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EXECUTIVE SUMMARY 
 

Introduction 
Over the last decades, there has been a fundamental shift in the structure of the economy, from a 
manufacturing based to a more service and knowledge based economy (Haynes, 2007; Johnson, 
Mawson and Plum, 2014). Therefore it is becoming increasingly important to establish an office 
environment that improves the performances of its occupants. In line with this development, we see 
that health and wellbeing of employees is becoming more and more important (e.g. introduction WELL 
Building Standard and Fitwel). Corporates are recognizing that employees and staff are not an expense, 
but can be valued as a capital resource. And that is not strange, as in general staff costs including 
salaries and benefits, typically account for about 90% of the business operating costs (WGBC, 2015). 
As office employees spend a large proportion of their time at work, it should be self-evident that the 
physical office environment influences their health and well-being (Kamarulzaman et. al, 2011; Conrad, 
1988; Price & Hooijberg, 1992).   
 
Over the past years, the physical workplace evolved frequently. To date, the open-plan office is a 
common used office type. There are a lot of economic benefits of an open space, such as: 
shortening walking distance between desks and promoting communication, information flows, 
working relationships and fresh and modern architecture. However, with the introduction of the 
open-plan concept, health and comfort issues, such as improper lighting,  bad ventilation 
(Leblebici,2012), lack of privacy (e.g. Boyce, 1974; Sundstrom et al., 1980) and increased workplace 
noise (e.g. Brookes & Kaplan, 1972; Sundstrom et al., 1980) became present.  
 
A supporting workplace environment is said to have the ability to encourage employees with their 
productivity and task performances. Therefore, the physical office environment is increasingly 
becoming important for especially knowledge companies. The quality of this physical environment is 
based on several ambient attributes of the office environment, such as light, air quality, temperature 
and noise (see e.g. Bengtsson, 2003; Seppanen & Fisk, 2006; Veitch, 2001). Acoustics are one of the 
most important ambient attributes of the modern office design, as sound or noise is something that 
cannot be avoided in an office. However, compared to the other ambient factors, there is less known 
about acoustics. To date, it is known that speech and conversations are one of the most annoying 
sources in the office environment. Research that has been done focus on the effect of this noise source 
on task performance, such as proofreading (Jones and Broadbent, 1979; Weinstein, 1974,1979)  or text 
typing (Balazova, 2008; Witterseh et al.; 2008). However, the existing researches seldom focus on the 
perceived effects.  
 
So sound is something that cannot be avoided in an office environment. Therefore it is important to 
know how someone perceive noise, as the distinction between sound and noise is very subjective, since 
noise is a subjective judgement. This is particular to each individual, place and task. To reduce the 
negative effects of noise, individuals can cope with noise by various types of coping strategies.  
However, beside some research from, among others Kaarlela-Tuomaala et al. (2009) about several 
coping strategies in private office rooms and open-plan offices, not much evidence exists in the field 
of personal coping strategies. The lack of information about the perceived effect of noise and how 
people cope with noise, results in the following research objective: 
 
The aim of this research is to provide insights in the effects of different sources of noise in office 
environments on perceived productivity and how different types of employees cope with it. In addition 
this research aims to provide insights in the effects of coping behavior on the perceived productivity.  
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To achieve this research objective, the main research question is: 
 
What is the effect of different types of noise on perceived productivity and coping behavior in the open-
plan office environment and which coping strategies are perceived as most effective? 

Literature 
To be able to recognize what causes noise in the office environment and to understand the 
relation between noise and productivity, it is important to dive deeper in concepts such as 
acoustics, sounds and noise in the office environment. Employees indicate that noise is the 
second biggest cause of distraction and dissatisfaction in the office environment, after lack of 
temperature control (Leesman, 2017). The literature distinguish four categories of office noise, 
including speech and conversations, office equipment, installations and background noise (e.g. 
Pan and Cheung Chan, 2007; Canada Safety Council, n.d.). In the case of speech and 
conversations, it is not the level of speech that has effect on productivity, but it is the speech 
intelligibility that affects an employee’s productivity. In all other cases, it is assumed that the level 
of decibels affects the working conditions. Noise has not only a negative effect on productivity 
in its broadest sense, but can also have effect on a particular task, such as text reading or typing.  
Intelligible speech decreases working memory and receptive reading (Hongisto, 2005; Venetjoki 
et al., 2006), while a ringing telephone appears to have a negative effect on cognitive 
performances, which indirectly affects an employee’s productivity (Mouri, Akiyama an Ando, 2001). 
In other terms, typical office tasks are negatively influenced by various office noises, hence these 
have a negative effect on productivity.  
 
If employees perceive that their productivity is influenced by office noise, they can adapt 
strategies or skills to deal with the noisy circumstances. This is called coping behavior (Arya, 
2017). Coping behavior focuses on controlling the situation despite the noise or aim to 
neutralized the noise. Coping can be conceptualized and distinguished as approach and avoidance, 
which refer to respectively seeking treatment for a stressor or ignoring and avoiding the stressor (Reid, 
Gilbert & McGrath, 1998). Oseland and Hodsman (2015) examined the relation between noise and 
coping behavior, but did not succeed to define various types of coping behavior, something like 
Kaarlela-Tuomaala et al. (2015) did. As a result, eleven coping strategies could be defined and 
described: 

 Discussed the noise problem with colleagues 
 Made an even greater effort 
 Put the work off till another time  
 Done their work more slowly than usual 
 Put on some music or earphones 
 Interrupted their work or left their desk 
 Tried to be quieter in the hope that colleagues did the same 
 Changed your work station or did the work home 
 Made a proposal to management to improve the acoustic conditions 
 Used earplugs or hearing protectors 
 Do nothing 

 
As noise is a subjective judgement, it may lead to different perceptions and responses with each 
individual. Not only environmental conditions, such as task, time and place, influence the 
perception of noise. There may also be other factors, such as personal characteristics that play 
an important role in someone’s perception of noise and coping behavior. A variety of studies 
tried to clarify if women are more sensitive to noise compared to men. Kaarlela et al. (2009) state 
that women are significantly more sensitive to and disturbed by noise. Rogers et al. (2003) argued 
that the accepted level of background noise of males is 6 dB higher compared to women. 
However, there is also literature that states the opposite or that there is no difference between 
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the genders (Choi, Aziz and Loftness, 2009). Age-wise, it seems plausible to state that the older 
someone gets, the less he or she perceives noise due to hearing loss. However, the relation between 
age, hearing loss and noise perception is quite more complex and difficult. Undoubtedly age influences 
hearing loss and the ability to hear noise ( see e.g. Connelly, Hasher & Zacks, 1991; Hartman and 
Hasher, 1991). However, environmental influences also have an effect on hearing loss, such as often 
visiting festivals and concerts, or listening to loud piped-in music. All these factors together make it 
hard to distinguish if the perception of noise is caused by aging and indirectly age-related hearing 
loss, or from other reasons. There is hardly any literature that states something about the effect of age 
on coping behavior. 
 
Besides gender and age, there are also personality traits that could affect the perception of noise or 
coping behavior among which extraversion and neuroticism. Extraversion refers to people that are 
highly aware of what is going on around them. Meanwhile, introversion is when people have an inward 
turning tendency that makes one sensitive to one’s own feelings and experiences (Belojevic, Slepcevic 
and Jakovljevic, 2003). Several studies have shown that the tolerance and preference of noise levels 
differ among extroverts and introverts. Those who are classified as extroverts have a higher optimum 
arousal threshold compared to introverts. Morgenstern, Hodgson and Law (1974) performed a 
laboratory-based study, where they concluded that extroverts performed better during distractions 
than they did in silence. On the other hand, introverts showed a decline in performance under the 
same circumstances. The impact of noise on performance among extroverts has also been observed 
outside a laboratory setting. Campbell and Hawley (1982) demonstrated that when introverts and 
extroverts are studying in a library, extroverts were significantly more likely to choose a workstation in 
noisy areas, while introverts were more likely to avoid these places to work. 
 
Neuroticism is a personality trait whereby individuals are more likely to be pettish and to experience 
such feelings as anger, frustration, fear, jealously, depressed mood, worry and anxiety (Thompson, 
2008). Neuroticism has been related to a more worse respond to stressors than average.  As noise is 
one of the stressors in the physical work environment, this can cause problems.  Kryter (1970), 
Matthews et al. (2004) and Benfield et al. (2012) state all that the performances of neurotic personalities 
are more effected by noise compared to non-neurotic personalities. More neurotic personalities are 
more sensitive to noise exposure and will judge a particular sound source more quickly as noise . It is 
plausible that more neurotic personality types are more affected by a particular noise source due to 
excessive concerning, compared to more extroverted personality types, who often have a higher 
tolerance regarding to noise. Extrovert are more resistant to noise and therefore can concentrate and 
perform better in loud environments. Introvert people face more interruptions and distractions in 
louder environments. Anxiety and excessive concerning holds these introvert people from apply 
successful coping strategies. Because they cope less well with noise, frustration occurs which affect 
both simple and complex task performances. Therefore, it seems that personality is also interrelated 
with coping behavior.  

Research approach 
A questionnaire was distributed in order to gather data about preferences and attitudes related 
to coping strategies and effects of various noise sources. The questionnaire contained questions 
about the various noise sources for which the respondent had to indicate to what extent these 
sources affected the perceived productivity. It included statements about coping strategies and 
their effect on perceived productivity. The survey ended with some questions about the two 
personality traits, based on the Ten-Item Personality Inventory (TIPI). The questionnaire was 
distributed between the 3rd of September and 10th of October among three companies which had 
to deal with acoustic problems in their office environment. The final sample size consist of 150 
respondents and reliability and validity of the dataset are good. The representativeness of the 
sample is lower, because the variables gender, age and educational level differ significantly when 
compared with figures of CBS.  
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In order to analyze the effects of personality traits on perception of noise and the preferred 
coping strategies, it is measured to what extend a respondent is extrovert and neurotic based on 
the Ten-Item Personality Inventory (TIPI).  Savvy (2016) recoded the TIPI scores into three 
categories, namely low, medium and high. For further analyses, the sample is divided in two equal 
sized categories. The 50 percent of the respondents with the lowest score on extroversion are 
placed in one group, the other 50 percent in the other group. Based on the mean of the sumscore 
in each category, the lowest 50 percent are labelled as medium extrovert, the highest 50 percent 
are labelled as high extrovert. The same is done for the variable neuroticism. Based on the mean 
of the sumscore these groups are also labelled as medium neurotic and high neurotic.  
After data description and preparation, further analyses could be examined. The Chi-Square test 
(X2-test) is used to determine whether there is a significant difference between the expected 
variables and the observed variables in one or more categories. This test has been performed to 
examine the relation between noise sources and coping behavior, the relation between noise 
sources and coping behavior among medium and high extroverts, as well as among medium and 
high neurotics and to analyze the relation between age and gender, and coping strategies. In 
case of small expected counts, a Fisher’s exact test is used. Additionally, the Lift-ratio is used to 
analyze to what extent the choice for a specific coping strategy differs between the various noise 
sources in more detail. By doing this, it can be analyzed if a particular coping strategy is a specific 
coping reaction to a particular noise source.  

Results 
Two noise sources in the category speech and conversation are most often indicated as 
affecting perceived productivity, followed by telephones ringing: 

1. Intelligible speech conversations near one’s desk (80.7%) 
2. Intelligible speech from telephone conversations (74.0%) 
3. Telephones ringing (59.3%) 

* percentage indicates how many percent of respondents indicate that this affects their perceived productivity 
 
As employees start coping to office noise, it seems that they most often choose for the avoidance 
coping strategy make even a greater effort (49.81 percent of respondents indicate to use this 
coping strategy), followed by the approach coping strategy discuss noise problem with your 
colleagues (43.6 percent of respondents indicate to use this coping strategy). After all, the 
avoidance coping strategies are more often chosen in comparison with the approach coping 
strategies. Results show that, despite respondents choose more often for the avoidance 
strategies, the approach strategies are perceived to be more effective in to boost perceived 
productivity. The approach coping strategy discuss the noise problem with your colleagues is 
perceived to be the most effective coping strategy to boost perceived productivity, followed by 
continue work at home. The least effective coping strategy is the avoidance strategy try to be 
more quiet in the hope that your colleagues do the same. It is worth mentioning that the coping 
strategies change your desk or location and continue work at home cannot be used by every 
respondent because they have an allocated work location or do not have the possibility to work 
at home. Analyses that are performed including only the respondents that are actually able to 
use these two coping strategies, continue work at home is perceived to be the most effective 
coping strategy followed by change your desk or location.  
 
The Lift-ratio is used to analyze to what extent a noise sources triggers a specific coping strategy. 
The results of the Lift-ratio show interesting findings, see table 1.  
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Table 1. Overview of specific coping reactions*  

Noise source Specific coping strategy Least chosen strategies  
Intelligible speech (near one’s 
desk) 

- Interrupt work 
- Try to be more quiet 

- Do nothing 

Intelligible speech at common 
facilities 

- Proposal to management - Put work off 
- Try to be more quiet 

Intelligible speech telephone 
conversations  

- Put work off 
- Interrupt work 

- Try to be more quiet 

Unintelligible background 
conversations 

- Use earplugs or ear 
protectors 

- Interrupt work 

People passing by, entering or 
leaving 

- Do nothing  

Sounds of particular colleague - Try to be more quiet - Interrupt work 
*the outcomes of specific coping strategies are only related to offices 
 
The results in table 1 show that there are specific coping strategies in relation with the noise 
sources, see green column. This means that when an HR-manager knows which coping strategies 
are present in an office environment, this can be an indication is for the noise sources that are 
present and have influence on the perceived productivity of the employees. As an HR-manager 
knows which noise sources are present, the manager can act on this. For example, if the manager 
notices that employees use earplugs or ear protectors, this is an indication that there are 
unintelligible background conversations that affect the perceived productivity of the employees. 
As a result, HR-managers have new insights to indicate which noise sources are present in the 
office and by that they can take more specific measures against these noise sources. 
 
Every organisation consists of individuals with their own perception and ways of coping. So 
additionally, it is analyzed if distinctions can be made between groups based on how they 
perceive noise and cope with it. This is done by means of the X2-test and the Fisher’s exact test. 
As a result there are differences between medium and high extroverts and how they cope with 
noise. In the case of intelligible speech in adjacent rooms, intelligible speech at common facilities and 
sounds of a particular colleague there are some difference between medium and high extrovert 
respondents and the coping strategy that they use. High extroverts are more inclined to use the coping 
strategies try to be more quiet or put work off when confronted with these coping strategies. However, 
the medium extroverts prefer more often the coping strategies continue work at home or interrupt 
work when confronted with these coping strategies.  
 
Another interesting result can be found in the analyses among the medium and high neurotic 
respondents. It can be stated that medium neurotic and high neurotic prefer other coping 
strategies. Medium neurotic respondents have a strong preference for the coping strategy 
continue work at home, while high neurotic respondents choose more often for the coping 
strategy proposal to management. Despite these results, no relation between the coping 
strategies and neurotic personality can be seen when analyses are performed per noise source. 
Besides the differences in the use of coping strategies, no significant difference in perception 
between the various personality traits can be found.  
 
Finally, various X2-tests are examined to analyze the relation between other personal 
characteristics and their influence on perception and coping behavior, including gender and age. 
Both do not perceive noise sources different, but there are differences in the choice for a coping 
strategy. Regarding to gender, men have a strong preference for the coping strategies put on music 
and change your desk, while women have a strong preference for discuss noise problem with your 
colleague. Besides, they are more likely to choose do your work more slowly and try to be more quiet 
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in comparison to men. The outcome of the analyses concerning age shows that respondents between 
26-35 choose more often for discuss noise problem with colleague and make even a greater effort, 
while they would rarely choose put on music and change your desk. Employees between 36-45 have a 
strong preference for make even a greater effort and choose rarely for earplugs or ear protectors. Last, 
employees of 46 and over choose more often for the coping strategies put on music, change your desk 
and do nothing. Besides, they prefer not discuss noise problem with colleague and make even a greater 
effort. 

Conclusions and recommendations  
The intention of this research was to reduce the research gap of existing scientific knowledge, 
including the perceived effects of noise, coping behavior in relation to noise and the effects of coping 
behavior on perceived productivity. In addition, the practical relevance is important so that this 
research adds value that can be applied in practice by for example Corporate Real Estate managers, 
HR-managers or Facility managers. 
 
In conclusion, this research examined the effects of office noise on perceived productivity and coping 
behavior. Based on the analysis and the results, it can be concluded that a distinction can be made 
between the noise sources and their effect on perceived productivity. Speech and conversations are 
most often indicated as affecting the perceived productivity, including intelligible speech near one’s 
desk and from telephone conversations. Employees choose different coping strategies to respond to 
these noise sources. The effect of these coping strategies on perceived productivity differs per strategy, 
but in general it can be stated that discuss the noise problem with your colleagues and continue work 
at home are perceived to be the most effective strategies. In addition, it appears that a number of 
noise sources trigger a specific coping reaction. When employees are exposed to a noise source which 
affect their perceived productivity, they cope with a specific coping reaction. The preference for a 
particular coping strategy also differs per group. Employees can be divided into gender or age, but 
also in high extrovert and medium extrovert. These groups will experience noise differently, or cope 
differently.  
This research contributes to the knowledge in the research field of ambient factors in the office 
environment. Many studies focus on light, temperature or air quality, while less was known about 
acoustics and noise in the office environment. Additionally, a lot of these studies focus on individual 
task performance, while the existing studies seldom focus on the perceived effects. Concerning the 
coping behaviors, there were studies that examined coping behavior, but just a few conducted a 
research on the effect of coping behavior on noise. Hence, not much is known about the effect of 
coping strategies on perceived productivity. Besides the scientific relevance, the results of this research 
are transformed into practical recommendations for Corporate Real Estate Managers, HR-managers or 
Facility managers. First, the results confirmed that speech and conversations have a negative effect on 
the perceived productivity of employees and these noise sources should be avoided as much as 
possible in the office environment. 
Second, the results provide new insights that could be applied directly in practice. The results show 
that there are specific coping strategies in open-plan offices in relation with several noise sources. This 
means that if a Corporate Real Estate Manager or Facility manager can identify coping behavior in his 
or her office environment, this could indicate which noise sources are present and have an influence 
on the perceived productivity of the employees. As the noise sources in an office environment are 
identified based on the coping strategies, the manager or even an acoustic expert could act with 
specific measurements to reduce these noise sources. For example, if the employees use often earplugs 
or ear protectors, it can be stated that probably unintelligible background conversations affect the 
perceived productivity of the employees. So the use of earplugs and ear protectors is for the manager 
of expert an argument to take measures to reduce unintelligible background conversations. 
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Recommendations for further research were based on several limitations of this research. This research 
is conducted in perspective of individual focused work, desk based in offices. Additionally, the coping 
strategies are also analyzed in perspective of individual focused work. The stimuli that affect perceived 
productivity depend on the type of work an individual performs. Future studies could focus on the 
perception of noise sources and how employees cope with these noise sources during different 
working activities. An additional recommendation would be to do the same research with another 
focus group. The companies that participate in this research were all dealing with acoustic problems 
in their office buildings. Further research could analyze for instance what the effects are of coping 
strategies on perceived productivity in less noisy conditions.  Furthermore, an interesting field for 
future research would be the effect of coping strategies on perceived productivity per noise source. A 
last recommendation, is to perform further research on the actual effects of coping strategies on 
productivity instead of the perceived effects.  
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CH1.  Introduction 
The first chapter introduces the research object: the effect of office noise on perceived productivity and 
coping behavior. First, the background of the research and the research gap are explained. Next, the sub 
questions and the main research question are formulated. Subsequently, the research objective, scientific 
relevance and practical relevance are described. Last, the research approach for conducting this research 
is outlined. 

1.1 Background 
Over the last decades of the twentieth century, there has been a fundamental shift in structure of the 
economy from a manufacturing based to one more based on services and knowledge (Haynes, 2007; 
Johnson, Mawson and Plum, 2014). Therefore it is becoming increasingly important to establish an office 
environment that improves the performances of its occupants. This fast growing, shifting economy is 
associated with growing demands for productivity and increased workload in the workplace. Employees 
are under tremendous pressure in sometimes unfavorable working environments (Kirsten, 2010). In line 
with this development, health and wellbeing of employees is becoming a trending topic in both 
academic papers and studies as well as in business models. Corporates are recognizing that employees 
and staff are not an expense, but can be valued as a capital resource. After all, staff costs, including 
salaries and benefits, typically account for about 90% of business operating costs (DGBC, 2015). In 
addition, the World Green Building Council states that a healthy, happy workforce is a vital component 
of a productive and successful business model. It is apparent that any impact on their ability to be 
productive (such as noise and other distractions), can have far-reaching financial consequences for an 
organisation or CFO . Besides, it should be self-evident that a small difference can have much larger 
effects than any other financial savings associated with an efficiently designed and operated office 
building. 

The present-day workforce spends at least 80% of their time indoors (DGBC, 2015; IWBI, 2017). Most 
part of this indoor time is spend at work, therefore it should be taken for granted that the physical office 
environment influences the well-being, performance and productivity of office employees. 
(Kamarulzaman et. al, 2011; Conrad, 1988; Price & Hooijberg, 1992).  Over the past years, the physical 
workplace has frequently evolved. Nowadays, the open-plan office is one of the most commonly used 
office types, which offers several economic, managerial and working condition advantages, such as space 
savings due to the elimination of hallways. The workplaces in open-plan offices are 50% smaller 
compared to other workplace concepts (Roelofsen, 2007; Haapakangas, Keränen, Hakala, Keskinen and 
Hongisto, 2009). The economic benefits of an open office space are emphasized by pointing out aspects 
such as: shortening working distances and promoting communication between colleagues, improving 
team and project work, information flows, working relationships, work involvement and transparency, 
encouraging creativity due to face-to-face contacts and interaction(s) and a fresh and modern 
architecture. Indeed, there exists evidence that supports these positive effects (Brookes & Kaplan, 1972; 
Zahn, 1991). However, the introduction of the open-plan concept has also been linked to health and 
comfort issues, such as improper lighting, bad ventilation (Leblebici, 2012), lack of privacy (Boyce, 1974; 
Brookes & Kaplan, 1972; Hedge, 1982; Sundstrom et al., 1980), increased workplace noise (Brookes & 
Kaplan, 1972; Sundstrom et al., 1980; Hedge, 1982) and increased disturbance and distractions (Brookes 
& Kaplan, 1972; Clearwater, 1979;  Hundert & Greenfield, 1969; Sundstrom et al., 1980). For example, in 
an open-plan office, due to its open structure and high visibility, working conditions including 
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concentration and productivity may decrease. As van der Voordt (2008) stated, this office concept may 
directly or indirectly result in physiological and psychological reactions, such as stress. 

The workplace is one of the key environments that affect health and well-being (Gabriel and Liimatainen, 
2000). Stress has been recognized as one of the attributes that affect health and well-being in this 
environment. Stress can be triggered by the behavioral environment; such as workload, job insecurity, 
career development and organizational structure (Maslach, Schaufeli and Leiter, 2001) or the physical 
environment, like acoustics, light and air quality (Evans, 2000; van Bommel and van den Beld, 2004). It 
has been calculated that each case of stress-related illness leads to an average loss of 30.9 working days 
(Health and Safety Executive, 2006). EU-OSHA (2000) suggest that between 50%-60% of lost working 
days have some link with work-related stress. There is a variety of outcomes available of the annual cost 
related to mental health and wellbeing. EU-OSHA (2014) reports that the total costs in Europe are €40 
billion per year of which €13.6 billion is the cost of reduced productivity. A study by Matrix (2013) 
estimated that the total cost of work-related depression alone in the EU-27 is nearly €620 billion per 
year, which includes €240 billion in terms of lost productivity. It does not only affect the individual, it can 
also have impact on other team members, as sickness absence and lack of productivity raise workload 
for remaining team members (Sengupta and Sengupta, 2017; Gabriel and Liimatainen, 2000; Leka and 
Jain, 2010). It should be clear that stress has an increasing impact on the work environment, however, it 
is hard to define stress. Throughout research, stress is defined in various forms, associated with a variety 
of negative responses, such as negative effects on physical health, psychological well-being, job 
satisfaction, productivity and performances (Leiter and Maslach, 2003; Leiter and Maslach, 2008).  

A supporting workplace environment is said to have the ability to encourage employees with their 
productivity and task performances. Therefore, the physical office environment is increasingly becoming 
important for especially knowledge companies. The quality of this physical environment is based on 
several ambient attributes of the office environment, on which to date extensive research has been done 
about effects: among which noise and attributes such as light, air quality and temperature effects on 
employee health ( Heerwagen, 1990; Seppanen & Fisk, 2006; Lahtinen, Sundman-Digerts, & Reijulas, 
2004; Veitch, 2001). Acoustics are one of the most important ambient attributes of the modern office 
design, as sound or noise is something that cannot be avoided in an office. However, compared to other 
ambient factors, there is less known about acoustics. Noise can be seen as the most prevalent distraction 
source in offices, regardless of the office lay-out (Becker et al., 1983; Danielsson, 2005; Pejtersen et al., 
2006; Jensen et al., 2005) and can lead to increased (crowding) stress for occupants (Evans et. al 2000; 
Jensen et al. 2005; Pejtersen et al. 2006; Haapakangas et al. 2009). To date, it is known that speech and 
conversations are one of the most annoying sources in the office environment. Much research has been 
done on the effects of this noise sources on task performances, such as proofreading (Jones and 
Broadbent, 1979; Weinstein, 1974,1977) or text typing (Balazova, 2008; Witterseh et al.; 2008) and 
productivity (Oseland and Burton, 2012; Sims, 2007; Roelofsen, 2007; Kjellberg, 1990). These researches 
are mainly examined in laboratory settings instead of in a real office setting and often focus on output 
such as errors. The existing studies seldom focus on the perceived effects. Besides, the effects of other 
noise sources are less well documented and examined during research.  

In the average office, a variety of sounds can be heard. This variety can be divided into typical types of 
noise, such as human generated noise, which includes human conversations face to face or through the 
phone (Roelofsen, 2007; Pan and Cheung Chan, 2007 and Field and Fricke, 2008); machine generated 
noise, which is noise from fax, copier or ringing phone (Pan and Cheung Chan, 2007; Canada Safety 
Council, n.d and Haapakangas et al., 2008); impact noise, including noise from opening and closing doors 
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or employees walking around (Pan and Cheung Chan, 2007; Canada Safety Council, n.d.; Field and Fricke, 
2008 and Haapakangas et al. 2008) and background noise, which is noise from ventilation or air-
conditioning systems (Pan and Cheung Chan, 2007; Field and Fricke, 2008 and Haapakangas et al., 2008). 
These distracting sounds can not only have an effect on an employee’s productivity, but can cause 
irritation among employees as well. Studies like Roelofsen (2007), Field and Fricke (2008) and 
Haapakansgas et al. (2008) show that speech is one of the most distracting noise sources in an office 
environment, followed by telephones ringing (Pan and Cheung Chan, 2007; Haapakansgas et al. 2008). 
However, the last decade the office environment changed, where landline telephones on desks are more 
and more exchanged for mobile phones. Therefore it would be favorable to know to what extent other 
noise sources besides speech are distracting and affecting an employee’s productivity as well. Once an 
employee is distracted, for example by noise, it takes between 10 to 25 minutes to get back on the same 
concentration level as before the distraction (Roelofsen, 2007; Aron, 2016). These distractions affect an 
employee’s concentration and have an indirect effect on productivity. The other way around, as noise is 
reduced and the ability to perform without noise and other distractions increases, productivity is raised 
(Oseland and Burton, 2012). Another negative effect of noisy environments is that people who are 
unhappy with noise conditions in their office, are more likely to be unhappy with other aspects of the 
physical office environment too (Leaman, 1995). 

As we already know, sound is something that cannot be avoided in an office environment. Therefore it 
is important to know how someone perceives noise, as the distinction between sound and noise is very 
subjective, since noise is a subjective judgement. This is particular to each individual, place and task. 
What may be a pleasant sound to one person, may be an unpleasant or unwanted sound to another and 
therefore perceived as noise.  To avoid noise in the workplace, acoustic designers can change the 
acoustical office environment. Methods to solve acoustic problems include absorb, block or cover the 
noise. However, sometimes the noise cannot be absorbed, blocked or covered, an acoustic designer fails, 
or a corporate manager decides not to improve the bad acoustical circumstances. This is the moment 
employees can start to show coping behavior. There are various types of coping strategies, including 
approach and avoidance, which refer to respectively seeking treatment for a stressor or ignoring and 
avoiding the stressor (Reid, Gilbert & McGrath, 1998), emotion- and problem focused, which refer to 
respectively a negative emotional reaction or response and adaptive behavior to reduce or eliminate the 
stressor (Dysvik, Natvig, Eikeland & Lindstrom, 2005) and appraisal focused¸ which refers to a change in 
the way to think about a problem (Worell, 2001). Leventhall (2003) acknowledged the problem of noise 
in the office environment and pleaded for further research on personal coping strategies. However, 
beside some research from, among others Kaarlela-Tuomaala et al. (2009) about several coping 
strategies in private office rooms and open-plan offices and Braat-Eggen et al. (2017) about coping 
strategies among students in university libraries, not much evidence is added in the field of personal 
coping strategies.  

Besides the environmental aspects that affect the perception and coping behavior, there are also 
personality characteristics that could affect an individual’s perception or coping strategy. Unfortunately, 
not much evidence exists on the perception of noise and if there is a distinction between groups. The 
causes and consequences of poor acoustical performances are perhaps not adequately understood by 
designers and corporate real estate managers. It would therefore be valuable to determine how different 
groups or individuals perceive noise and how different individuals or groups with specific characteristics 
cope with noise.  
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1.2 Objective and research questions 
1.2.1. Research question 
 

What is the effect of different types of noise on perceived productivity and coping behavior in the open-
plan office environment and which coping strategies are perceived as most effective? 

1.2.2. Sub-research questions 
1. What causes noise in the office environment and what are noise characteristics? 
2. What is the relation between noise and productivity? 
3. Which coping strategies occur when certain noise sources affect perceived productivity of 

employees? 
4. What are the effects of different coping strategies on perceived productivity? 
5. To what extent do personality characteristics influence the perception of certain noise sources?  
6. Is there a distinction to be made between groups that perceive noise and/or cope with it 

differently and on which characteristics do these groups differ? 

 
1.2.3. Research objective 

The research objective is a combination of the background information, the research gap(s) and the 
research questions as is explained in section(s) above. The lack of information about the perceived effects 
of noise sources in office environments on working conditions, such as productivity, and how different 
groups perceive and cope with this noise sources, results in the following research objective: 

The aim of this research is to provide insights in the effects of different sources of noise in office 
environments on perceived productivity and how different types of employees cope with it. In addition, this 
research aims to provide insights in the perceived effects of coping behavior on the perceived productivity.  

1.3 Relevance 
The intention of this research is to be relevant for both practical as well as scientific purpose. The 
intention of scientific relevance is to facilitate new insights into the research gap of existing scientific 
knowledge. In addition, the practical relevance is important so that this research adds value that can be 
applied in practice by for example Corporate Real Estate managers or facility managers. 

1.3.1 Scientific relevance 
One of the objectives of this research is to provide insights in what the effects are of different types of 
noise on perceived productivity in the office environment. Scientific research is often used to support 
decision making. The intention is to provide decision-makers with an overview of scientific evidence and 
to direct in what way building- or office environment characteristics affect employees. As stated in 
section 1.1, there is extensive research about the effects of ambient factors (Bengtsson, 2003; 
Heerwagen, 1990; Seppanen & Fisk, 2006; Lahtinen, Sundman-Digerts, & Reijulas, 2004; Veitch, 2001) 
and to a lesser extent acoustics in the office environment (Evans et. al 2000; Sandstorm 1993; Jensen et 
al. 2005; Pejtersen et al. 2006; Haapakangas et al. 2008; Danielsson, 2005). These conducted studies are 
mainly focused on the effects of noise on task performances (Loewen and Suedfeld, 1992; Banburry and 
Berry; 1997) and productivity (Sims, 2007; Leblebici, 2012). 
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Unfortunately, research on the perceived effects of noise is seldom conducted. The research that has 
been done, are laboratory experiments. Evans and Johnson (2000) examined the effects of perceived 
stress in relation to open-office noise. Among others, Leather (2003) stated several effects noise can 
cause in an office environment, such as job stress and job strains. Extensive research has been done on 
the different sources in an office environment that can provoke noise, such as speech, (telephone) 
conversations (Roelofsen, 2007; Sundstorm et al., 1994), photocopiers, air-conditioning, elevator sounds 
and people constantly moving around (Field and Fricke, 2008). From all these noise sources, hardly any 
relation with perceived productivity is examined, except from speech. However, with the transition from 
a manufacturing economy to a more service or knowledge based economy, research on the effects of 
noise on perceived productivity is more relevant since knowledge intensive corporates should pay more 
attention to adjust the physical office environment to activities of knowledge workers. This is in sharp 
contrast with the manufacturing businesses where it is made sure that design and layout of the 
manufacturing facility enables maximum productivity.  

Another objective of this research is to provide insights in different types of coping in relation to noise 
and what the perceived effects of these coping strategies are on their perceived productivity. There is 
not much evidence about how different personality types perceive noise differently. In line with the 
research gap of noise perception, there are studies examined on coping behavior, but not much evidence 
exists about different coping strategies in relation with noise. It is desirable to provide insight in how 
various people cope with noise, in order to understand the behavior that noise can trigger. And 
especially, as employees start with coping behavior, what is the effect of this behavior on their perceived 
productivity. In other words, has avoiding or reducing the noise sources a positive effect on an 
employee’s perceived productivity? 

1.3.2 Practical relevance 
The problem is still recognized too little by management. Bad acoustic conditions in office environment, 
such as difficult concentration, are not taken into account at strategic decision moment in the housing 
process because the expected economic and organizational advantages of an open-plan office would 
be obvious: employees are expected to become accustomed to the environmental noise. In addition, 
acoustics do in most cases not receive the same level of design attention as thermal, ventilation and 
other architectural and engineering considerations. While it is important to develop office environments 
that promote positive health outcomes and degrade negative stress and health outcomes, it is also 
important that organizations focus on the needs of employees. Employees in organizations do not all 
have the same values, expectations of work and so on. Is it relevant to know how the different employees 
perceive these (negative) effects of acoustics in an office environment because it is generally accepted 
that employees who are more comfortable with their environment are more likely to generate better 
work outcomes (McConnel, 2007). It is also proven that employees who suffer from noise, are more 
inclined to complaining about other aspects of the office environment compared to employees who do 
not (Haapakangas, Hongisto and Keskinen, 2008). 

The findings of this research provide new information for facility managers or corporate real estate 
managers how various noise sources are. In addition, as this research provides insights in the several 
coping strategies in relation to noise, it gives corporate real estate managers new information on the 
various ways’ employees can cope with noise and if distinctions can be made between types of office 
workers. A corporate manager can adjust the office environment depending on which coping strategies 
exist in their office building. As this research will provide new information about the effect of the various 
coping strategies on perceived productivity of employee’s, a corporate real estate manager can make 
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the decision about supporting which coping strategies to provide the optimal solution in their office 
building.  

The Federation of European Heating and Air-conditioning Associations (REHVA) estimates that 
investments in the indoor environmental conditions, which are thermal environment, indoor air quality, 
acoustic comfort and noise, have a payback period of approximately 2 years. Of course, this depends on 
the basic condition of the property. In an excellent performing building there is obviously less to improve 
than within a poor performing building. Corporate managers should consider that noise has an huge 
effect on productivity. Thus an improvement in the acoustical conditions which causes a 1% 
improvement in productivity will perhaps result in a return of investment period of months instead of 
years.  

1.4 Research approach 
This quantitative study can be divided into four sections and includes both descriptive and explorative 
research. The first part is the initial phase or introduction and is stated in the sections above. After the 
initial phase follows  the descriptive phase, which includes an extensive review of the existing  literature. 
The literature study defines sound and noise characteristics in the office environment, explains coping 
strategies and behavior related to noise and describes the effect of personal characteristics on noise. 
During this literature study, the existing and available literature that is related to the research topic is 
reviewed and evaluated. This review and evaluation results in input to answer sub questions 1,2,3 and 4, 
as specific elements are explained.  

The third phase of the research is of an explorative nature in which a questionnaire is examined to collect 
all the data. The questionnaire is filled with questions and specific elements obtained from the literature 
study and is distributed among employees of three companies. After the data collection, the data is 
described and prepared for further analyses. During the data description, sub question 4 can be 
answered in more detail. 

 A sub set of techniques will be used, including the Chi-Square test (X2-test) and the Lift-ratio method. 
Once the descriptive phase is completed, the sub questions 5 and 6 are answered. The third phase is 
completed with a discussion of the results of the data analyses and the findings of the literature study 
in the descriptive phase. 

The fourth and final phase of this research is used to draw the conclusion and to answer the main 
research question. Additionally, recommendations for future research are prepared and practical 
implementations are described.  

Figure 1 shows the structure of this research. The initial phase consists of Chapter 1. The descriptive 
phase consists of Chapter 2, 3 and 4. Next, the explorative phase consists of chapter 5, 6 and 7. Finally, 
the final phase consists of Chapter 8. 
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CH2. Sounds and noise in the office environment 
To be able to recognize what causes noise in the office environment and to understand the relation 
between noise and productivity, it is important to dive deeper into concepts such as acoustics, sounds 
and noise in the office environment. This chapter starts with explaining acoustics in general. Additionally, 
the different sounds that occur in an office environment will be described, after which the distinction 
between sound and noise will be made. Before the conclusion can be stated and the conceptual model 
can be explained, an overview of the various effects noise can have on employees will be given. 

2.1 Acoustic in the office environment 
Last decade, there has been an increased interest in office buildings when the acoustics are of concern 
(Vigran, 2008). It is acknowledged that reducing noise levels in the living and work environment of 
people improves the quality of life and also contributes to an improvement in health and wellbeing. An 
important part of the office environment for employees is the ability to concentrate without noise and 
other distractions (DGBC, 2015), especially among employees in knowledge companies. Leesman (2017) 
published a large survey with 299.486 respondents from 2.318 workplaces in 67 different countries. The 
participants were asked ‘’which features do you consider to be an important part of an effective 
workspace?’’. They had to rate their job satisfaction with their selected important features. The results 
showed that noise was the 6th most important feature in the workplace but, more importantly, it was the 
second biggest cause of dissatisfaction in the office environment, after lack of temperature control, see 
figure 2. According to the DGBC (2015), this dissatisfaction causes a loss of 24 productive working days 
per employee due to bad acoustics and unproductivity, every year. 

 

Figure 2. Causes of dissatisfaction in the office environment. Source: Leesman (2017) 

Acoustics are an important attribute in the physical office environment, as noise is one of the biggest 
disturbing factors (Pejtersen et al., 2006; Sundstrom, 1986; Haapakangas, Hongisto and Keskinen, 2008). 
Miyata and Norman (1986) consider that there are two basic types of interference: external and internal. 
External interruptions include those that originate from events in the office environment, such as phones 
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ringing, a colleague entering a room, or an email notification. Internal interruptions are those in which 
one stops a task of their own volition. External interruptions in the office environment are the 
interruptions that cause distraction or loss of concentration, and can appear in different levels of 
importance.  

Acoustics of buildings is the part which deals with the control of sound in buildings. The purpose of this 
control is to create circumstances in which people or employees can hear with comfort. It is necessary 
to consider the principles of both sound as well as hearing (Watson, 1944). Sound behaves in a similar 
way to light in an office environment: it can be reflected, refracted, diffracted, etc. Sounds that 
encounters a surface, like a wall or desk, is partly absorbed and partly reflected. The reflected part 
continues throughout the office, where it can be reflected multiple times (Madsen, 2006). This 
phenomenon is called reverberation time: the greater the reverberation, the longer the sound takes to 
disappear. Hard, shiny surfaces are likely to have greater reverberation time compared to clad surfaces 
like carpets and padded furniture. The latter surfaces have a lower reverberation because of their ability 
to absorb a part of the sound (Watson, 1944; EU-OSHA, 2005). It is possible that employees who work 
in an office environment with a lot of hard, shiny surfaces are more likely to perceive more noise 
compared to employees within the same noise environment and more clad surfaces.  

In a building sound can appear in two different ways: wanted and objectionable. The wanted sounds are 
detected by the ear as ‘sounds’ and should be adjusted for comfortable hearing, while the unwanted 
sounds are detected by the ear as ‘noise’ and should be reduced as much as possible. Figure 3 shows a 
simplified preview of the process, where the input (noise) is detected, which leads to a particular 
perception. A response is the reaction to a perception and is different for each individual, depending on 
environmental, personal and situational factors. This study focuses first on the difference in perceptions 
among employees in offices. Later on, the response, or in this research called coping behavior, and its 
effects to this perception are analyzed. 

 

Figure 3. Input, response, perception and detection of noise. Source: Benton (2001) 

The input (sound) can be described in terms of intensity or amplitude and frequency. EU-OSHA (2009) 
state that the human ear does not respond equally to all frequencies. Intensity or amplitude of sound is 
perceived as loudness. The loudness is measured in decibel or dB. As the characteristics of the input 
(sound) is state above, it is expedient to elaborate more on noise, to analyze the perception and response 
to unwanted sounds. Noise is often defined as an unfavorable sound (Roelofsen, 2007). Basically, every 
sound that bothers us is noise. However, the distinction between sound and noise is subjective, since 



   28     The effect of office noise on perceived productivity and coping behavior of office workers 

noise is a subjective judgement, the amount of noise causing distraction is subjective, proportional and 
psychological to the loudness of noise. What may be a pleasant sound to one person, could be an 
unpleasant sound to another and therefore perceived as noise. This means that not the sound level 
defines noise, it is the perception of someone that defines if sound is noise or not. Besides, it is 
understood that unpredictable sounds are perceived as more annoying rather than predictable sounds 
(Sundstrom, 1986). This perception depends on, among other things the activities in the workplace at a 
certain moment. Noise distraction can be defined as events which disturb or irritate employees, including 
overheard conversations, equipment noise and colleagues moving through the office. It distracts and 
hinders us from our work tasks. Passhier (1993) adds that noise-based annoyance can be defined as ‘’a 
feeling of resentment, displeasure, discomfort, dissatisfaction or offence that occurs when noise 
interferes with someone’s thoughts, feelings or daily activities’’.  

 
Now that the characteristics of sound and noise have been described and specified, it is important to 
clarify which inputs in the office environment affects perception and response in relation with noise. In 
other terms, which noise sources occur in the office workplace. 
 

2.2 Sources of noise in the office 
A variety of sounds can be heard in the average office. Sounds can be steady, such as the sound of a 
computer, printer or the continuous hum of a ventilation system. Sounds can be intermittent, such as 
the sound of someone entering, or leaving the workplace or sounds can occur suddenly, such as a 
telephone ringing. Two main important reasons of noise in the workplace is the introduction of open-
plan offices and integrate the closed office places as transparent and open as possible. The problem 
increases as the enlargement of the occupancy rate elevate and the number conversations via for 
example the computer and speaker on the telephone raised (Roelofsen, 2007). According to Pan and 
Cheung Chan (2007) there are 4 typical types of noise in the interior of the office environment: 

 Human generated noise, which is human conversations and conversations on the phone. 
 Machine generated noise, which is noise from fax, copier, shredder or (ringing) phone. 
 Impact noise, which is noise from push on door during opening/closing or walking on hard 

surfaces. 
 Background noise, which is low-frequency ventilation system, sounds from equipment and 

surrounding context. 
 
The Canada Safety Council, which focuses on office noise, acoustics and workplace safety, holds almost 
the same distribution of noise sources: equipment generated noise and occupant generated noise. 
Equipment generated noise includes telephones, computers, copiers or other office equipment. 
Characteristic of this type of noise is that it is usually momentary and the sensitivity of the sound varies 
from person to person. To illustrate, noise generated by a copier may be distracting to the employees 
in adjacent workplaces, but not distract or annoy employees further away.  Occupant generated noise 
includes conversations in person, conversations on the phone or movement within the office by 
occupants. The Canada Safety Council adds another third source of noise, which is different from Pan 
and Cheung Chan: music. Music in the workplace, either from a radio or piped-in music, can provide 
mental stimulation during monotonous task or to reduce stress levels. However, some people find that 
it can cause irritation.  
  



    Master thesis S.I. Steps 29 

The review of literature shows that several studies have been done on the effects of acoustics, and 
especially noise, in the workplace. What is striking is that these studies are mainly focused on the effect 
of (background) speech in the office environment. Roelofsen (2007) stated that several studies declare 
that human generated noise is one of the most disturbing factors in the office environment, especially 
speech (internal conversations, phone calls). These internal conversations and phone calls contribute to 
loss of concentration (Field and Fricke, 2008), affect the job satisfaction (Sundstrom et al., 1994) and 
arises complaints (Lagdon, 1966) among employees. In this case the problem is not caused by the 
volume of the conversation or situation, but especially the understandability of these conversations leads 
to distraction. It is not the level of speech that is produced that causes the disruptive effect, but it is the 
speech intelligibility (Colle 1980; Ellermeier and Hellbrück 1998; Venetjoki et al. 2006; Schlittmeier et al. 
2008).  

Haapakangas, Helenius, Keskinen and Hongisto (2008) examined the relation between perception of 
acoustic environment and work performance and well-being. During the survey, occupants in private 
rooms and open offices were compared. The relation of perception of acoustic, work performance and 
well-being were measured by wide range of noise sources. Speech was divided into speech in open 
office, speech from adjacent rooms and speech from common facilities such as coffee rooms. No 
difference was made between in person conversations or telephone conversations. Besides the common 
noise sources as speech and phone ringing, they added sources such as ventilation noise, noise from 
your own computer, noise from office equipment, radio or other music, traffic on corridors, doors and 
elevator and sounds made by other employees working. Field and Fricke (2008) examined noise sources 
and propagation inducted air distribution systems. They indicated that the common noises found in an 
open-plan that contributed to loss of concentration include noise from copiers, air-conditioning, 
elevator sounds and occupants constantly moving around. In contrast with some other studies, 
Haapakangas et al. took also into account noise from outside the office building, including construction 
work, reparations and environmental noise. Something Sundstrom et al. (1994) also did, but they defined 
it as background noise.   

If the studies above are summarized, it seems that the following noise sources exist in office 
environments, see table 2.  
Table 2. Overview of noise sources in reviewed literature 

Noise source Subdivision Roelofsen 
(2007) 

Pan and 
Cheung Chan 
(2007)

Canada Safety 
Council 

Sundstrom
 et 

al. (1994) 

Field and 
Fricke (2008) 

Haapakangas 
et al. (2008) 

Conversations 
– Speech 

Speech in open office 
(near one’s desk) 

x x x  x x 

Speech from adjacent 
rooms 

x x x  x x 

Speech from common 
facilities, e.g. coffee 
rooms 

     x 

Speech from telephone 
conversations 

x x x x x  
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Office 
equipment 

Telephones ringing  x x x  x 
Sound of (own) PC   x x  x 
Printing rooms / fax / 
shredder 

 x x  x  

Other office equipment  x x   x 
Installations Ventilation systems, air 

conditioning, radiators, 
etc.  

 x   x x 

Background 
noise 

Music (radio or piped-in)   x x  x 
Employees moving 
through, entering or 
leaving the office 

 x x  x x 

Noise from outside the 
office building 
(environmental and 
traffic) 

   x  x 

Elevator sounds     x x 
Construction work, 
reparations 

     x 

Sounds made by other 
people working 

     x 

 

2.2.1 Speech Transmission Index and Speech Intelligibility Index  
As can be seen in table 3, one of the noise sources in office buildings is speech, both through face to 
face interactions as well as through telephone conversations. One can express the likelihood of 
disturbance by hearing (for the receiver) irrelevant conversations by means of the so-called Speech 
Transmission Index or STI. STI is a measure for the quality of the transmission of speech in a room or 
office environment. The index measures communication channel characteristics and can have a value 
between 0 and 1. A value of 1 means that the speech is transferred completely undisturbed between the 
sender, e.g. a telephoning colleague, and the receiver, e.g. an employee who is concentrated writing a 
note. If the value is 0, this means that a maximum fusion has occurred in the sound that reaches the 
receiver. A STI value of 0.5 means roughly that 80 till 90 percent of the sound is correctly heard. However, 
it can be stated that a STI of 0.5 is as worse as a STI of 1.0. The STI is particular determined by the office 
concept, open-plan offices vs. cellular offices, and the acoustic hardness of the workplace. This depends 
on for example whether or not an acoustically absorbing ceiling has been used with low reverberation. 
In auditoriums and classrooms for example, it is the intention that even further away sitting speakers (or 
transmitters) are heard properly. Then rooms are designed for good speech intelligibility and a high STI 
(preferably higher than 0.7). In standard office work, it is preferable to limit speech intelligibility and to 
keep the STI relatively low: depending on the lay-out, the STI in offices is normally somewhere between 
0.2 and 0.7 (BBA, 2015). According to Hongisto and Venetjoki (2006) are the acoustic conditions of offices 
in the range from 0.10 and 0.65. STI 0.10 corresponds with private room office with close doors, STI 0.65 
corresponds with a typical open-plan office without adequate acoustic design. A study by Hongisto et 
al. (2005) examined the relation between performance and the speech intelligibility theory. Hongisto 
found that the performance of complex tasks are reduced by 7% when unattended speech is highly 
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intelligible (STI > 0.6), but has no effect when speech intelligibility is low (STI < 0.20). Therefore, 
Hongisto’s findings strengthen the use of the STI as an important parameter to determines the level of 
distraction, not the sound level.  

2.3 The effects of noise  
Noise affects people in many ways: it affects their health and wellbeing, their mental state, level of 
satisfaction and their performances and productivity. Oseland and Hodsman (2015) expose the effects 
from a psychological approach and distinguish three kinds of sound effects: physical, physiological and 
psychological effects. At first the physical effects of noise. A normal conversation is around 50-60 dB, 
the noise of a busy street is around 70 dB and a rock band might produce a 100 dB. The chance of 
damage to hearing usually starts at a 90 dB level (Bell et al., 1990). It might be clear that the level of 
noise in an office environment is way underneath the level that affects the physical body or affect the 
hearing.  

2.3.1 Physiological effect of noise 
According to Oseland and Hodsman (2015) the second effect of noise is the physiological effect, which 
includes that raised sound levels can cause biological changes, such as raised blood pressure, increased 
heart rate and stress. Research was concentrated on high-intensity, ambient sources, mainly focused on 
airport-impacted communities and exposure to loud noise, such as in (heavy) industries. Evans and 
Johnson (2000) were one of the first examining the effect of low-intensity noise in typical open-offices 
in relation to stress. Participants were exposed to low-intensity noise for a period of three hours. 
Although they did not report feeling greater stress at the end of three hour session, epinephrine and 
the aftereffects indicated increased stress. These aftereffects, which are indicative for diminished 
motivation, also appear to be sensitive to low-intensity office noise. Besides the knowledge about high-
intensity sound levels, Evans and Johnson proved that also low-intensity sound levels can induce 
performance and diminish task motivation. Although they expected to, they did not find any differences 
in perceived stress as a function of noise exposure. Following Evans and Johnson, Abbott (2004) found 
during a study in an office setting that noise can lead to stress, which can increase the probability of 
accidents happening in the workplace, as employees get irritated and are not able to concentrate. An 
important part of an employee’s work is to be able to perform it without any distraction. In an office 
environment, the majority of the work consists of concentrated work, which is mainly performed quietly 
because employees need time to analyze, read and write. As noise is a dominant disturbing force in 
almost any office, this can lead to employees achieving less in a given period of time, which can increase 
the workload. It is possible that this increasing workload can cause stress, which include headaches and 
nausea, and in the long-term conditions such as diabetes and elevated blood pressure (Oomen, Knowles 
& Zhao, 2008). Sengupta and Sengupta (2017) make an attempt to discuss several conceptual aspects 
of stress, including to distinguish several types of stress and how to manage and cope with them. 
Focusing on the office environment, increasing performance demands and increasing workload can 
affects an individual’s capacity to handle and perform, which may lead to mental and physical imbalance 
in the person. Given the many components that cause stress in addition to noise, organizations have to 
be aware of creating working environments that are less stressful. It affects one’s ability to concentrate 
and reduces work efficiency. After all, a less productive or stressed employee can get less work done, 
create less value for a company, has a lower contribution in meetings and is in that respect more 
expensive (Johnson, Mawson and Plum, 2014).  This could be fatal for a company’s competitiveness.  
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It can be concluded that noise influences stress and indirectly also productivity. Although, stress is an 
interesting variable to examine, it has not been included in this research. There are several reasons for 
this. First, stress is a difficult to measure variable. Stress can be measured by means of so-called stress 
hormones. These stress hormones can be detected by examining blood. This procedure is a time-
consuming and capital-intensive process, something that is not applicable to this kind of research. In 
addition, people who experience stress, in most cases do not (yet) recognize this themselves. Stress 
hormones or other stress symptoms can occur, while a person can still hold on to his or her own 
perception of not experiencing stress. Second, stress is a delicate issue. Often it is the case that 
individuals do not want to acknowledge that they experience stress. In most cases it is a difficult fact to 
accept yourself that you have to deal with stress. In today’s society it seems to be a kind of taboo that 
not everyone dares to speak open and free about this topic, despite the fact that it occurs in large 
numbers. People deny stress often for a longer time period. Third, stress is a private affair. It could be 
difficult to find respondents, because for many respondents stress is a privacy-sensitive subject and they 
refuse to cooperate in such kind of researches. Altogether this makes stress a difficult variable to 
examine, which is certainly interesting and related to the subject, but nevertheless will be excluded from 
this research. 

2.3.2 Psychological effect of noise 
The third effect sound can have a psychological effect. This relates to a change in a person’s mental well-
being due to exposure to a sound that they consider unnecessary or disturbing. Psychological effects 
are mostly revealed as annoyance and distraction, and can have an (in)direct effect on reduced 
satisfaction, productivity or (task) performances. It should be taken into account that the effects of noise 
can be interrelated. As an illustration, noise can have effect on both concentration as well as productivity. 
It is possible that these effects lead to a work overload. The increasing workload and overwhelming 
office environment results in job dissatisfaction (Roelofsen, 2007) and dissatisfaction with the overall 
environment (Balazova, 2008; Witterseh et al., 2008).  As the World Green Building Council states, a 
healthy and happy workforce is a vital component of a productive and successful business model. 
Therefore it is extra important to clarify the effects of noise on productivity and concentration in order 
to guarantee the health and happiness of the office workforce. 

The effects of noise have been studied extensively on concentration (e.g., Roelofsen, 2007; DGBC, 2015; 
Witterseh, Wyon and Claussen, 2008; Kjellberg, 1990; Waye et al., 2011; Field and Fricke, 2007; Sundstrom 
et al. 1994) and productivity (e.g., Jensen, Arens and Zagreus, 2005; Roelofsen, 2007; DGBC, 2015; 
Oseland and Burton, 2013; Witterseh, Wyon and Claussen, 2008; Kjellberg, 1990; BBA, 2015; Meijer et al., 
2009; Szalma & Hancock, 2011). These effects will be described in more detail in the following. Later the 
effect of particular sources from table 3 and their effects on individual level will be evaluated.  

Concentration 
It is relevant for various work modes to work distraction free. Distraction free means as few as possible 
interruptions by, for example, colleagues or noise. Changes in the acoustic environment, such as noise, 
can affect an individual’s concentration and cause distraction. A distraction can be seen as a break during 
a continuous work activity or as an interruption. Task switching or interruptions could be beneficial 
because they serve to refresh the mind and provide creativity and new ideas. However, a distraction can 
be related to productivity as it can have detrimental effects and negative effects on performances 
(Kjellberg, 1990; Witterseh et al., 2008). It often requires a start-up time to orient ourselves to an activity. 
In many cases, resuming work activity after a distraction involves a cognitive cost to reorient to the task 
(Gonzalez et. al, 2005). Roelofsen (2007) explains that once an employee is distracted, it appears that 



    Master thesis S.I. Steps 33 

one needs on average 10 minutes or more to get back on the same concentration level as before the 
distraction.  In addition, it takes minimal 8 minutes to get back on the same speed level as before (DGBC, 
2015). It depends on the complexity of the task how long it takes to reach the same concentration level 
as before: during multitasking at complex tasks it costs on average even 25 minutes to resume at the 
same level as before the distraction. Every noise disturbance should be seen as a switch in tasks and 
these switches form a huge and underestimated source of errors and thus loss of productivity.  
Unfortunately, in many open-plan offices there are almost constantly distractions due to, for example, 
in person and telephone conversations (Sundstrom, 1994). Aron (2016) explained that interrupting, in 
the example of phone ringing, derails our ‘train of thoughts’ in our brain. He shows that especially 
unexpected events (or distractions) cause a derail. During the experiment, all volunteers were given a 
working memory task. They were asked to hold in mind a string of letters and were then tested for recall. 
Once just before the recall test a simple, single-frequency tone was played, they were maintaining the 
letters in mind. Was this sound replaced by a birdsong segment, which is unexpected and surprising just 
like a ringing phone, the results shown that the brain system actively stop the actions and affected the 
ongoing ‘train of thoughts’, in this case to keep in mind the letters. Van den Berg (2017) also conducted 
a research about the effects of the physical work environment on concentration and interruptions. He 
found a negative relation between interruptions and productivity, since employees who get interrupted 
or distracted obtain a productivity penalty for their current task. Besides employees needed time to 
return to their previous concentration level and get back in the workflow. So while the literature is a bit 
scarce, it seems to be that noise, and especially unexpected noise, causes distractions among employees 
and thereby causes concentration losses. If a distraction, depending on the task, costs 10 to 25 minutes 
to resume, and considering that an office is full of distractions, it should be evident that unwanted noise 
sources can have an huge impact on the workforce, including unproductivity.  

Productivity 
Extensive research has been done on the impact of ambient factors in the office environment, such as 
temperature, light, air control and noise (acoustics), on productivity and performance. According to 
figure 4, it is assumed that noise has a relation with productivity of employees. Even though not all 
employees take noise as an issue, for some it results in low work productivity (Sims, 2007; Roelofsen, 
2007).  A review of the literature gives a review of what this relation actually includes. 

   

Figure 4. Relation between noise and productivity. Source: Al Horr et al. (2016) 

It is known that one of the biggest failure factors in an office environment is poor acoustics, and 
numerous research studies have proven that noise is a primary cause of reduction in productivity 
(Madsen, 2006; Abbot, 2004) or at least has a strong negative relationship with it (Roelofsen, 2007; 
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Oommen, 2009). There are numerous factors that affect the relation between noise and productivity, 
such as the lay-out and location within the office. Jensen, Arens & Zagreus (2005) found in a study, 
including 23.450 respondents from 142 buildings, that 50 percent of the employees in private rooms 
mentioned that acoustics interferer with their daily work activities. In addition, 30 percent of the private 
rooms occupants felt that acoustics influenced their productivity. Also Meijer et al. (2009) examine in a 
research the transition from cellular offices to open- plan offices. They found a significant effect of noise 
on productivity loss. In a time period of 15 months, the objectively measured total work output 
decreased with 4.7 percent. It seems to be that employees in a noisy environment are less productive 
compared to employees in more quiet conditions. 

Generally, employee performances and productivity are used interchangeably in the literature, which 
creates confusion. Productivity is used as the term performance and vice versa. Productivity in a 
manufacturing sense is commonly used as a ratio of input to output (Antikainen & Lönnqvist, 2006). 
However, in office environments of knowledge intensive corporates this definition is less applicable, 
because the input and output is far less tangible and hard to define (Haynes, 2007a). In addition, there 
is no clear definition for the term performance, even though the difference with productivity should be 
clear (Bakker, 2014). Performance is on an organizational level, while productivity is measured on an 
individual level (Haynes, 2007; Johnson, Mawson and Plum, 2014). 

Depending on the nature of work an employee performs, productivity can thus be determined in several 
ways. As performances are mostly focused on the level of the whole organization and this study aims to 
focus on individuals perceptions of noise, is it productivity which will be taken into account. If there is 
referred to one particular task, such as proof reading or a mathematical task, it will be defined as task 
performance. There are also various methods and techniques to measure office productivity, although 
still none is universally accepted (Haynes, 2007; Johnson, Mawson and Plum, 2014). This research will 
focus on the perceived dimension of noise and will therefore measure perceived productivity rather than 
actual productivity.  

Although there is evidence for a negative relationship between productivity and noise, it sometimes 
remains difficult to make this relation tangible and weigh the effect of noise. Therefore some studies 
tried to quantify the effects. Oseland and Burton (2012) performed a literature review of studies showing 
a significant impact on productivity from ambient factors, such as temperature, light and noise 
(acoustics). They conducted a meta-analysis, including 21 studies exploring the impact of noise. They 
found, after noise was reduced, an average increase in productivity of 27.8 percent. After revision of the 
results, they concluded that the weighted effect of noise on productivity in an office environment is 1.7 
percent. This percentage appears to be low, but a report published by the British Council for Offices 
(Richards et al., 2014) suggest that ‘a 1% improvement in productivity swaps utility costs’. In addition it is 
estimated that an improvement in productivity of just 5% may cover annual property costs. In line with 
Oseland and Burton, Binnenmilieu BV Onderzoek & Advies (2015) tried also to quantify the effects of 
thermal indoor climate, indoor air quality, acoustic and light on the productivity of office workers. They 
go a step further and subdivide several noise sources and their effect on productivity as is shown in table 
3.  
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Table 3. Quantification productivity‐effect of noise.  Source: BBA (2015) 

Indicator Characteristics Productivity-
effect 

Meaningful noise 1 and 2 person rooms (STI* <0.2) 0 % 
3 till 6 person rooms (STI* <0.2) -3 % 
Open-plan offices & acoustic decent 
damping rooms (STI** 0.3 – 0.4) 

-4 % 

Open-plan offices & acoustic worse damping 
rooms (STI** > 0.6) 

-7 % 

Non-meaningful noise Background noise due to installations and 
noise from outside the office building*** (< 
35 dB total) 

0 % 

Background noise due to installations and 
noise from outside the office building (35 – 
40 dB in total) 

-1 % 

Background noise due to installations and 
noise from outside the office building (40 – 
45 dB in total) 

- 1,5 % 

Background noise due to installations and 
noise from outside the office building (> 45 
dB in total) 

- 2,5 % 

* STI between rooms themselves  

** STI within the room (between workplaces themselves, within the same room) 

*** with closed windows 

 

Meaningful sounds are sounds such as intangible, non-functional (telephone) conversations of 
colleagues. Non-meaningful sounds are sounds like ventilation system sounds or traffic sounds from 
outside the office building. It appears that when sounds are meaningful in the office environment, they 
have a big influence on productivity, up to 7 percent. Non- meaningful background noise as e.g. climate 
installations or audible traffic sounds due to not optimally insulated facades have less influence on 
productivity (Szalma and Hanckock, 2011; Waye et al. 2001). The influence of non-meaningful noise is 
less well examined compared to meaningful noise. Due to studies such as Szalma and Hancock (2011), 
BBA (2015) was able to make estimations on the performance effects: non-meaningful noise is three 
times less intense compared to meaningful noise. 

2.3.3 The effect of particular noise sources  
Section 2.2 (table 3) shows various sources of noise that can be heard in an average office. Some of these 
specific noise sources and their effects on individual task performance have been examined. Many of 
these studies focus on the effects of speech on for example typical office tasks such as reading and 
typing. However, not all noise sources in table 3 have been studied as many as speech. In the following, 
literature is reviewed about the effects of the noise sources speech and telephone individual task 
performances. 
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Speech 
As is stated in section 2.2.1 and above, it is not the level of speech that has effect on the employee, it is 
the speech intelligibility that causes distractions and other complaints among workforces. Speech can 
occur in various ways in the office environment, such as speech in open offices, speech from adjacent 
rooms, speech from common facilities and speech from telephone conversations. It is possible that 
conversations nearby a desk have a higher intelligibility compared to conversations in adjacent rooms 
or at facilities. Therefore it should be taken into account that speech and intelligible speech both have 
an effect on performances, but with different outcomes. It is possible that speech whereby not all speech 
information is audible has much less effect compared to intelligible speech. Jones et al. (1990) found, 
for example, that in the range of 50 – 70 dB, speech effect on the performance of reading tasks were 
dependent on whether the speech was meaningful and independent of the noise level. Among others, 
Knez and Hygge (2002) confirmed that the effect of speech on noise is due to the presence of intelligible 
speech that interferes with performance tasks in general and might interfere with word processing even 
more. They executed a research specific on the effects of conversations on office workers. Results show 
four big improvements occur when conversational noise is reduced. First, the ability of office workers to 
focus on tasks improved by 48%. Second, conversational distractions decreased by 5%. Third, 
performance of tasks relating to memory and accuracy improved by 10%. At last, the actual physical 
symptoms of stress such as high blood pressure and increased heart rate were reduced by 27%. 

Hongisto (2005) and Venetjoki et al. (2006) tried to summarize several studies to quantify the relation 
between speech in general, productivity and task performance: 

 Under influence of speech sound, the productivity of the working memory decreases with 9-
29%; 

 Under influence of speech sound, receptive reading during text reading decreases with 10%; 
 Under the influence of speech sound, 7-10% fewer errors are detected in a text; 
 Under influence of speech sound, mental arithmetic and prose memorizing is 7-29% more 

difficult; 
 Office sound (with or without speech) that fluctuates enough in sound level, reduces productivity 

with 13-40%. 

It could be acknowledged that speech, and in particular intelligible speech, has a negative impact on 
productivity and task performances. Employees which are affected by intelligible speech have a decrease 
in working memory and receptive reading, detect fewer errors, have more difficulties with memorizing 
and have a reduced productivity. In other terms, typical office tasks are negatively influenced by 
intelligible speech.  

Telephones 
Besides speech that occur when employees have conversations through the phone, there is also noise 
produced before this conversation starts, as telephones are ringing. Mouri, Akiyama and Ando (2001) 
undertook a study in Japan where they examined the relation between the noise of a telephone ringing 
and mental tasks which were typically in an office environment. In this study, participants had to 
complete an adding and a drawing task. Results show that both were performed better when there was 
no telephone ringing. This is perhaps an indication of the effect of noise (from a ringing telephone) on 
cognitive performance.  
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2.4 Conclusion   
Within Chapter 2, the first sub question has been answered: ‘What causes noise in the office environment 
and what are noise characteristics? The second sub question, ‘What is the relation between noise and 
productivity?’, has also been answered. An overview of the conceptual model is added in figure 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the first sub question we know that noise can occur in various quantifications, divided into four 
categories: conversations – speech, office equipment, installations and background noise. In case of 
conversations – speech, it is not the level of speech that has effect on concentration and productivity, 
but it is the speech intelligibility that affects these working conditions. However, in the case of office 
equipment, installations and background noise it is assumed that the level of decibels has an effect on 
concentration and productivity.  

Noise has a negative effect on productivity as it is the primary cause of reduction in work productivity 
or at least has a strong relationship with it, regardless of the office type the employee is working in. 
Noise not only has a negative effect on productivity in its broadest sense, but can also have an effect on 
a particular task, such as text reading or typing. Under the influence of noise, employees can process 
fewer words an make significantly more errors during typing. Employees who are affected by intelligible 
speech have a decrease in working memory and receptive reading, detect fewer errors, have more 
difficulties with memorizing and have a reduced productivity. In other terms, typical office tasks are 
negatively influenced by intelligible speech. Another noise source, such as a ringing telephone, appear 
to have a negative effect on cognitive performances, which indirectly affects an employee’s productivity.   

Noise can also affect an employee’s concentration and cause distraction. As task switching or 
interruptions could be beneficial because they serve to refresh the mind and provide creativity and new 

Noise 
Conversations  

Intelligible speech conversations (near one’s desk) 
Intelligible speech conversations in adjacent rooms 
Intelligible speech conversations   at common facilities, e.g. coffee rooms 
Intelligible telephone conversation 
Unintelligible background conversations 

Office equipment  
Telephones ringing 
Printing rooms / fax / shredder / coffee machine 

Installations  
Ventilation systems 
Air conditioning 

Background noise  
Music (radio or piped-in) 
People passing-by, entering or leaving the office 
Noise from outside the office building 
Sounds of a particular colleague 
 

Perceived  productivity 

Figure 5. Conceptual model including variables noise and perceived productivity 
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ideas, a distraction can have detrimental and negative effects on productivity. It often requires a start-
up time between 10 to 25 minutes to orient ourselves to an activity. Unfortunately, in many open-plan 
offices there are almost constantly distractions due to various noise sources, such as conversations, office 
equipment or other background noise. These noise sources cause concentration loss which have as a 
consequence that employees are less efficient in their working time, get less work completed and thus 
are less productive. Therefore these noise sources indirectly have a negative effect on productivity.  

In chapter 2 the variables concentration and productivity are described and discussed separately. 
However, in practice it will often be the same when it comes to perceived concentration and productivity. 
In other words, someone will evaluate the effects of noise on perceived concentration the same as the 
effects of noise on perceived productivity, because perceived concentration and productivity are hard 
to distinguish for a respondent. Examining both variables separately will produce approximately the 
same results. Therefore it has little added value to include the two variables in the same model. That is 
why it is decided to only add ‘perceived productivity’ to the conceptual model, see figure 5. The overview 
in table 4 shows that concentration and productivity have been investigated together in previous studies. 
Roelofsen (2007) and DGBC (2015) speak of concentration or the ability to perform, which in many cases 
is the same and is used interchangeably. The loss in concentration is accompanied with the loss in ability 
to perform. Waye et al. (2001) conducted a research a couple of years earlier and concluded that there 
was a correlation between concentration and productivity, which proves once again that the two 
variables have the same result.  

The decision to choose productivity as outcome, instead of examining other outcomes related to noise 
has several reasons. Noise has several outcomes, some of which have already been discussed in Chapter 
2, including stress, reduced satisfaction, decrease in concentration and productivity and the negative 
influence on individual task performance and overall performance. In the case of perception, not all of 
these outcomes can be assessed equally well, for example as already has been discussed for stress. But 
also self-perceived individual task performance is difficult to measure. Besides, the overall performance 
(usually defined as output of an entire organization) is hard to measure on an individual level. 
Additionally, health and wellbeing in offices and the ability to perform optimal are considered more and 
more important. In a shifting economy where knowledge is becoming increasingly important, it is 
essential that employees can be as productive as possible in the most optimal environment. This, 
combined with the fact that several studies have been conducted on satisfaction and specific perceived 
productivity is less well examined, were the main reasons for choosing the effect of noise on this self-
perceived outcome (productivity) over researching other effects of noise.  
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CH3. Coping strategies and behavior related to noise 
In order to analyze the coping strategies and behavior which is related to noise, it is important to know 
which possible strategies and behavior can occur in the office environment when employees are 
suffering from several noise sources. The information in this chapter is extracted from academic papers 
and research, completed with business reports. The results of this literature review provide information 
for sub question three, ‘which coping strategies occur when certain noise sources affect perceived 
productivity of employees?’, and sub question four, ‘what are the effects of different coping strategies 
on perceived productivity?’. The chapter starts with paragraph 3.1, which explains coping behavior in a 
general sense. Additionally, section 3.1.1 explains how the acoustic design can contribute to coping with 
noise. However, section 3.1.2. describes what happens when an acoustic design fails to prevent noise 
and employees start to cope with noise. The chapter ends with a conclusion and a more extensive 
conceptual model. 
 

3.1 Coping behavior 
Coping behavior is a well-known definition in psychology. The term coping generally refers to the way 
someone adapts to stress or problems. It concerns dealing with stressors or problems in someone’s 
surrounding environment(s) in order to minimize, tolerate or master stress and conflicts (Weiten and 
Lloyd, 2008) or as Arya (2017) states ‘’person’s conscious efforts to solve personal and interpersonal 
problems’’. Lazarus and Folkman (1984) defined coping as ‘’things that need effort and are thought about’’. 
They conceptualized coping and introduced some helpful theoretical concepts that informed people on 
the way to adapt to stressors. The psychological coping mechanisms are generally defined as coping 
strategies or coping skills. These are strategies or skills how to deal with stressful circumstances or 
conflicts. With positive coping strategies, people try to reduce stress effectively without any future 
backlash. When stressful circumstances occur, persons try to develop strategies to manage and deal with 
these circumstances. This is called coping behavior (Arya, 2017). The term coping commonly refers to 
adaptive or reactive coping strategies: the coping response which follows the stressor. It focuses on 
trying to control pain or stress, or to function despite the pain or stress. However, according to Arya 
(2017) there is also proactive coping, in which future stressors are aimed to be neutralized. It refers to 
withdrawing and surrendering control over pain. In other contrast, coping strategies can also cause 
maladaptive behavior, which increases stress or pain.  
 
Besides reactive and proactive strategies, there are various types of coping strategies which are 
conceptualized and can be distinguished: 
- Approach and avoidance: Approach coping strategies include engaging with the pain and its causes, 
such as manage to response to a stressors or seeking for treatment. Avoidance coping strategies refer 
to strategies of engaging efforts away from pain or stress, such as ignoring the pain or attempting to 
avoid increasing stress (Reid, Gilbert & McGrath, 1998). 
- Emotion-focused and problem-focused: If someone sees pain or stress as a threat, he or she 
magnifies the view as a potential harm or loss and produces a (negative) emotional reaction or response. 
This is closely related to vulnerability and leads to emotion-focused coping strategies. However, if 
someone sees pain as a challenge, this can lead to problem-focused coping strategies, which refers to 
adaptive behavior as it tries to reduce or eliminate stressors. People try to find information about the 
problem and learn new skills to manage it (Dysvik, Natvig, Eikeland & Lindstrom, 2005). In addition, Ayra 
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(2017) adds that some mechanisms of emotion-focused coping can have mitigating outcomes for a 
short period of time, but can be prejudicial over an extended time period.  
- Appraisal-focused: Appraisal focus strategies occur when people modify the way they think. They 
change the way they think about a problem by altering their values and goals (Worell, 2001). 
 
Coping describes all the different aspects people do to manage and reduce the results of stressors, 
issues, problems, pain or difficult circumstances that occur. People with good coping skills tend to have 
better adjustment in life. People with positive coping behavior are better motivated, are able to push 
through, can successfully tackle challenges, are more likely to achieve goals, have better sleeping patters 
and have better physical and psychological health (Ayra, 2017). People use a mixture of various types of 
coping strategies, which can change over time. All these methods can be useful, but every circumstance 
requires a different strategy. Every individual experiences different levels of stress. It may be self-evident 
that the effectiveness and way of coping depends on various factors, such as the type of stress, the 
circumstances or environment and personality. Although researches conclude similar themes 
throughout the coping research, there has been a debate about the terms used to define the coping 
strategies. Different researches use slightly different definitions and terminology, but there appears a 
common thread in the research. This research hold the terminology which is used most often: the 
approach and avoidance method.  
 
It seems that it is difficult to describe what is the proper or the wrong way to cope with various 
circumstances. Depending on the coping strength and skills of various groups, different strategies will 
work well for one group, but will have maladaptive effects for others. This also applies for employees in 
the office environment. Every worker experiences different levels of stress, or in this case noise. The 
effectiveness of the coping strategies is for every individual different, and is likely to be related to 
personality and the subjective judgement of noise. In the following section several aspects of coping 
behavior in the workplace environment will be explained. But first, the way in which acoustic design can 
contribute to coping will be discussed.  
 

3.1.2 Coping with noise in acoustic design 
One of the strategies to cope with bad acoustics, is to change the acoustical office environment. It is 
possible that acoustic designers take measures to cope with noise problems in the office environment. 
It might even that after completion of an office environment a management decides to take action to 
solve the problem(s) of noise in the workplace.  
 
Methods for coping with and solving acoustic problems can be summarized with the ‘ABC’ (Madsen, 
2006): 

 A – Absorb – Describes the level of absorption of sound waves by suitable materials. 
 B – Block – Describes the alteration of the sound path through the space by using screens, walls, 

panels, et cetera.  
 C – Cover – Describes the use of a system which produces background sounds such as speech 

privacy systems, sound masking and white noise systems. 
 
If an acoustic designer fails to improve the acoustics in an office environment, or if a corporate manager 
decides not to improve the bad acoustics for whatever reason, it can happen that employees come up 
with coping strategies themselves. This is when coping behavior related to noise arises. 
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3.1.3 Coping behavior related to noise 
Banburry and Berry (2005) assessed a subjective study of distraction from several office sounds among 
employees at different sites. They examined if the amount of noise exposure on workers had any 
habituation effect, the ability of workers to get used to noise. 99% of the participants reported that their 
concentration was impaired by various sources of office noise, mainly due to telephones ringing on 
unoccupied desks and conversations on the background. The study also found evidence that employees 
are unable to habituate to noise in the office environment over time. It seems that this noise is a problem 
for employees, which does not improve over time. The results of this study prove that coping behavior 
is necessary to deal with office noise, because habituation does not occur. 

Leventhall (2003) state in his research that there are a number of gaps in our knowledge of low frequency 
noise. We do know that the problem of noise in office environments is fairly wide and on an international 
scale. As he said: ‘’It is no longer necessary to ‘’make a case’’ for work on low frequency noise, but the 
direction of the work should be chosen to maximize benefit to the sufferers’’. One of the main areas for 
further research is the development of personal coping strategies. As is discussed in previous section, it 
is not simple to create one or two coping strategies, that is beneficial to a large group of employees, 
because of the various factors that affect the coping strength of an individual. According to Leventhall 
(2003), extended research could be done on various recommended strategies for management of low 
frequency noise problems and how managers could consult with several strategies. 

However, after the publication of the paper of Leventhall, several studies tried to examined coping 
strategies related to noise. Kaarlela-Tuomaala et al. (2009) examined the effects of the acoustic 
environment on work in private office rooms and open-plan offices. The aim of this research was to 
determine how the perceived acoustic environment and its effects deviated in private office rooms and 
open-plan offices. They found that when negative effects of the acoustic environment increased 
significantly, such as increased distraction, reduced privacy and increased concentration difficulties, the 
use of coping strategies increased. Employees may try to compensate for the distraction and disruption 
created by various factors in the office environment. Workers can change their strategy of doing a task, 
or behave differently at the workplace to compensate for the disruptive factors that decrease their ability 
to perform.  To compensate, employees can apply coping strategies, such as interrupting work or taking 
work home. Besides, one may also try to affect the disruptive factor(s) by submitting a proposal to the 
management for an improvement. It may be clear that these compensations and some of the coping 
strategies affect an employee’s productivity. Kaarlela-Tuomaala et al. (2009) found that workers who 
experienced their work as more demanding, intended to use more coping strategies. Moreover females 
were using more coping factors compared to males, because they were more noise-sensitive and 
disturbed by noise. Although there was a strong increase in the use of comping strategies, the level of 
negative feelings did not change, as they still felt irritated, stressed and dissatisfied. Results showed that 
with the increase of coping strategies among employees, workers made an even greater effort because 
of the noise, for example by working more overtime or working more slowly. They also questioned in 
which way employees cope with their work because of the sound in the office environment, including 
the following ways to respond: 

 Discussed the noise problem with colleagues 
 Made an even greater effort 
 Put the work off till another time  
 Done their work more slowly than usual 
 Put on some music or earphones 
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 Interrupted their work or left their desk 
 Tried to be quieter in the hope that colleagues did the same 
 Changed their work station or did the work home 
 Made a proposal to management to improve the acoustic conditions 
 Used earplugs or hearing protectors.  

 

Some of the strategies above are combined, for example interrupted their work or left their desk. Interrupt 
your work or leave your desk are two different ways of coping with noise. In some situations, it could be 
that an employee would leave his or her desk, while in other situations he or she would interrupt his or 
her work, but would not leave his or her desk. Therefore this coping strategy is in the conceptual model, 
which will be discussed in section 3.2, divided into interrupt your work and change your workstation or 
location. To clarify the difference between some coping strategies, some strategies are described in more 
detail. To illustrate, the coping strategies put work off till another time and interrupt your work could be 
seen as the same coping strategy. That is why to the latter strategy has been added seek some distraction 
and resume your work afterwards. This ensures that the respondents could see the difference between 
the two strategies. At last it is worth mentioning that the coping strategy do nothing is added to the 
conceptual model. Do nothing and ‘accept’ the noise conditions is one way to handle the noise and 
therefore a coping strategy that will be measured during the survey.  

In line with the research of Kaarlela-Tuomaala et al. Oseland and Hodsman (2015) conducted a research 
with a psychological approach to resolving office noise distractions. In their research they examined also 
the effects of noise on performances. During the research, the effect of ability to prevent interruptions 
due to preventive coping tactics was measured. Participants in the research of Oseland and Hodsman 
that had the opportunity to prevent interruptions reported significantly less stress compared to those 
who could not. Carton and Aiello (2009) argue that individuals with knowledge that they could be 
exposed to interruptions have the ability to use preventive coping tactics to minimize disruption and 
frustration when the interruptions occur. From an office perspective, it can be seen that employees do 
not actually need to prevent interruptions from happening in order to benefit, but simply believing they 
can prevent interruptions has already an effect. In addition, Oseland and Hodsman (2015) state that 
employees who are able to anticipate on interruptions, can deploy preventive coping skills to minimize 
disruptions and frustrations as distractions occur. Among others, Oseland (2012) states that some 
personality types are better skilled at coping with noise compared to others. In particular people who 
are predominantly extrovert are coping better with noise than those who are more introverted. Although 
Oseland and Hodsman (2015) examined the relation between noise and coping behavior, they did not 
succeed yet to define various types of coping behavior, like Kaarlela-Tuomaala et al. (2015) did. Although 
it can be concluded that, since the acknowledgement of Leventhall in 2003, hardly any research 
succeeded in adding new evidence in the field of personal coping strategies.  

The several coping behaviors to noise can be divided into the four coping types. It is possible that a 
coping behavior matches various coping types, as is shown in table 4. Coping strategies 1, 2, 4, 7 and 9 
are based on managing to response to noise or seeking for treatment to noise and therefore an 
approach coping strategy. Coping strategies 3, 5, 6, 8 and 10 are based on engaging efforts away from 
the noise or attempts to ignore the noise and therefore an avoidance coping strategy. The strategies 
can also be divided into emotion focused and problem focused strategies. Coping strategies 3, 5, 6, 8 
and 10 are strategies where someone produces a (negative) emotional reaction or response against the 
noise and thus an emotion focused strategy. Coping strategies 1, 5, 6, 8, 9 and 10 are problem focused 
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strategies because in these strategies someone tries to reduce or eliminate noise, or try to find new 
information or skills to manage with noise.   
Table 4.  Personal coping strategies that can possible occur in the office environment. 

 

In this stadium of the research it is also important to demarcate during which activities at work the effects 
of noise on coping behavior and perceived productivity are analyzed. To do so, input from the annual 
surveys of Leesman (2017) has been used. Besides the most important physical features, Leesman 
collects data from important work activities. The results show that individual focused work, desk based 
is the most important activity based on volume. Figure 6 shows that 93% of the respondents says it is 
important to them in their work. And not only is it important to most of them, the data also shows that 
individual, concentrative activities actually have a bigger impact on whether or not office works feel that 
their workplace enables them to work productively. This fact is confirmed by research by Evans, Johnson 
and Abbott (2004) who state that the majority of work in the office environment consists of concentrated 
work. From now on, the effects of noise will be seen in perspective of individual focused work, desk 
based. In other words, the effects of noise on perceived productivity during individual focused work, 
desk based will be examined. Additionally, which coping behavior will occur when office workers are 
disturbed by various noise sources during their individual focused work, desk based will be examined. 

Personal coping strategies to noise Approach 
coping 

strategy 

Avoidance 
coping 

strategy 

 
 

Emotion 
focused 
strategy 

Problem 
focused 
strategy 

1. Discussed the noise problem with 
colleagues 

X    X 

2. Made an even greater effort  X  X  
3. Put the work off till another time   X   X 
4. Done their work more slowly than 
usual 

 X  X  

5. Put on some music or earphones X    X 
6. Interrupted their work or left their 
desk 

 X   X 

7. Tried to be quieter in the hope that 
colleagues did the same 

 X  X  

8. Changed your work station or did 
the work home 

X    X 

9. Made a proposal to management 
to improve the acoustic conditions 

X    X 

10. Used earplugs or hearing 
protectors. 

X    X 
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Figure 6. Most important work activities according to Leesman (2017) 

3.2 Conclusion 
With the information described and specified in Chapter 3, it is known which coping strategies can 
possible occur in the office environment when employees are suffering from various noise sources. These 
different personal coping strategies are displayed in table 6 and are also added to the conceptual model 
in figure 6. After the data collection it can be analyzed which coping strategies occur when certain noise 
sources affect employees’ perceived productivity and what the effects are of different coping strategies 
on perceived productivity. With these results, sub question three and four can be answered: 

‘’Which coping strategies occur when certain noise sources affect perceived productivity of employees?’’ 

‘’What are the effects of different coping strategies on perceived productivity?’’ 

In section 3.1.3 various coping strategies are distinguished as described and specified in the literature. 
Some of the coping strategies are divided or specified in more detail to ensure that the difference could 
see the difference between the strategies As a result, 10 coping strategies are added to the conceptual 
model, which is displayed in figure 7. These can be divided into approach coping strategies, including 
discussed the noise problem with colleagues, put on some music or earphones, continue work at home, 
change your desk, make a proposal to the management to improve the acoustic conditions and use of 
earplugs/ ear protectors. The avoiding coping strategies including the strategies make even a greater 
effort, put work off, do your work more slowly, interrupt work, try to be more quiet and do nothing.  
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Noise 
Conversations  

Intelligible speech conversations (near one’s desk) 
Intelligible speech conversations in adjacent rooms 
Intelligible speech conversations   at common facilities, e.g. coffee rooms 
Intelligible telephone conversation 
Unintelligible background conversations 

Office equipment  
Telephones ringing 
Printing rooms / fax / shredder / coffee machine 

Installations  
Ventilation systems 
Air conditioning 

Background noise  
Music (radio or piped-in) 
People passing-by, entering or leaving the office 
Noise from outside the office building 
Sounds of a particular colleague  
 

Perceived productivity 

Coping behavior 
Coping strategies 

- Discus the noise problem with colleagues 
- Make an even greater effort 
- Put the work off till another time 
- Do your work more slowly than usual 
- Put on some music or earphones 
- Interrupt your work,  seek some distraction and 

resume your work afterwards 
- Change your workstation or location 
- Tried to be quieter in the hope that colleagues did 

the same 
- Do your work at home 
- Make a proposal to management to improve the 

acoustic conditions 
- Use earplugs or hearing protectors.  
- Do nothing 

 

Figure 7. Conceptual model including variables noise, perceived productivity and coping behavior 
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CH4. Noise and personal characteristics  
As is already stated in section 2.1, noise is a subjective judgement as noise may lead to different 
responses to each individual. What may be a pleasant sound to one person, may be noise to another. 
An obvious reason is to assume that people differ and therefore are not all satisfied by the same 
conditions. Not only environmental conditions, including task, time and place, influence the perception 
of noise. There may also be other factors, such as personal characteristics, that play an important role in 
someone’s perception of noise. This goes beyond gender and age and includes characteristics as 
extraversion and neuroticism. This chapter will explain the effects of several personal characteristics in 
relation to noise. First, section 4.1 describes the possible effects of gender and age. Paragraph 4.2 will 
dive deeper in the personality types, such as neuroticism, extraversion and introversion. The chapter 
ends with a conclusion and the final conceptual model.  
 

4.1 Gender and age 
A variety of studies tried to clarify if women or men are more sensitive to noise. Kaarlela et al. (2009) 
state that the possible difference between genders in work performance and well-being should not be 
neglected in the office environment, as women are significantly more sensitive and more disturbed by 
noise. Rogers et al. (2003) conducted a research on the influence of listener’s gender on the acceptance 
of background noise. The results indicate that the acceptance of background noise of males is 6 dB 
higher compared to females, thus males accepted higher levels of background noise in this research. 
Bodin Danielsson et al. (2015) compared the traditional open-plan offices with modern offices including 
additional workspaces. Although he suggested that workers in open-plan offices are more disturbed by 
noise than employees in other environments, they found this difference only among women. However, 
it is not self-evident that women are always more affected by noise compared to men. Although Arlene 
Taylor (n.d.) states that males have less acute hearing than females and this hearing difference only 
becomes more pronounced throughout life, there are also studies who prove that there is no difference 
found between genders in satisfaction with acoustics.  In fact, men ranked acoustic conditions as more 
important compared to women (Choi, Aziz and Loftness, 2009). 
 

It seems plausible to state that the older someone gets, the less he or she perceives noise due to hearing 
loss. However, the relation between age, hearing loss and noise perception is quite more complex and 
difficult. The term which commonly is used to describe the effects of hearing loss and age is presbycusis, 
which refers to changes in cell structure as someone becomes older (Glorig and Nixon, 1962). Besides 
the discussion if someone can or cannot hear a particular sound sources, there is the fact that older 
adults show poorer inhibitory ability than younger adults and capable to distractions (Connelly, Hasher 
& Zacks, 1991; Hartman and Hasher, 1991). Undoubtedly age affects these changes, but the 
environmental influences in relation with hearing loss are way more difficult to quantify. An ear is no 
time in life free of environmental influences, therefore we cannot measure the effect of presbycusis in 
relation to age. Simply because there are no populations in quiet environments during their whole 
lifetime. One of the factors that has an huge impact on hearing loss, besides presbycusis, is noise-
induced hearing loss (NIHL). NIHL occurs at a one-time or continuous exposure to intense or loud sounds 
(NIDCD, n.d.). NIHL will one not incur in an office environment, but can occur in other environmental 
conditions. Although, older people have more possibilities or risks to face NIHL because they have a 
longer timer period to be exposed to continuous loud noise, it is not self-evident. Younger people can 
also have NIHL as they are often listening piped-in music which is too loud, visit festivals and concerts 
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where music is played too loud, etc. Besides the age and environmental factors, can cause stress high 
blood pressure and diabetes, which can also cause hearing loss. All these factors make it hard to 
distinguish age-related hearing loss and hearing loss from other reasons. 
 

4.2 Big Five Personality traits 
The theorem of the Big Five personality traits, or Five Factor Model (FFM), is a model that consists of five 
dimensions of characteristics, or the personality, of an individual that can be described. The five factors 
or personality traits in this theory have been defined as conscientiousness, agreeableness, neuroticism, 
openness to experience and extraversion. The five factors are shown in figure 8 and are often 
represented by the acronyms CANOE or OCEAN.  Two of the factors, including neuroticism and 
extraversion, have been studied in relation to the perception of noise. They will be discussed in the 
following section.  

 
Figure 8. Big Five Personality traits 

4.2.1  Extraversion 
Extraversion refers to people that are highly aware of what is going on around them and causes direct 
energy and attention towards people and objects outside them. Meanwhile, introversion is when people 
have an inward turning tendency that makes one sensitive to their own feelings and experiences, causing 
direct efforts to understand these feelings and experiences (Belojevic, Slepcevic and Jakovljevic, 2003). 
Several studies have shown that the tolerance and preference of noise levels differ among extroverts 
and introverts. Those who are classified as extroverts have a higher optimum arousal threshold 
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compared to introverts (see figure 9), whereby extroverts tend to seek arousal or stimulating situations 
(Oseland and Hodsman, 2015). 

 

Figure 9.  Relation between level of arousal and performance among extroverts and introverts (Oseland and Hodsman, 
2015). 

Morgenstern, Hodgson and Law (1974) performed a laboratory-based study, where they conclude that 
extroverts performed better during distractions than they did in silence. On the other hand, introverts 
showed a decline in performance under the same circumstances. In line with this research, Standing, 
Lynn and Moxness (1990) found that extroverts and introverts performed equally well in silence, but 
during noise conditions (at 60 db) extroverts proved to perform on a continuous level, while the 
performance of the introverts decreased. Also Belojevic, Slepcevic and Jakovljevic (2001) found that 
extroverted students performed significantly faster in noisy conditions at 88 dB, compared to introvert 
students, who were also facing more concentration and tiredness issues. Geen (1984) found an 
explanation why extroverts could be more resistant to noise. In a series of experiments he allowed the 
participants to adjust the level of background noise to an optimum. He discovered that during a learning 
task, extroverts selected higher sound levels. The results showed that the heart rate of introverts 
increased as noise increased, while that of extroverts did not. More recently, Alimohammadi et al. (2013) 
compared concentration and attention in quiet conditions and under traffic noise (71 dB). Among 
extroverts their speed performance of the task during the traffic noise conditions increased, while no 
significant difference was found in introverts. In conclusion, the results can be summarized as follows, 
see table 5: 
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Table 5. Overview of task performance among different noise levels 

Personality Task Quiet Loud 
Introvert Simple 

 
Complex 

 
Extrovert Simple 

 
Complex 

 
 

The impact of noise on performance among extroverts has also been observed outside a laboratory 
setting. Campbell and Hawley (1982) demonstrated that when introverts and extroverts studying in a 
library, extroverts were significantly more likely to choose a workstation in noisy areas, while introverts 
were more likely to avoid these places to work. Mehrabian (1977) with empirical evidence that confirmed 
that the severity of employees’ reactions differs from person to person. He made a distinction between 
screeners and nonscreeners. The screeners are those who effectively reduce overstimulation by focusing 
to information on a priority based. On the opposite are the nonscreeners who do not, or cannot, 
effectively block excessive stimulation and tend to become over aroused and overstimulated. Consistent 
with Mehrabian’s hypothesis, screeners could be seen as more extroverted personality types and thus 
are less affected by crowing and spatial density, compared to the nonscreeners, who seems to be more 
introverted personality types (Baum, Calesnick, Davis and Gatchel, 1982; Mehrabian, 1977). 

It may be assumed that, although these studies are not performed in office environments, extrovert 
employees could perceive noise differently in offices compared to introverts. The situation of the library 
as Campbell and Hawley (1982) demonstrated is comparable to a quiet office. The scale of the problem 
becomes clear as Cain (2012) state that one-third to half of the population are introverts. Although up 
to 50 percent of our workforce cannot work optimally in a noisy open-plan office, this is the most used 
office concept has to adapt and perform to maximize their productivity. Extroverts and introvert are 
possible not only perceive the noise differently, but could also have different coping behavior. Therefore 
it seems to be important to take this personal characteristic into account during the questionnaire.  

4.2.2 Neuroticism  
Neuroticism is a personality trait whereby individuals are more likely to be pettish and to experience 
such feelings as anger, frustration, fear, jealously, depressed mood, worry and anxiety (Thompson, 2008). 
It is often expressed in self-oriented thoughts, anxiety and worry, each of which act as a distractor from 
memorizing and learning.  Neuroticism has been related to a worse respond to stressors than average. 
As noise is one of the stressors in the physical work environment, this can cause problems. Ohrstom et 
al. (1988) pointed out that neuroticism has a positive correlation with subjective sensitivity and 
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annoyance during noise exposure. Kryter (1970) and Matthews et al. (2004) state that the performances 
of neurotic personalities are more affected by noise compared to non-neurotic personalities. Kryter 
(1970) explains that neurotic people perform tasks relatively poorly as they are contingent upon the 
aversive noise. Matthews et al. (2004) suggest that for individuals with neurotic and anxious personality 
types performances are decreased by noise because the noise reduced the attention of the working 
memory, due to distraction. In addition, Cohen et al. (1996) pointed out that anxious and introvert 
personalities in vigilance tasks are more adversely affected by noise compared to better adjusted 
personalities. Also in more complex mental tasks such as learning prose (Nurmi and von Wright, 1983) 
or retrieval from semantic memory (von Wright and Vauras, 1980), neurotic personality types were 
outperformed by emotionally stable individuals during noisy conditions. Belojevic et al. (2003) could not 
explain these results in a simple way. They conclude that neurotic persons might be more even in 
performances under bigger extents of arousal. Thereby they state that the crucial level of arousal by 
noise among neurotic persons could be more easily reached compared to other personality types. 
Additionally the unfavorable factors for neurotics, such as anxious and worry, could possibly be 
preventing them from coping successfully with noise.  
 
In conclusion, it is plausible that people with more neurotic personalities or factors are more affected by 
sources of unwanted sounds and, due to excessive concerning with the source, respond to it more 
negatively. This results in reduced productivity and increased distraction and annoyance. In addition, it 
seems that anxiety and worrying holds these people from successful coping behavior related to noise.  
 

4.2.3  Openness, Conscientiousness and Agreeableness 
Not much research has been done on the three other personality traits. Franklin et al. (2013) examined 
the relationship between personality and acceptable noise level. The results show a correlation between 
acceptable noise level and the personality traits openness and conscientiousness. They suggest that 
individuals with a more open personality may accept higher noise levels, while the more conscientious 
personalities, who in general desire fewer distractions, accept lower noise levels. Among the 
agreeableness personalities no effects were found.  

4.3 Conclusion 
Chapter 4 provides information regarding personality in relation to perception and coping behavior, as 
is shown in figure 10. As is stated in the literature, personality type is related to the perception of noise. 
Two personality types are distinguished and added to the conceptual model: extraversion and 
neuroticism. More neurotic personalities are more sensitive to noise exposure and will judge a particular 
sound source more quickly as noise. It is plausible that more neurotic personality types are more affected 
by a particular noise source due to excessive concerning, compared to more extroverted personality 
types, who have most of the time a higher tolerance regarding to noise. Extrovert are more resistant to 
noise and therefore can concentrate and perform better in loud environments. Introvert people face 
more interruptions and distractions in louder environments. Anxiety and excessive concerning holds 
these introvert people from applying successful coping strategies. Because they cope less well with noise, 
frustration occurs which affect both simple and complex task performances. Therefore, it seems that 
personality is also interrelated with coping behavior.   
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Noise 
Conversations  

Intelligible speech conversations (near one’s desk) 
Intelligible speech conversations in adjacent rooms 
Intelligible speech conversations   at common facilities, e.g. coffee rooms 
Intelligible telephone conversation 
Unintelligible background conversations 

Office equipment  
Telephones ringing 
Printing rooms / fax / shredder / coffee machine 

Installations  
Ventilation systems 
Air conditioning 

Background noise  
Music (radio or piped-in) 
People passing-by, entering or leaving the office 
Noise from outside the office building 
Sounds of a particular colleague 
 

Perceived productivity 

Coping behavior 
Coping strategies 

- Discus the noise problem with 
colleagues 

- Make an even greater effort 
- Put the work off till another time 
- Do your work more slowly than usual 
- Put on some music or earphones 
- Interrupt your work, seek some 

distraction and resume your work 
afterwards 

- Change your workstation or location 
- Tried to be quieter in the hope that 

colleagues did the same 
- Do your work at home 
- Make a proposal to management to 

improve the acoustic conditions 
- Use earplugs or hearing protectors.  
- Do nothing 

Personality  
Neuroticism 
Extraversion 

Figure 10. Conceptual Model including the variables noise, perceived productivity, coping behavior 
and personality 
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Research approach
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CH5. Research approach 
The previous chapters presented an overview of the literature about the various noise sources appearing 
in the office environment. A list of noise sources that affect perceived productivity is the result. In 
addition, several ways to cope with noise became clear as well as the effect of different personalities on 
coping behavior related to noise and perception of noise. However, it is not yet clear how an employee 
can cope with a particular noise source he or she is exposed to. In addition, the effects of several coping 
behavior strategies on perceived productivity have not been found yet, which is also the case for the 
effect of personality types on perceived noise and coping behavior. Therefore, an explorative research is 
conducted.  

This chapter gives an overview of the research approach, where the basic principles are described. Based 
on that description the different variables and attributes that are included in the questionnaire are 
operationalized and further specified. Each group of questions that will be asked during the survey will 
be briefly introduced. Additionally, several procedures of data analyzation will be explained, as well as 
the survey questions.  

5.1  Sampling method 
There are two main types of sampling: probability and non-probability (CIRT, n.d.). The difference 
between the two is whether or not the sampling selection includes randomization. The former uses 
randomization and ensures that all members of a population have an equal opportunity of being 
selected. The latter does not rely on the use of randomization to select members. This is typically done 
in studies where randomization is not possible to obtain a representative sample. As it is in this research 
impossible to ensure every office worker has the same chance of being selected, a non-probability 
sampling is used. Among the different types of non-probability sampling, the purposive sampling 
technique is selected. Purposive sampling is a sampling technique that is based on the judgement of the 
researcher when it comes to selecting units (e.g. organizations, companies or people) that are to be 
examined. The main goal of this technique is to focus on particular characteristics of a population that 
are of interest, which will best enable to answer the various research questions. The sample is not 
perfectly generalizable to a whole population, but this has not been considered to be a major weakness.  

The so called judgement of the researcher is that there are only companies selected that are facing 
acoustical or noise issues in their office building. Companies or organizations that were struggling with 
these kind of problems could register online via a LinkedIn article, which was shared multiple times 
within a large network. After some conversations with the Facility- or HR manager several companies 
were selected to participate. The distribution took place online by means of a weblink that directs to the 
(Dutch) questionnaire. The link that lead to the questionnaire is distributed via the Facility- or HR 
manager themselves to ensure that all the people who worked in that particular office building would 
get the weblink. 

5.2 Data collection 
Part of the data analysis is to analyze the effects of several noise sources on coping behavior, the 
perceived effects of coping behavior on productivity and which relation personality has to these 
perceived effects. Data could be retrieved with qualitative and quantitative research. During qualitative 
research, only a few case studies are investigated or interviews are held. Due to this little amount of data 
collection, the results of such a qualitative research are not generalizable for a broader population. Since 
this research tries to gain new information for CRE managers and HR managers, it is interesting to gather 
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facts and figures and to focus on quantities. Quantitative research is a common used method which 
focusses on quantifying data and attempts to extrapolate results to a broader population. Therefore, 
quantitative research is more applicable in this case.  

In quantitative research is the use of a questionnaire or survey the most common used method. A 
questionnaire is an appropriate tool to collect data about preferences, opinions and attitude. Due to the 
time restraint of this research and the goal to reach a large as possible sample group, a digital 
questionnaire is chosen. By means of an online questionnaire, a large target group can be reached that 
can fill in the questionnaire both time- and cost- efficient. The questionnaire consists of various 
subgroups, which will be briefly explained in the next few paragraphs.  

5.3 Control variables 
The survey starts with some control variables. These are variables that are held constant in order to 
assess or clarify the relation between two other variables. As an illustration, if a respondent fills in ‘No’ 
at question 1.4, it is clear that during the coping behavior questions in section 5.5.2. the respondent 
should give a negative answer at the ‘Continue your work at home’ coping strategy. Another example 
are questions 1.6 and 1.7, which are control variables for the noise source questions in section 5.5.1. If a 
respondent fills in ‘No’ or indicates that the printer or coffee machine is far away from his or her working 
location, it clarifies why a respondent probably answers ‘Inapplicable’ at noise source ‘Printers/ fax/ 
shredder / coffee machine’. The table below, table 6, shows an overview of the operationalization of 
control variables for noise characteristics as well as for coping behavior characteristics.  
 
Table 6. Control variables behavior and noise characteristics 

Control variables coping behaviour characteristics  
1.1 Is your workstation allocated on a permanent basis in the office? 

Yes / No 
1.2 Do you have concentration spots available at your work? 

Yes / No 
1.2a Are there enough concentration spots available at your work? 

Yes / No 
1.3 Do you have phone booths available at your work? 

Yes / No 
1.3a Are there enough phone booths available at your work? 

Yes / No 
1.4 Do you have the possibility to work at home? 

Yes / No 
Control variables noise characteristics 

1.5 How many people work in the room where your work station is located? 
> 50 people / 16 to 49 people / 7 to 15 people  / 3 to 6 people / 2 people / Only me / I don’t 
know/ I don’t have a dedicated seat 

1.6 Is there a printer near your working location or desk? 
Yes / No 

1.6a How far do you think the printer is away from you, in meters? 
        Text Field 
1.7 Is there a coffee machine near your working location or desk? 
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Yes / No 
1.7a How far do you think the coffee machine is away from you, in meters? 
        Text Field 

 

For defining some coping behavior characteristics, six questions were implemented in the survey that 
provide some information about the workplace. This way, it can be analyzed in what type of office the 
respondent works and if there are some possibilities present to cope with noise. These variables are 
nominal multiple choice questions, with a simple yes or no answer. The respondent is asked if his or her 
workstation is allocated on a permanent base, if there are any concentration spots and phone booths 
available at the respondents’ work, if there are enough concentration spots and phone booths and if the 
respondent has the possibility or is allowed to work at home. With the results of these questions, it can 
be analyzed to what extent a respondent has the possibility to cope with noise. Whenever the 
respondent is exposed to noise, he or she has the possibility to go to a concentration spot or phone 
boot, to change his or her desk or to work at home. 

For defining some noise characteristics, another five (control) variables are added. First one is an ordinal 
multiple choice answer question to clarify with how many colleagues the respondent works in a room 
or workplace, including eight answer options. Followed by once again two nominal multiple choice 
questions with yes or no answers. Question 1.2a, 1.3a, 1.6a and 1.7a refer to the questions that are only 
visible and have to be answered by the respondent as he or she answered the previous question with 
‘Yes’.  

5.4 Research method 
In order to obtain information about employees’ individual preferences in relation to noise sources, the 
choice experiment is a commonly used method in explorations of individual’s preferences (Carlsson et 
al., 2007; Burton and Pearse, 2002 and Burton et al., 2001). The choice experiment attempts to model 
the decision process of an individual by stated preferences or revealed preferences in a particular 
situation or context. Revealed data is data which described actual behavior, reveals preferences and 
values utilities of actual choices. This research uses stated data, which is based on behavioral intentions 
and responses to experimental or hypothetical choice situations (Bradley et al, 1994). This research uses 
stated data to provide insights in which noise source minimalizes utility, ir in this case perceived 
productivity. 

5.5 Survey questions 
5.5.1 Noise questions 

The questions concerning the control variables are followed by the questions about noise sources that 
are aware in the office environment of the respondent. All noise sources distinguished in section 2.4 are 
presented, while the respondent has to fill in which noise sources are present in his or her working 
environment and affect his/her productivity during individual desk-based focused work.  
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Table 7. Noise source questions 

Noise source questions 
1.8 Conversations and speech 

o Intelligible speech conversations (near one’s desk) 
o Inapplicable 
 
o Intelligible speech conversations in adjacent rooms 
o Inapplicable 
 
o Intelligible speech conversations at common facilities (e.g. coffee rooms or coffee 

machine) 
o Inapplicable 
 
o Intelligible speech from telephone conversations 
o Inapplicable 
 
o Unintelligible background conversations 
o Inapplicable 

1.9 Office equipment 
o Telephones ringing 
o Inapplicable 

 
o Printers / fax/ shredder / coffee machine 
o Inapplicable 
 

1.10 Installations 
o Ventilation or air-conditioning system  
o Inapplicable 

 
1.11 Background noise 

o Music (radio or piped-in) 
o Inapplicable 

 
o People passing-by, entering or leaving the office 
o Inapplicable 

 
o Noise from outside the office building 
o Inapplicable 

 
o Sound of a particular colleague 
o Inapplicable 
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Based on literature review in Chapter 2, several noise sources have been distinguished and specified. To 
guarantee the internal validity, the various noise sources are operationalized as specific and clear as 
possible. While completing the survey, the respondent has the opportunity to read the 
operationalization of the various sources via a message bubble. The operationalization of the specific 
noise sources can be found in appendix A.   

5.5.2 Coping behavior questions  
In this subgroup of questions, the respondents have to indicate which coping strategies they would 
apply when a particular noise source would affect their perceived productivity. The twelve coping 
strategies are divided over two crosstabs. One crosstab shows the approach coping strategies, the other 
one shows the avoidance coping strategies. The crosstabs look as follows, see table 8:  
Table 8. Overview of approach coping behavior strategies 

Noise source Intelligible speech conversations 
(near one’s desk) 

Intelligible speech conversations 
in adjacent room

s 

Intelligible speech conversations 
at com

m
on facilities 

Intelligible speech from
 

telephone conversations 

Unintelligible background 
conversations 

People passing-by, entering or 
leaving the office 

Sound of a particular colleague 
 

 
 
 
 
 
 
 
 
 
Coping strategy 
Discuss the noise problem 
with your colleagues 

X X X O O O O 

Put on some music or 
earphones 

O O O X X O O 

Continue your work at home O O X X O O X 
Change your desk or 
location 

O O X X O O O 

Make a proposal to 
management to improve the 
acoustic conditions 

O O X X O O X 

Use earplugs or hearing 
protectors 

O O O X O O O 

 

In the rows of table 8 the approach coping strategies are shown as explained and described in section 
3.1.3. Table 9 shows the avoidance coping strategies. The noise sources are stated in the columns. It is 
worth noting that in the columns not all noise sources as described in appendix A are included. This has 
two reasons, first, it would be too time consuming to indicate for all noise sources which coping 
strategies the respondent would apply. Moreover, such a large crosstab would evoke resistance or 
reluctance. Second, not for all noise sources it is interesting to know how a respondent would cope with 
it. The literature review in Chapter 2 acknowledged that speech is experienced as most annoying, 
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followed by ringing phones. The hum of the air conditioning is expected to affect employees productivity 
less and hence it is less interesting to analyze which coping behavior this source would evoke. Therefore, 
in this section of the survey, it was decided to collect only data about which coping strategies are applied 
when a respondent is influenced by human generated noise (intelligible and unintelligible speech, the 
movement of employees through the office and specific sounds of colleagues). 
Table 9. Overview of avoidance coping behavior strategies. 

Noise source Intelligible speech conversations 
(near one’s desk) 

Intelligible speech conversations 
in adjacent room

s 

Intelligible speech conversations 
at com

m
on facilities  

Intelligible speech from
 

telephone conversations 

Unintelligible background 
conversations 

People passing-by, entering or 
leaving the office 

Sound of a particular colleague 

 
 
 
 
 
 
 
 
 
Coping strategy 
Make even a greater effort O O O X X O O 
Put the work off till another 
time 

O O X X O O X 

Do your work more slowly 
than usual 

O O X X O O X 

Interrupt your work O X X O O X O 
Try to be quieter in the hope 
that your colleagues do the 
same 

X X X O O O O 

Do nothing X X X O X X O 
 

5.5.3 Effect coping behavior questions 
After the respondent has indicated which coping strategies he or she would use to cope with noise, the 
effect of the various coping strategies on perceived productivity is measured, see table 10. In this 
subgroup the respondent has to fill in for every coping strategy if it improves his or her productivity, 
compared to the situation where the respondent does nothing and continue to work in the noisy 
environment. The statement which has to be answered is as follows: ‘If I would apply the following coping 
strategy, then it would reduce the negative effects of noise on my productivity compared to doing nothing’. 
Table 10.Overview of coping behavior strategies 

Coping behavior strategies
Variable Level of measurement  Item 

Discuss the noise problem with your colleagues  Ordinal  Multiple choice (5): 
1 = No effect 
2 = Minor effect 
3 = Neutral 

Make even a greater effort  Ordinal 

Put the work off till another time  Ordinal 

Do your work more slowly than usual  Ordinal 

Put on music or earphones  Ordinal 
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Interrupt your work  Ordinal  4 = Moderate effect 
5 = Major effect Change your desk or location  Ordinal 

Try to be more quiet in the hope that your 
colleagues do the same 

Ordinal 

Continue work at home  Ordinal 

Make a proposal to the management to 
improve the acoustic conditions 

Ordinal 

Use earplugs or hearing protectors  Ordinal 

 

The coping behavior questions included twelve different coping strategies, which have to be answered 
on a five point Likert scale. Likert scale is a method to interrogate data that is difficult to quantify and to 
be able to provide an ordinal measurement level. The Likert scale consist of various statements, where 
the respondent can indicate his or her degree of consent. For each coping behavior, the respondent is 
asked to indicate if the particular coping strategy reduces the negative influence of noise on productivity, 
for example no affect or moderate affect.  

Most common used Likert scales are 5 and 7 points scales. Both have their advantages and 
disadvantages. The 5 points Likert scale is used because it is clear and easy to understand for the 
respondent. An often used argument for using the 7 point Likert scale is to ensure spread in the data-
set, resulting in a more nuanced and more detailed picture of the results. For example, the 7-point Likert 
scale is often used when people want to avoid neutral answers as much as possible. This scale give more 
elongation in the answer options, where 5 point scale gives a little nuanced picture of the data. However, 
higher Likert scales have the manner that answers will still cluster around the center and endings of the 
scale. Therefore it is in this case sufficient to use a 5 point scale.   

5.5.4 General questions  
The next questions of the survey are some general questions. These general questions consist of socio-
demographic characteristics. For defining the socio-demographic characteristics of the respondent, 
three different variables were distinguished and described, see table 11.  
Table 11. Overview of questions of socio‐demographic characteristics 

Socio-demographic characteristics 
1.12 What is your gender? 

Male / Female 
1.13 What is your age? 

Text Field 
1.14 What is your education level? 

Primary education / Secondary education / Vocational education / Undergraduate / 
Postgraduate 

 

The three variables have a more standard operationalization. For gender, a nominal two item multiple 
choice question is developed, including the answer options male or female. For the variable age, an 
integer open question is set up, where the respondent can fill in his or her age. An ordinal multiple 
choice question is used for educational level, including seven answer options: primary school secondary 
school, undergraduate and postgraduate. In the Netherlands, vocational education is split up by MBO 
and HBO. These distributions have already been used in prior research (De Been & Beijer, 2014). 
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5.5.5 Personality questions 
The survey ends with some personality questions, see table 12. As is stated in the literature review, it is 
plausible that personality characteristics affect the way people perceive noise and cope with noise. The 
subgroup with the personality variables measures the extent to which a respondent is more a neurotic 
personality, extrovert personality or introvert personality. People with more neurotic personality 
characteristics are more affected by unwanted sounds and, due to excessive concerning with the source, 
are expected to respond to it more negatively. In addition, it seems that anxiety and worrying prevents 
these people from successful coping behavior related to noise. Besides neurotic, there are also 
extroverted and introverted personality types. Several studies in the literature review stated that the 
tolerance and preference of noise levels differ among extroverts and introverts. Though, possibly they 
will not only perceive noise differently, but could also have different coping behavior. Therefore it is 
important to take this personal characteristic into account during the questionnaire. This way, the results 
can be used to determine whether character traits actually influence perception and coping behavior.  
Table 12. Overview of personality questions 

I see myself as,…. 
2.1 Extraverted, enthusiastic 

Disagree strongly / Disagree moderately / Disagree a little / Neither agree nor disagree / 
Agree a little / Agree moderately / Agree strongly 

2.2 Anxious, easily upset 
Disagree strongly / Disagree moderately / Disagree a little / Neither agree nor disagree / 
Agree a little / Agree moderately / Agree strongly 

2.3 Reserved, quiet 
Disagree strongly / Disagree moderately / Disagree a little / Neither agree nor disagree / 
Agree a little / Agree moderately / Agree strongly 

2.4 Calm, emotionally stable 
Disagree strongly / Disagree moderately / Disagree a little / Neither agree nor disagree / 
Agree a little / Agree moderately / Agree strongly 

 
The personality questions will be answered with a seven-point Likert Scale, from disagree strongly to 
agree strongly. The questions of personality will be asked after the noise and coping behavior questions, 
to ensure that the respondent doesn’t starts thinking too much about personalities and is not distracted 
from the main subject(s) noise and coping behavior.  
 
In this case, the answer options will be replaced by numbers, to calculate if a respondent is more a 
neurotic person, an introvert person or an extrovert person. The way of calculation is stated in the table 
below. For example, if a respondent answers for the variable extraverted, enthusiastic ‘Agree moderately’, 
he or she scores a 6. If the same respondent answers for the variable reserved, quiet ‘Disagree a little’, he 
or she scores a 3 for that variable. This way, the respondent is 6 + (8-3) = 11 divided by 2, scores 5.5 out 
of a score of 7. It can be concluded that this specific respondent is a more extraverted personality. After 
the calculation, the sample is divided in two equal‐sized groups. The 55 respondents with the highest 

sum score on the variable extrovert are placed in the category low extrovert. The 55 respondents with 

the highest sum score on the variable extrovert are placed in the category high extrovert. The same is 

done for the variable neuroticism.  
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Table 13. Operationalization personality questions 

Personality traits 
Variable Level of measurement Item 

1. Extraverted, enthusiastic Ordinal Multiple choice (7): 
1 = Disagree strongly 
2 = Disagree 
moderately 
3 = Disagree a little 
4 = Neither agree nor 
disagree 
5 = Agree a little 
6 = Agree moderately 
7 = Agree strongly 
 

2. Anxious, easily upset Ordinal 
3. Reserved, quiet Ordinal 
4. Calm, emotionally stable Ordinal 

 

How to score the personalities: 
Extraversion      Neuroticism 
Score for Extraverted + (8 – score for Reserved) Score for Calm + (8 – score for Anxious)  
Divide answer by 2.     Divide answer by 2. 
Extraversion is  …  out a score of 7   Neuroticism is … out a score of 7 
 

5.6 Data analysis  
The research approach describes which research methods will be used. The questionnaire is used to 
collect data for further analyses. After the sample has been demarcated, the questionnaire is distributed 
and the data is collected, is it important to analyze the data to be able to answer the sub-questions and 
the research question, to draw some conclusions and to formulate some end findings. There are various 
methods or so-called procedures to analyze the data results. This paragraph will discuss which 
procedures are appropriate to analyze the data 

5.6.1 Chi-Square test  
A Chi-Square test (X2-test) is a statistical method used to determine whether there is a significant 
difference between the expected variables and the observed variables in one or more categories. With 
the X2-test it is possible to calculate with nominal or ordinal measurement levels of variables. Therefore 
it is a common used method to analyze crosstabs (nominal 0-1 values), such as the crosstabs in table 13 
and 14 in section 5.2.3. Calculating the Chi-Square (X2) results in p-value. With this p-value it can be 
analyzed  whether a difference is due to coincidence or a significant difference. If the value of p is lower 
than the threshold p value, the observed variable is significant, or in this case, there is a preference. This 
way, it can be analyzed if there exists a certain preference for a specific coping strategy if an employee 
is exposed to a specific noise source. As an example, employees could have a preference to put on some 
music or earphones if the noise source ringing telephones influences their productivity. In other words, 
significance means that the choice for a particular coping strategy differs between the various noise 
sources. They are dependent of each other. 

Unfortunately, the X2-test has one disadvantage. With large sample sizes, the approximation becomes 
better. However, with small sample sizes the approximation is not accurate enough. This results in an 
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inaccurate X2-test for significance. When over 20% of the cells has an expected count of less than five, 
the Fisher’s exact test is used. This method is commonly used for calculating the exact probability of the 
X2 statistics for small sample sizes and is more conservative compared to the X2-test. In general the X2-
test will show sooner significance in small sample sizes (Geloven, 2015).  

5.6.2 Lift-ratio 
The X2-test gives evidence into whether a coping strategy and a specific noise source are significant or 
dependent of each other. The Lift-ratio analyses to what extent the choice for a particular coping strategy 
differs between the various noise sources in more detail. This method discovers patterns in a larger 
population in order to identify a subgroup (Ling & Li, 1998). This metric is widely used in marketing 
applications to define the difference in associations between a target group (for example a certain 
promotion) and the control group.  

In this research it is a useful method, because it can provide insight into the difference between coping 
behavior in relation to a specific noise source. More specifically, this method can provide insights 
whether a particular coping strategy is a specific response to a certain noise source. To illustrate, if work 
at home is a specific reaction of employees when their productivity is influenced by intelligible speech 
conversations near their desk.  

The formula of the lift ratio looks as follows: 

𝐿𝑖𝑓𝑡 𝑟𝑎𝑡𝑖𝑜
𝑃 𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 | 𝑁𝑜𝑖𝑠𝑒 𝑠𝑜𝑢𝑟𝑐𝑒  

P  𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦  
  

In which: 

P = possibility  
i = an approach or avoidance coping strategy  
j = a particular noise source that affects an employees’ productivity  
 
In order to calculate the Lift ratio, the preferences in the numerator and denominator need to be 
computed. This looks as follows: 
 
Numerator: 𝑃 𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 | 𝑁𝑜𝑖𝑠𝑒 𝑠𝑜𝑢𝑟𝑐𝑒     |   

∑   |    
  

 
Denominator: 𝑃  𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦  

    

 ∗    
 

 
In the equations above is R the frequency or occurrence of a particular coping strategy and N is the 
sample size. With the formula of the numerator the preference of a coping strategy for a particular noise 
source can be derived. The equation of the denominator states for the preference of a coping strategy 
in the whole sample. It is also possible to compute the preference of a particular coping strategy in 
relation to a specific noise source for the whole sample, a similar equation can be used: 
 

𝑃 𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 | 𝑁𝑜𝑖𝑠𝑒 𝑠𝑜𝑢𝑟𝑐𝑒          
𝑅 𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 | 𝑁𝑜𝑖𝑠𝑒 𝑠𝑜𝑢𝑟𝑐𝑒   

∑ 𝑅 𝐶𝑜𝑝𝑖𝑛𝑔 𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 | 𝑁𝑜𝑖𝑠𝑒 𝑠𝑜𝑢𝑟𝑐𝑒   
 

 
After the Lift ratio is derived, it has to be interpreted. Tan, Steinbach & Kumar (2006) state the following 
rules, see table 14: 
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Table 14. Interpretation Lift ratio 

Lift ratio Interpretation 
> 1 Positive relation. Coping strategy is preferred 

more often with a particular noise source than 
average 

< 1 Negative relation. Coping strategy is preferred 
less often with a particular noise source than 
average 

= 1 Statistically independent. Coping strategy is 
preferred just as often with a particular noise 
source as average 

 

During the data analysis the Lift ratio is used to provide insight into the preference of specific coping 
strategies in relation to noise sources of the whole sample and the differences between classes in respect 
to this. It needs to be mentioned that this method is rather useful to evaluate the relative preferences of 
classes, instead of making statistical statements about the classes (Coppock, 2002).  
 
5.7 Conclusion 
Chapter 5 includes an overview of the research approach of this study, where the basic principles are 
described. It is impossible to collect data from all office workers in the Netherlands or worldwide, 
therefore a non-probability sampling is used to collect respondents. Among the different types of non-
probability sampling, the purposive sampling method is selected. The sample is not perfectly 
generalizable to a whole population, but this has not been considered to be a major weakness. The data 
is collected by means of a questionnaire. A questionnaire is an appropriate tool to collect data about 
preferences, opinions and attitudes and is a decent tool to reach a large possible sample group. This 
research uses an online questionnaire, which consists of various subgroups. The survey starts with some 
control variables. These variables are hold constant in order to assess or clarify the relation between two 
other variables. Next are the noise questions. In this section, the respondent has to indicate which noise 
sources are present in the office environment. After the respondents has filled in which noise sources 
are present in his or her office environment and affecting the self-estimated productivity, the respondent 
has to indicate multiple times which noise sources affecting productivity more and to what extent. By 
doing this, it can be concluded which noise sources are most often indicated to affect the perceived 
productivity. After the questions of the various noise sources, the respondent has to indicate which 
coping strategies they would apply when a particular noise source would affect their productivity. The 
strategies are divided into approach coping strategies and avoidance coping strategies. Later on, it can 
be concluded which coping strategies have been chosen more often and which coping strategies are 
chosen per noise source. Next, the respondents have to indicate what the effect is of the various coping 
strategies are on their perceived productivity, compared to the situation where the respondent does 
nothing and continue work in the noisy environment. The questionnaire ends with some general 
personal questions, including questions about the personality traits. Afterwards it can be concluded to 
what extent a respondent is an extraverted personality type and neurotic personality type.  
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This chapters describes various procedures to analyze the data results. The selected procedures in this 
research are the X2-test and the Lift-ratio. The X2-test is a statistical method used to determine whether 
there is a significant difference between the expected variables and the observed variables. With this 
test it can be analyzed whether a difference is due to coincidence or a significant difference. However, 
with small sample sizes, cells with an expected count of less than five, the Fisher’s exact test used. The 
Lift-ratio analyses to what extent the choice for a particular coping strategy differs between the various 
noise sources in more details. This method can provide insights whether a particular coping strategy is 
a specific response to a certain noise source.  
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Data description
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CH6. Data description 
Chapter 5 includes an overview of the research approach, where different variables and attributes that 
are included in the questionnaire are further operationalized and further specified. The questionnaire is 
distributed in order to gather data for further analyses. This chapter includes the preparation and 
description of the data that has been collected. The chapter starts with a description of the data 
collection and the organisation that participated in this research. Next, the missing values are described. 
From on paragraph 6.3, successively the data of the personal characteristics, the workplace 
characteristics, the noise source characteristics and the coping behavior characteristics is extensively 
described. The chapter ends with a conclusion of the data description and answers sub question four 
and five. 
 
6.1 Data collection 
As stated in section 5.4, various companies were selected to participate in this research after they had 
registered from a LinkedIn article. Following these applications and some exploratory telephone 
conversations, six companies were visited that had to deal with acoustic problems in their office building. 
During the meetings, which were mostly conducted with HR or Facility managers, the purpose of the 
research, the research design, the expectations of the company and the questionnaire was discussed. 
Companies, or the HR and Facility managers, were able to give feedback on the questionnaire and they 
had the possibility to check whether some questions should be added. Although all six companies were 
very positive, only three companies started with the research. This had to do with the fact that in the 
case of two companies it was finally decided from a higher level that the research should not start. This 
had two reasons. First, because an internal study on noise had been carried out very recently. Second, 
because it was a sensitive topic. The companies were afraid to expose problems that were currently not 
perceived consciously. Eventually the questionnaire was sent to three companies. Finext and Fidus 
started to distribute the questionnaire on the 3th of September, while CMA CGM started on the 17th of 
September.   

The HR or Facility managers that distributed the questionnaire were provided with a pre-arranged 
introduction mail with hyperlinks to a Dutch version of the questionnaire (see appendix B for the e-mail). 
All three managers used the introduction e-mail. However, they added a short introduction to the mail, 
highlighting the importance of the results for the company. It was agreed with the companies that as a 
thank you for distributing the survey and supplying respondents, the companies would obtain their own 
data. This ensured that the companies also had an interest in having as many respondents as possible 
to fill in the survey.  

In total 461 people received the online questionnaire. Thereof 150 people filled in the questionnaire, 
which results in a total response rate of 33 percent. Table 15 summarizes the results of the data 
collection.  
Table 15. Results of the data collection 

Company name Sample Size Respondents 
Respondents Response rate 

CMA CGM 270 62 23 % 
Fidus 65 51 78 % 
Finext  126 35 28 % 
Unknown  2  
Total 461 150 33% 
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CMA CGM is a French company which is specialized in international shipping container transport. Their 
headquarter is situated in Marseille, but they have offices all over the world. The Dutch department of 
CMA CGM is located in Rhoon, nearby the port of Rotterdam. Fidus is a small insurance and realty 
company in Geleen, in the south of the Netherlands. Finext is a consultancy company which advises 
companies and organizations from a financial position through software implementation or, for example, 
risk- and project management. Their office is situated in The Hague. All three companies have an office 
that for most part consists of an open-plan structure.  

6.2 Missing values 
In total, the questionnaire reached 461 potential respondents. However, not all respondents started or 
fully completed the questionnaire. From the 461 potential respondents just 191 started the 
questionnaire. Some stopped after particular questions: 

- In 4 cases, the respondent dropped out the questionnaire before they reached the pairwise comparison 
questions. 187 respondents actually started with the pairwise comparison. 

- in 26 cases, the respondent stopped with the questionnaire during the pairwise comparisons of the 
noise sources that had to be made. From the 187 respondents left, 161 respondents started with the 
pairwise comparison of the noise categories.  

- During the pairwise comparison of the noise categories, 11 respondents stopped with the 
questionnaire. 

At the end, 150 respondents completed the full questionnaire. Because the questionnaire was only 
distributed online and the questionnaire was programmed not to allow respondents to continue when 
values where not filled in, the amount of missing values was almost zero. Except from two cases: 

- In 12 cases of the 150 fully completed questionnaires, the age of the respondent was missing. Therefore 
it was impossible to assign them to a specific age cohort and they are not taken into account in the 
Cronbach’s Alpha test to check the representativeness of the sample. Besides they were left out the 
analyses concerning the preference for a specific coping strategy in relation to age.  

Since the variable age in the further course of the research is not such an important variable and has no 
further importance during the analyzes, it is decided not to remove these respondents from the dataset.  

- Due to a failure in the data system, the coping strategies of the first 35 respondents were not properly 
saved. This means that the approach coping strategies and the avoidance coping strategies were saved 
as one. This made the data unreliable and no longer usable. Nevertheless, these 35 respondents fully 
completed the remainder of the questionnaire. It has therefore been decided to include them in analyses 
such as the pairwise comparison, but to exclude them from analyses that are related to the coping 
behavior strategies. As a result, the sample of these analyses is 115 (instead of 150).  

After the respondents who did not complete the survey were filtered out, 150 respondents remain. To 
start with descriptive data analyses, some of the variables had to be recoded. This will be explained 
through the sections of the relevant variables and analyses.  

6.3 Personal characteristics 
The last part of the questionnaire included questions about personal and workplace characteristics. 
Answers to these questions can be used to determine the socio-demographic aspects of the sample. 
Moreover, it provides insights into the working environment of the respondents. This paragraph 
describes the personal characteristics gender, age, highest completed level of education and personality. 
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The workplace characteristics consist of the respondents’ workstation is allocated on a permanent basis, 
if they have the possibility to work at home, if there are concentration spots and phone booths available 
and with how many people the respondent works in the room his or her workstation is allocated. 

Gender  
In total the questionnaire was completed by 150 persons, 64 men and 86 females. This means that the 
sample consist of 42.7 percent men and 57.3 percent women.  This distribution is different than one 
would expect, looking at the figures of the working population from CBS (2018). These numbers do 
indicate that the percentage of males should be higher relative to the percentage of females. The results 
of a X2-test shows that there is a significant difference (X2 (1, n = 150) = 7.076 and p = .008, see appendix 
C.1), because the sample contains more females. This presupposes that results should be interpreted 
carefully in case of generalizing the results. 
 
Table 16. Distribution of gender 

Gender N Sample CBS (2018) 
Male 64 42,7 % 53,5 % 
Female 86 57,3 % 46,5 % 
Total 150 100,0 % 100,0 % 

 

Age  
The distribution of ages can be seen in figure 11. The sample represents ages varied from 22 till 66 years, 
with an average age of 41 years and a fairly high standard deviation of 11 years. This standard deviation 
can be explained by the wide distribution of variable values.  

 

Figure 11. Distribution of ages 

To compare the variable age with the Dutch working population, the variable is classified into ranges as 
can be seen in table 17. The respondents were assigned to different categories or cohorts which equals 
the distribution of CBS. Figure 12 gives a clear overview of the representativeness compared to the CBS. 
The largest cohort is age 46-55 with 32 percent. The smallest cohorts are by far age 15-25 and 56+. The 
results of the Chi Square test confirm that the distribution of ages is significant (X2 (4, n = 138) = 43.67 
and p = .000) see appendix C.2, because cohorts 36-45 and 46-55 are overrepresented and cohorts 15-
25 and 56+ are underrepresented. Therefore, the representativeness of this sample, in terms of age, is 
debatable and should be interpreted with care.  
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Table 17. Distribution of age 

Age N Sample CBS (2018) 
Valid             15‐25 

26‐35 
36‐45 
46‐55 
56+ 

11 7,3 % 14.9 % 
35 23,3 % 20.9 % 
43 28,7 % 20.4 % 
48 32,0 % 24.7 % 
1 0,7 % 19.1 % 

Missing 12 8,0 % - 
Total 150 100,0 100,0 

 
 

 
Figure 12. Distribution of recoded ages 

Educational level  
The third variable concerning personal characteristics relates to the highest level of education completed 
by the respondents. Five answer options were provided, distinguished into primary school, secondary 
school, vocational education, undergraduate, postgraduate. The representativeness of the sample can 
be assessed by comparing the data of this research to the data of the CBS. Therefore the five educations 
levels are recoded into three new levels; low educational level, medium education level and high 
educational level. Table 18 shows the distribution after recoding from original levels to new levels.  
 
In general, it can be seen that the majority of the sample has a vocational educational level with a 
percentage of no less than 82.0 percent 12.0 percent is in the possession of a Master’s degree or PhD. 
One of the respondents stopped education after primary school.  

Comparing the data of the sample to the data of the CBS provides more information into the 
representativeness of the sample. A Chi Square tests indicates that there is a significant difference in the 
current sample as compared with the numbers of the CBS,  X2 (2, n = 150) = 95.255 and  p = .000. The 
results of the test are attached in appendix C.3.  It can be concluded that the representativeness of the 
sample in terms of highest completed educational level is disputable. This presupposes that the results 
should be interpreted with care when generalizing.   
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Table 18. Distribution of highest completed educational level 

Original levels This research New levels This Research CBS (2018)
N % N % % 

Primary education 1 0,7 Low education level 9 6,0 20,7 
Secondary 
education 

8 5,3 

Vocational 
education 

123 82,0 Intermediate 
educational level 

123 82,0 42,6 

Undergraduate 2 1,3 High educational level 18 12,0 36,7 
Postgraduate 16 10,0 
Total 150 100%  150 100% 100% 

 

The percentage of respondents with a vocational education level is remarkable high compared to the 
numbers of CBS (2018). Thence, the share of high educational level is very low. An explanation for this 
could the fact that a large share of the respondents work at Fidus, an insurance company were not only 
knowledge work is being executed, but also activities are done which acquire not a high educational 
level.  

Personality   
The last value that stated something about the personal characteristics of the sample are the personality 
traits. All respondents had to indicate during the survey to what extent they see themselves as 
enthusiastic, easily anxious or upset, reserved and quiet, and calm and emotionally stable. Using these 
four questions, it can be assessed to what extend a respondent is an extrovert or introverted personality 
type and a neurotic or emotionally stable personality type. As stated in section 5.5.5, the respondent had 
to indicate on a 7-point scale to what extent he or she agrees with the personality characteristic, from 
disagree strongly (1) to agree strongly (7). Each variable is coupled with a reversed personality. Thus, the 
reversed variable of extrovert is reserved and quiet, the reversed variable of anxious and easily upset is 
calm and emotional stable. By subtracting the score of the reversed variable by 8, the variables are 
recoded into reversed scores. For example, if a respondent indicates that he or she disagrees strongly 
(1) with seeing himself or herself as reserved and quiet, he or she scores 7 (8-1) on the reversed variable 
of extraversion. With the sum of the score of the variable and the reversed variable, it could be assumed 
to what extent a respondent is extraverted.  
 
Before the respondents could be assigned in terms of extraverted and neurotic personalities, a reliability 
test was used to test the internal consistency of the variables, for which the coefficient Cronbach’s Alpha 
should be at least 0.7 (Cortina, 1993). If the Alpha is larger than 0.7, the two items can be combined into 
the corresponding personality trait. Because there are less than 10 items in these personality traits, the 
inter-item correlation is added as well. This coefficient explains the internal homogeneity of the 
personalities. Pallant (2010) state that an optimal inter-item correlation coefficient varies between 0.2 to 
0.4. The coefficient should not be to high (> 0.8), because that could trigger problems with 
multicollinearity. Table 19 provides an overview of the Cronbach’s Alpha and the inter-item correlation 
of both extrovert as well as neuroticism. Appendix 4 shows the complete Cronbach’s Alpha tests. 
 
Table 19. Overview Cronbach's Alpha and Inter‐item correlation personality traits 

Personality trait  Cronbach’s Alpha  Inter‐item correlation 

Extrovert  0.714  0.555 

Neuroticism  0.516  0.348 

 

As table 19 shows, the Cronbach’s Alpha for extrovert and neuroticism are respectively 0.714 and 0.516. 
According to Cortina (1993), extrovert is the only personality trait that score above the threshold of 0.7. 
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Neuroticism scores particular low with an alpha of 0.516. This would suggest that the variables of 
neurotic cannot be summated into one new coefficient. Since in this case there are less than 10 items, it 
is possible to rely upon the inter-item correlation. The coefficient is with a value of 0.348 within the range 
of 0.2 and 0.4, which indicates high homogeneity. In conclusion it can be stated that both the variables 
of extraversion as well as neuroticism can be summated.  
 
Extraversion 
The personality trait extraversion was assessed by two variables: extraverted and reserved. Respondents 
were asked to indicate to what extent they see themselves as extraverted and enthusiastic, or reserved 
and quiet. The sum of these variables indicate on what scale the person is a extraverted personality. 
Dividing the sum by two results in a sumscore between 1 and 7. Figure 13 gives an overview of the 
distribution of extraverted personality types in the sample. It can be noticed that the mean of the sample 
is 4.99, which indicates that the sample consist of more extroverted personality types 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

As is explained in section 5.5.5, the respondents are divided in two equal sized groups, see figure 14. 
The means of the two groups are fairly far apart, indicating that respondent in the category high extrovert 
are actually more extrovert than the others. However, it needs to be remarked that the sumscore of the 
low extrovert category indicate that the respondents are medium extrovert. Savvy (2016) recode the 
sumscore on the Ten-Item Personality Inventory (TIPI) into three categories, namely low, medium and 
high. A meanscore between 2.99 and 5.88 indicate that the respondents are medium extrovert, which is 
the case with a mean score of 3.98. Therefore, the category low extrovert is from now on medium 
extrovert  

Figure 13. Distribution score on scale extraversion
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Neuroticism 
The neurotic personality trait was assessed by two variables: anxious and calm. Respondents were asked 
to indicate to what extent they see themselves as anxious, easily upset, or calm and emotionally stable. 
The sum of these variables indicate on what scale the person is. Figure 15 gives an overview of the 
distribution of neurotic personality types in the sample. Figure 15 indicate that the mean of the sample 
is 5.65 which means that the sample consists of more neurotic personality types.  
 

 

 
 
Similarly, the sample can be divided into respondents that score low or high on neuroticism, see figure 
16. The means of the two groups are a little bit closer to each other, compared to the categories of the 
extroverts. This can be explained by the fact that the sample was in general more emotionally stable 
instead of neurotic. That is the reason why the mean of the high neurotic category tends towards the 
mean of the low neurotic, and consist of more emotionally stable, respondents. Savvy (2016) recode the 
sumscore on the Ten-Item Personality Inventory (TIPI) into three categories, namely low, medium and 

Figure 15. Overview of distribution neurotic personality types

Figure 14. Sumscore category low extroverts (left) and high extroverts (right)
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high. A meanscore between 3.41 and 6.24 indicate that the respondents are medium neurotic, which is 
the case with a mean score of 4.95. Therefore, the category low neurotic is from now on medium 
neurotic.  

 

 
Figure 16. Overview of sumscore medium  neurotic (left) and high neurotic (right) 

The representativeness of the sample compared to the Dutch society is hard to assess because these 
numbers cannot be compared with numbers of the CBS. Simply because CBS does not keep these kind 
of statistics. There is no known academic literature available or numbers that state something about the 
distribution of introvert and extroverted individuals in Dutch society. This makes it extra difficult to assess 
the representativeness of the sample.  

To summarize, it can be argued that the representativeness of the sample is disputable, based on the 
variables gender, age and highest level of education. As a consequence, the results of the personal 
characteristics variables should be interpreted with caution in the case of generalizing the results to a 
larger population.  

6.4 Workplace characteristics 
The questionnaire starts with some question about workplace characteristics. These workplace 
characteristics are also control variables for the coping behavior and noise characteristics.  In order to 
obtain insights into the working environments of the respondents a number of variables or questions 
were prepared. 
 
First, all respondents were asked if their workstation was allocated on a permanent basis in the office or 
not. 69.3 percent of the sample indicates that they work on an allocated basis in their office environment, 
30.7 percent of the sample has a flex workplace. Second, all respondents were asked if there where 
concentration spots available at work where they could work, secluded from office noise, colleagues and 
other distractions. 23.3 percent of the respondents indicate that there are concentration spots available 
at their work. No less than 76.7 percent of the respondents did not have the possibility to seclude 
themselves from noise and distractions with a concentration spot. Third, all respondents were asked if 
there were phone booths available in the office environment, where they could go to make phone calls, 
without being a burden to others. 26.0 percent of the respondents indicate that there were phone booths 
available at their workplace, 74.0 percent had not. Both the variable for phone booths and concentration 
spots indicate that in this sample the respondents have few possibilities to seclude from telephone 
conversations or other noise sources during concentrated work. Last, all respondents had to indicate if 
they had the possibility to work at home. 54.7 percent of the sample state that they were allowed to 
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work at home, 45.3 percent of the sample did not had this possibility. An overview of these conclusions 
can be seen in table 20.  
 
Table 20. Overview of distribution workplace characteristics 

Workplace characteristic N % 
Workstation allocated on a 
permanent basis 

Yes 104 69,3 

 No 46 30,7 
Concentration spots available Yes 35 23,3 
 No 115 76,7 
Phone booths available Yes 39 26,0 

No 111 74,0 
Possibility to work at home Yes 82 54,7 

No 68 45,3 
 

Besides the four workplace characteristics displayed in table 20, there was a last question included in the 
questionnaire where respondents had to indicate with how many people they have to work in the room 
where their workstation is allocated, see table 21. More than three quarters of the sample work in rooms 
with more than 7 colleagues. Just a small amount works alone or with maximum 2 other colleagues. It 
can be concluded that the sample mainly represents the open office employees. 
Table 21. Overview of number of people working in room where workstation is allocated  

Number of people working in room where 
workstation is allocated 

N % 

50 + 19 12,7 
16 – 49 63 42,0 
7 – 15 33 22,0 
3 – 6 21 14,0 
2 2 1,3 
1 3 2,0 
Don’t know 2 1,3 
Don’t have a dedicated seat 7 4,7 

 

6.5 Noise source characteristics 
In the second section of the questionnaire all respondents had to indicate which noise sources are 
present in their office environment and are influencing their perception of productivity during 
concentrated work. Table 22 provides an overview of the distribution of noise sources that affects the 
respondents perceived productivity. It needs to be mentioned that in this stadium it provides no 
information to what extent a noise source is influencing the productivity, it only indicates if a particular 
noise source affects the perception of productivity of the respondents. It says something about how 
many respondents indicate that a particular noise source influences productivity and not to what extent.  
In conclusion, 80.7 percent of the respondents indicate that intelligible speech conversations (near one’s 
desk) is influencing perceived productivity. Intelligible speech from telephone conversations (74 percent) 
is the second most common noise source that is influencing self-estimated productivity. The two noise 
sources that are least often selected as having effect on productivity are installations and music, with 
respectively 18.7 percent and 16.7 percent.   
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Table 22. Overview of distribution noise sources 

Noise source N  Sample 
Speech and 
conversations 

Intelligible speech conversations (near one’s 
desk) 

121 80,7 % 

Intelligible speech conversations in adjacent 
rooms 

60 40,0 % 

Intelligible speech conversations at common 
facilities (e.g. coffee rooms or coffee machine) 

44 29,3 % 

Intelligible speech from telephone conversations 111 74,0 % 
Unintelligible background conversations 72 48,0 % 

Office equipment Telephones ringing 89 59, 3% 
Printers/ fax/ shredder/ coffee machine 44 29,3 % 

Installations Ventilation or air-conditioning system 28 18,7 % 
Background noise Music (radio or piped-in) 25 16,7 % 

People passing-by, entering or leaving the office 54 36,0 % 
Noise from outside the office building 34 22,7 % 
Sound of a particular colleague 65 43,3 % 

 
 

 
Figure 17. Frequency noise source is affecting perceived productivity 
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6.6 Coping behavior characteristics 
6.6.1 Coping behavior in relation to noise 

In the third section of the survey the respondents have to indicate which coping strategy they would 
apply if they were exposed to a certain noise source. The coping strategies are divided into approach 
coping behavior and avoidance coping behavior, see table 23.  
 
Table 23. Overview of distribution coping strategies 

Coping strategy N Sample 
(N/805) 

Sum 

Approach coping 
behavior 

Discuss the noise problem with your 
colleagues 

351 43,6 %   
 
 

911 
Put on some music or earphones 162 20,12 % 
Make a proposal to management to 
improve the acoustic conditions 

127 15,78 % 

Change your desk or location 102 12,67 % 
Use earplugs or hearing protectors 96 11,93 % 
Continue your work at home 73 9,07 % 

Avoidance 
coping behavior 

Make even a greater effort 401 49,81 %  
 
 

980 

Do nothing 168 20,87 %  
Do your work more slowly than 
usual 

150 18,63 % 

Interrupt your work 135 16,77 % 
Put the work off till another time 79 9,81 % 
Try to be more quiet in the hope 
that your colleagues do the same 

47 5,84 % 

 
Table 23 shows how many times a particular coping strategy is applied, regardless which noise source is 
aware. Coping strategies ‘Make even a greater effort’ and ‘Discuss the noise problem with your colleagues’ 
are by far the two most used coping strategies. The former was chosen 401 times, or in almost 50 percent 
of the cases. The latter 351 times (43.6 percent). ‘Try to be more quiet in the hope that your colleagues do 
the same’ is the less commonly used coping strategy with only 47 times. Continue work at home has only 
been used 73 times. This can be explained by the fact that almost half of the sample does not have the 
possibility to work at home. Overall, approach coping strategies are chosen 911 times, the avoidance 
coping strategies are chosen most (980 times).  
 

6.6.2 Coping behavior in relation to productivity 
The previous section discussed how often a respondent indicates that a specific noise source influences 
his or her productivity. Subsequently, all noise sources were broken down in order to indicate which 
coping strategies were applied per noise source. After the respondents indicated which coping strategies 
they would apply to the different noise sources, they were asked how they would value the different 
coping strategies in relation to productivity. All respondents had to indicate to what extent a specific 
coping strategy contributes to their perceived productivity compared to the situation in which they 
would do nothing. Through a 5-point Likert scale, going from 1 (no effect) to 5 (major effect) they could 
value the various coping strategies. Table 24 shows the coping strategies as presented to the 
respondents. This table is complemented with the mean scores and standard deviations per coping 
strategy. In addition the sum scores of both the approach strategies and the avoidance strategies are 
included. 
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Table 24. The means, standard deviations and sum scores of the coping strategies in relation to productivity 

Coping strategy  Mean Std. Dev. Sum Score 
Ap

pr
oa

ch
 Discuss the noise problem with your colleagues 3,49 ,9931  

 
15,88 

Continue your work at home 3,44 1,177 
Put on some music or earphones 3,00 1,249 
Use earplugs or hearing protectors 3,01 1,054 
Change your desk or location 2,94 1,152 

Av
oi

da
nc

e 

Make even a greater effort 3,29 ,860  
 
 

14,36 

Interrupt your work, seek some distraction and 
resume your work afterwards 

3,26 ,964 

Put the work off till another time 3,04 1,116 
Do your work more slowly than usual 2,66 ,979 
Try to be more quiet in the hope that your 
colleagues do the same 

2,11 ,942 

 
Combining all the answers of the coping strategies of the respondents, figure 18 can be created. This 
figure illustrates the percentages of the answers of each coping strategy. Looking at the figure, a number 
of aspects stand out. First, there are hardly any respondents that state that one of the coping strategies 
has a major effect on productivity compared to doing nothing, except from continue work at home. Over 
20 percent state that when they continue work at home, their self-estimated productivity is higher 
compared to the situation where they would do nothing and continue working in the noise environment. 
Second, it is striking that three coping strategies stand out in the category moderate effect. Almost 60 
percent say that the coping strategy discuss the noise problem with your colleagues will increase 
perceived productivity compared to the situation where they would do nothing or has at least a 
moderate effect. 50 percent state this for the coping strategy make even a greater effort and 46.36 
percent for interrupt your work, seek some distraction and resume your work afterwards. Third notable 
fact is that almost 33 percent of the respondents indicate that trying to be more quiet in the hope that 
colleagues do the same has no effect and thus do nothing is probably better.  
 
  

 

Figure 18.. Effect of coping strategy on perceived productivity in percentages 

No effect Minor effect Neutral Moderate effect Major effect

Effect of coping strategy on perceived productivity

1 2 3 4 5 6 7 8 9 10



   80     The effect of office noise on perceived productivity and coping behavior of office workers 

6.6.3 Change your desk or location and continue work at home 
In the questionnaire two control variables are included to indicate to what extent the respondents have 
the possibility to change work locations and continue work at home. As can be seen in section 6.4, a 
high percentage of the respondents indicate that their workstation is allocated on permanent basis 
(69,3%). With such a high percentage of the respondents who have an allocated workstation, it should 
plausible that the respondents with an allocated workplace cannot use this coping strategy and therefore 
this coping strategy will be used to a much lesser extent (see table 23).  Table 24 indicate that change 
your desk is the coping strategy with the least effect on perceived productivity among the approach 
coping strategies (mean=2.94). It is interesting to analyze what the effect of the coping strategy is on 
the respondents that are actually able to use this coping strategy. The 46 respondents that have no 
allocated workstation indicate that the effect of change your desk on their perceived productivity is 
higher (mean=3.58), compared to the analyzes including the whole sample. According to these 
respondents, it could be stated that this coping strategy has the most effect on the perceived 
productivity. More than the ‘best’ coping strategy discuss the noise problem with your colleagues 
(mean=3.49).  

The same analysis can be with the control variable for continue work at home. According to table 20, 
54.7 percent of the respondents have the possibility to work at home. These 82 respondents indicate 
that the coping strategy continue work at home has a mean score of 3.76, compared to the mean of 3.44 
in the analysis including the whole sample. Thus, the respondents that actually are able to use this coping 
strategy indicate that this coping strategy has more effect than the ‘best’ coping strategy discuss the 
noise problem with your colleagues.  

All in all it can be argued that when only the respondents are taken into account that can actually use 
the coping strategies change your desk or location and continue work at home these two coping 
strategies are perceived to have the most effect on perceived productivity.  

 6.7 Conclusion 
This chapter includes an extensive description of the data and started with conducting the first analyses. 
As a result sub-question four and five can be answered:   

‘’Which coping strategies occur when certain noise sources affect perceived productivity of employees?’’ 
and ‘’What are the effects of different coping strategies on perceived productivity?’’.  

The questionnaire was conducted between 3th of September and 10th of October by the participating 
companies. During a period of six weeks, 150 respondents completed the full questionnaire and 
provided input for further analyses. After checking and removing missing values, the extensive 
description of the dataset started. The descriptive data is divided into various subgroups 

First the personal characteristics, including gender, age and educational level. The numerical answers of 
the variable age are divided into specific age cohorts to be able to compare the representativeness of 
the sample with the data from CBS. The same is done for the variable educational level, for which the 
five answer options or variables used in the survey were converted to three new variables in order to 
compare the representativeness of the sample. In summary it can be concluded that the 
representativeness of the sample is disputable. All three variables differ significantly when compared 
with the figures of CBS. As a consequence the results of the personal characteristics variables should be 
interpreted with caution in the case of generalizing the results to a larger population.  

Regarding the personality traits it was not possible to compare the representativeness of the sample 
with numbers of the CBS, simply because these are not kept. Based on a variable for extraversion, 
combined with a reversed variable, it was examined to what extent a person was introverted, extraverted 



    Master thesis S.I. Steps 81 

or neither or both. The same was done for neuroticism. Later on in this research this will be used to 
provide insights into whether extroverted or introverted personality types perceive or cope differently 
with noise.  

In this chapter it can be concluded that intelligible speech is the most common noise source that is 
influencing self-estimated productivity during concentrated work as well as intelligent speech from 
telephone conversations. The two noise sources that are least often associated with negative affect on 
perceived productivity are installations, such as air-conditioning and ventilation, and music. It needs to 
be mentioned that in this stadium it provides no information to what extent a noise source is influencing 
the perception of productivity, it only indicates how many respondents indicate that a particular noise 
source affects their productivity. Furthermore, it was described which coping strategies occurred when 
respondents perceived that their productivity was affected by a noise source. It can be concluded that 
the avoidance strategies are more often applied compared to the approach strategy. The most common 
used strategy is an avoidance coping strategy, namely make even a greater effort. Followed by discuss 
the noise problem with your colleagues. However, the most applied strategy does not seems to have the 
most effect in relation to productivity. The respondents indicate that the coping strategy discuss the 
noise problem with your colleagues has the most effect in relation to self-estimated productivity, 
compared to the situation they would take no action. Additionally, it is interesting to see that avoidance 
coping strategies are applied most, while the respondents indicate that the approach strategies have 
more effect to reduce the negative effects noise has on their perceived productivity. 

To summarize, it can be stated that discuss the noise problem with your colleagues is the coping strategy 
that is expected to have the most effect to reduce the negative influences of a particular noise source 
on perceived productivity, compared to do nothing. The second best coping strategy, in terms of effect 
on perceived productivity, is in this case make even a greater effort. The coping strategy that is perceived 
to have the least effect is try to be more quiet and it might seem that it makes no different if someone 
applies this strategy or does nothing. It is worth mentioning that the coping strategies change your desk 
or location and continue work at home cannot be used by every respondent because they have an 
allocated work location or do not have the possibility to work at home. Analyses that are performed 
including only the respondents that are actually able to use these two coping strategies, continue work 
at home is perceived to be the most effective coping strategy. Moreover, it can be concluded that the 
approach strategies have more effect on self-estimated productivity than the avoidance strategies.  

Although it has now been made clear which coping strategies are used in relation to a specific noise 
source, the conclusions are rather sketchy. This chapter provides insights in how often coping strategies 
are applied to a particular noise source, but the analysis can be extended. It is interesting to know 
whether a particular sound source triggers a specific coping strategy. Respondents can opt for a specific 
coping strategy when they are exposed to a specific noise source. To illustrate, it can be analyzed 
whether respondents specifically choose for the coping strategy change your desk when they are 
exposed to intelligible telephone conversations. To work this out in more detail with some extended 
research, sub-question four is provided with more specific and detailed results.  
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CH7. Results 
The previous chapter presented an overview of the data preparation and started with conducting the 

first analyses. As a result, sub question three and four have been answered. This chapter discusses the 

broader data analyses, which answers sub questions five and six. Moreover, sub question three will be 

answered in more detail. The results are presented and will be briefly discussed. In the first section, 

the analysis concerning whether a coping strategy is a specific response to a particular noise source 

will be discusses. Next sections addresses the differences in perception of noise sources and choices 

for coping strategies between various personality types. Moreover, other personal characteristics and 

the  relation  of  these  to  perception  of  noise  and  preference  for  coping  strategies  is  analyzed. 

Subsequently, this chapter ends with a conclusion and discussion. The conclusion ends with an answer 

to the sub questions: ‘What are the effects of different coping strategies on perceived productivity?’ 

and  ‘Is  there  a  distinction  to  be  made  between  groups  that  perceive  noise  and/or  cope  with  it 

differently and on which characteristics do these groups differ?’. In the discussion, the results of the 

analyses are reflected to the findings in the literature review in Chapter 2, 3 and 4. 

7.1 Coping strategies in relation to noise sources 
In section 6.6.1 an overview of the distribution of coping strategies in relation to noise sources is 
displayed. Besides the statements about if a respondent would apply a particular coping strategy if he 
or she is influenced by a noise source, it is also possible to subdivide the various noise sources. This 
provides insights in which coping strategies are chosen in greater extent and which coping strategies to 
a lesser extent when respondents are exposed to specific noise sources. Moreover, it is even possible to 
see whether more approach or more avoidance strategies are chosen to cope with a particular noise 
source. An overview of the coping strategies that are used per noise source can be found in appendix 5.  
 

It is interesting to know whether a coping strategy is a specific response to a particular noise source. For 
example, with the Lift-ratio it can be checked whether continue work at home is a specific coping strategy 
to the noise source intelligible speech near one’s desk. Before the Lift-ratio test can be performed, a X2-
test has to be conducted to check if an employee has a significant preference for a specific coping 
strategy if he or she is exposed to a particular noise source, or that the coping strategies are randomly 
chosen and independent of the noise sources. Appendix 6 provides an overview of the X2-test, including 
the observed and the expected values. As a result, the p-value is 0.00034. The total degrees of freedom 
are 66. Appendix 6 includes also the calculation of the Chi-Square coefficient X2 (=121.90). In 
combination with p = 0.00034 and df = 66. The value of p < 0.01 and therefore it can be concluded that 
there is a preference for a specific coping strategy when an employee is exposed to a particular noise 
source.  
 

As it is concluded that the noise sources and coping strategies are dependent, it is interesting to know 
which coping strategies are a specific reaction linked to a noise source. With the Lift-ratio it is possible 
to discuss the differences between noise sources and the used coping strategies in more detail. The Lift-
ratio can be used to determine to what extent a coping strategy, for example continue work at home, is 
a specific reaction to a noise source. Because the Lift-ratio is not a statistical methodology, it is not 
possible to determine significant conclusions. Therefore, a threshold value needs to be set to draw 
conclusions about if a specific coping strategy can be related to a noise source. Common is to adjust a 
fixed percentage as a threshold. For example, for marketing purposes particular advertisement is sent to 
the 10% of the population that is predicted to respond most likely. Although, for this research is a fixed 
percentage as threshold less applicable, since the purpose is not to reach or determine a target group. 
It is more relevant to set a threshold value, so conclusions can be drawn. This research adapts a threshold 
value of 1.4 for positive relations, and a threshold value of 0.6 (1.0 – 0.4) to analyze negative relations. 
To illustrate, the coping strategy is a specific reaction to a noise source when the Lift-ratio is larger or 
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equal to 1.4. When the Lift-ratio coefficient is lower or equal to 0.6, the coping strategy is specific not 
chosen when a respondent’s perceived productivity is affected by a noise source. Table 25 provides an 
overview of the Lift-ratio values. The values that are larger or equal to the threshold of 1.4 are highlighted 
in green, the values that are lower or equal to the threshold of 0.6 are highlighted in red. 
 
Table 25. Overview of Lift‐ratio coefficients 
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Noise source (X) 
Intelligible speech 
(near one's desk) 1,15 0,79 1,33 0,80 0,72 0,69 0,96 1,29 1,26 1,51 1,85 0,33
Intelligible speech 
adjacent rooms 1,03 1,10 0,68 1,25 1,29 1,04 0,92 0,81 1,09 0,90 0,91 0,89 
Intelligible speech 
common facilities 0,91 0,94 0,94 1,27 1,44 1,19 0,98 0,58 0,81 0,90 0,48 1,31 
Intelligible telephone 
conversations 1,04 0,95 0,93 0,97 0,78 0,84 0,91 1,80 1,15 1,46 0,53 0,74 
Unintelligible 
background 
conversations 0,71 1,39 0,91 0,82 1,05 1,48 1,20 0,74 0,72 0,56 0,71 1,39
People passing by, 
entering, leaving 0,86 0,93 0,92 1,24 0,93 0,96 1,01 0,74 0,95 0,81 0,72 1,70
Sounds particular 
colleague 1,17 1,04 1,15 0,75 0,96 1,03 1,08 0,68 0,81 0,45 1,46 1,13 

 
It is remarkable to notice that there are more positive relations between noise sources and specific 
coping strategies among the avoidance strategies compared to the approach strategies. Among the 
avoidance strategies, there are six Lift-ratio values higher than the threshold of 1.4, compared to the two 
Lift-ratio values among the approach strategies. Moreover, it is striking that only negative relations can 
be noticed between the avoidance coping strategies and noise sources. Additionally, it is remarkable 
that if there is a positive or specific relation between a particular coping strategy and a specific noise 
source, there is also a negative relation between a coping strategy and that specific noise source. This 
could be explained, given by the fact that when there is a clear specific positive relation between a noise 
source and a specific coping strategy, less respondents will choose other coping strategies for that same 
noise sources. This results in negative relations where other coping strategies are hardly chosen when a 
respondent perceive that his or her productivity is affected. 
 

Intelligible speech (near one’s desk) 
When confronted with intelligible speech (near one’s desk), the respondents are more inclined to interrupt 
work or try to be more quiet. Respondents are most inclined to cope by trying to be more quiet (Lift-
ratio = 1.85), followed by the coping strategy interrupt work (Lift-ratio = 1.51) Therefore, these two 
coping strategies can be seen as a specific coping reaction when confronted with intelligible speech (near 
one’s desk). Respondents are least inclined to do nothing when confronted with this noise source (Lift-
ratio = 0.33). Especially for this noise source the negative relation is logical. Intelligible speech near one’s 
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desk is the noise source that is most often indicated by respondents as affecting the perceived 
productivity. It is therefore reasonable that the coping strategy do nothing has a negative relationship 
with this noise source. 
 
Intelligible speech at common facilities  
When respondents are confronted with intelligible speech at common facilities, they are more inclined to 
use the (approach) coping strategy proposal to management (Lift-ratio = 1.44). This seems to be 
reasonable: if respondents are influenced by intelligible speech from, for example the coffee corner, it is 
relatively simple for the management to solve this problem. It does not require expensive measures, only 
move the coffee machine could be a solution. Because the measures to be taken are low-threshold, it 
pays off to make a proposal to the management. Therefore, a respondent will probably choose this 
coping strategy. Respondents are least inclined to use the coping strategies put work off (Lift-ratio = 
0.58) and try to be more quiet (Lift-ratio = 0.48). These coefficients indicate that when respondents 
perceive that their productivity is influenced by intelligible speech at common facilities they deliberately 
do not choose these two coping strategies. Also these coefficients can be explained. If respondents try 
to be more quiet, this coping strategy will not be noticed by talking colleagues at the common facility 
because they are too far away. In addition, intelligible speech at common facilities is probably a noise 
source that is present on a frequent basis and thus put work off every time has less effect. 

Intelligible speech from telephone conversations 
There is also a positive relation between the noise source intelligible telephone conversations and the 
coping strategies interrupt work (Lift-ratio = 1.46) and put work off (Lift-ratio = 1.80). The coping 
strategies assume that the work is postponed till another time or that the work is completely laid down 
for the moment and the respondent starts looking for distractions before resuming work. This could be 
explained by the fact that the respondents suppose that a phone call or telephone conversations does 
not take too long and therefore shortly interrupt or put off work. Besides the positive relation, table 25 
shows that there is a negative relation with the coping strategy try to be more quiet (Lift-ratio = 0.53). It 
can be concluded that when respondents are influenced by intelligible telephone conversations they 
would rarely choose to cope with this noise source by trying to be more quiet. 
 
Unintelligible background conversations  
When confronted with unintelligible background conversations, the respondents are most inclined to use 
earplugs or ear protectors (Lift-ratio = 1.48). Perhaps, this coping strategy will result in other negative 
outcomes. The influence of the noise may be reduced, however, when a colleague is wearing earplugs 
or ear protectors, the threshold to address this colleague may become higher. It may happen that 
employees are afraid to disturb their colleague, while the colleague might be open to answer questions 
or something like that. Additionally, respondents indicate that when unintelligible background 
conversations affect their perceived productivity, they least inclined to choose interrupt work. The Lift-
ratio value of 0.56 indicate that there is a negative relation between the noise source unintelligible 
background conversations and the coping strategy. Last, it need to be mentioned that the coping strategy 
put on music is not highlighted. This is because of the value 1.39, which is not equal or higher to the 
threshold value 1.4. However, because the threshold value is an arbitrary value and 1.39 is very close to 
this threshold, it can still be stated that the coping strategy put on music has often been chosen when a 
respondent perceive that his or her productivity is affected by unintelligible background conversations 
and could more or less be seen as a specific reaction. The same holds for the coping strategy do nothing. 
 
People passing by, entering or leaving the office 
It can be seen in table 25 that there is a strong positive relation between the noise source people passing 
by, entering or leaving and the coping strategy do nothing (Lift-ratio = 1.70).  From this, it can be stated 
that the coping strategy do nothing is a specific reaction to the noise source people passing by, entering 
or leaving the office. In other terms, when a respondent’s perceived productivity is influenced by people 
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who walk by, entering or leaving the office, he or she chooses to take no further actions. The fact is that 
when someone passes by or enters the office, the door or elevator makes noise. This noise is of a very 
short duration, especially compared to the other sources. It will not occur very often that there is a 
continuous noise coming from a closing door or elevator. Therefore, it would be strange when a person 
walks in or enters once, a respondent decides to use earphones or continues work at home. Notice that 
there is no negative relation between this noise source and any coping strategy.  
 
Sounds of a particular colleague 
Last, it can be stated that there is a positive relation between the noise source sounds of a particular 
colleague and the coping strategy try to be more quiet (Lift-ratio = 1.46). Hence, it can be concluded 
that if respondents perceive that their productivity is affected by noise of a particular colleague, the 
respondents respond by trying to be more quiet in the hope that the colleague would do the same. 
Additionally, there is a negative relation between this noise source and the coping strategy interrupt 
work (Lift-ratio = 0.45). This Lift-ratio value indicate that when sounds of a particular colleague affect 
the perceived productivity of respondents, they have a specific coping strategy that they would not 
chose, namely interrupt work.  
 
Avoidance strategies   
As is mentioned in previous sections, both positive and negative Lift-ratio coefficients that are higher or 
equal to the threshold (or lower in case of a negative relation) are mainly among the avoidance coping 
strategies. It would be interesting to highlight these coping strategies and see what happened with the 
Lift-ratio coefficients when only the avoidance strategies are taken into account. Appendix 7 provides 
an overview of the positive and negative Lift-ratio’s, concerning only the avoidance coping strategies. In 
the calculations of the Lift-ratio coefficients are the values of the approach strategies excluded. It can be 
noticed that the same positive and negative Lift-ratio coefficients are highlighted as in table 25, except 
for one. When all coping strategies are included in the analysis, the Lift-ratio coefficients are higher 
compared to the analysis where the approach strategies are excludes. This has consequences for the 
coefficient of intelligible speech common facilities and put work off. As a result, the Lift-ratio is 0.61 instead 
of 0.58. Subsequently, the coefficient is just higher than the threshold value. However, because the 
threshold is an arbitrary value, it still can be stated that put work off is a specific reaction on the noise 
source intelligible speech at common facilities. Remarkable is the coefficient of intelligible speech at 
common facilities and the coping strategy do nothing. This coefficient is one of the exceptions and 
increases from 1.31 to 1.39. Hence, it seems to be that also do nothing is a coping strategy that has been 
chosen more often when respondents perceive that their productivity is influenced by intelligible speech 
at common facilities in comparison with other coping strategies. Summarized, it can be concluded that 
when all coping strategies are included in the analyses, the Lift-ratio coefficients indicate that there are 
stronger positive and negative relations between a noise source and a coping strategy. Respondents are 
more likely to prefer a specific coping strategy when they are exposed to a particular noise source. 
Additionally, the other way around respondents prefer some coping strategies not to choose. 

To sum up, it can be concluded that specific coping strategies are chosen as an employee perceives that 
his or her productivity is influenced by a particular noise source. It differs per noise source which coping 
strategies have a certain preference. In addition, if an employee is exposed to a certain noise source, 
there are also specific coping strategies that have been chosen rarely, or in other terms, that are specific 
not chosen. This also differs per noise source. Table 26 gives an overview of the different coping 
strategies that are a specific reaction to a noise source, and coping strategies that in some cases are 
deliberately not chosen. 
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Table 26. Overview of specific coping strategies that are chosen and not chosen 

Noise source Specific coping strategy Least chosen strategies  
Intelligible speech (near one’s 
desk) 

- Interrupt work 
- Try to be more quiet 

- Do nothing 

Intelligible speech at common 
facilities 

- Proposal to management - Put work off 
- Try to be more quiet 

Intelligible speech telephone 
conversations  

- Put work off 
- Interrupt work 

- Try to be more quiet 

Unintelligible background 
conversations 

- Use earplugs or ear 
protectors 

- Interrupt work 

People passing by, entering or 
leaving 

- Do nothing  

Sounds particular colleague - Try to be more quiet - Interrupt work 
 

7.2 Medium extrovert and high extrovert personality types  
To provide input for sub question 5 (To what extent do personality characteristics influence the perception 
of certain noise sources?) and sub question 6 (Is there a distinction to be made between groups that 
perceive noise and/or cope with it differently and on which characteristics do these groups differ?). It is 
interesting to analyze whether the respondents in the category medium extrovert perceive noise 
differently and choose different coping strategies compared to the respondents in the category high 
extrovert.  

7.2.1 Perception of noise among medium extrovert and high extrovert 
First, the difference in perception of the various noise sources is analyzed. It is possible that there is a 
difference between the medium extrovert respondents and the high extrovert respondents, and which 
noise sources affect their perceived productivity. To illustrate, respondents of the category medium 
extrovert could indicate most often that intelligible speech (near one’s desk) affect their perceived 
productivity, while in the category high extrovert the noise source telephones ringing is most often 
indicated as the noise source that affects perceived productivity.  

With the X2-test it can be analyzed whether both categories perceive the noise sources the same, or 
whether there is a coherence between the score on extrovert and how a respondent perceive  a specific 
noise source. With p = 0.9957 and α = 0.05, it can be analyzed if there is a relation or not. When p <  α, 
there is a relation or association between the score on extrovert and how a respondent perceive a noise 
source. In this case, p > α and therefor there is no relation or association between the score on extrovert 
and the perception of noise. Medium extrovert respondents and high extrovert respondents do not 
perceive noise differently. 

7.2.2 Coping strategies among medium extrovert and high extrovert 
Same as with the difference in perception of the various noise sources, it is interesting to analyze whether 
the respondents in the category medium extrovert choose other coping strategies compared to the 
respondents in the category high extrovert. The X2-test indicate that there is a relation between the score 
on extrovert and the choice for a coping strategy (p=.0107). Now it’s known that there is a relation, it is 
interesting to analyze what this relation implies. When do the medium extrovert prefer other coping 
strategies compared to the high extrovert and vice versa.   
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Intelligible speech (near one’s desk) and intelligible telephone conversations 
When the medium and high extrovert perceive that their productivity is influenced by intelligible speech 
near (one’s desk) or intelligible telephone conversations, the groups do not significantly differ in choices 
for a specific coping strategy (p=.8743 and p=.0.9382, see appendix 8).  

Intelligible speech in adjacent rooms 
When respondents perceive that their productivity is influenced by intelligible speech in adjacent rooms, 
those in the medium extraversion group make significantly different choices between the coping 
strategies continue work at home, put work off and try to be more quiet than those in the high extraversion 
group (Fisher’s exact, p=.084, see appendix 9). The high extrovert choose more often for try to be more 
quiet compared to the medium extrovert, who prefer more often the other two coping strategies. The 
other coping strategies (tested with X2-tests) did not show significant differences.  
 
Intelligible speech at common facilities  
When respondents are confronted with intelligible speech at common facilities, those in the high 
extroversion group make significantly different choices between the coping strategies continue work at 
home, put work off and try to be more quiet compared to those in the medium extraversion group 
(Fisher’s exact, p=.0637, see appendix 9). The high extrovert choose more often for put work off, while 
the medium extrovert choose more often continue work at home. The other coping strategies (tested 
with X2-tests) did not show significant differences.  
 
Sounds of a particular colleague  
When respondents perceive that their productivity is influenced by sounds of a particular colleague, the 
medium and high extrovert differ significantly in choices between the coping strategies put work of, 
interrupt work and try to be more quiet (Fisher’s exact, p=.008, see appendix 9). The medium extroverts 
choose more often interrupt work. However, the high extroversion group is inclined to choose more 
often try to be more quiet. The other coping strategies (tested with X2-tests) did not show significant 
differences.  
 

Unintelligible background conversations and people passing by, entering or leaving the office  
When respondents are confronted with unintelligible background conversations or people passing by, 
entering or leaving the office the Fisher’s exact test and X2-tests show no relation between the noise 
source confronted with and the coping strategy a respondent chooses.  
 
To sum up, the following can be concluded from the previous above , see table 27: there are differences 
between medium extrovert and high extrovert respondents with regard to their choice for a particular 
coping strategy. This difference can be seen when respondents perceive that their productivity is 
influenced by intelligible speech in adjacent rooms or at common facilities, or by sounds of a particular 
colleague.  
Table 27. Overview of difference in coping between medium extrovert and high extrovert 

Noise source α Medium extrovert High extrovert 
Intelligible speech in adjacent 
rooms 

0.1 Continue work at home Continue work at home 

Put work off Put work off 

Try to be more quiet Try to be more quiet 

Intelligible speech at common 
facilities 

0.1 Continue work at home Continue work at home 
Put work off Put work off 
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Try to be more quiet Try to be more quiet 
Sounds of a particular 
colleague 

0.01 Put work off Put work off 
Interrupt work Interrupt work 
Try to be more quiet Try to be more quiet 

 

7.3 Medium neurotic and high neurotic personality types  
Another personal characteristic on which the sample can differ is neuroticism. In a like manner it can be 
analyzed if there is a difference between the low and high neurotic respondents in perception of the 
various noise sources. The c that there is no relation between the score on neuroticism and the 
perception of noise sources (p=.9896). This means that the medium neurotic and high neurotic 
respondents do not perceive the various noise sources different. Moreover, it can be analyzed if the two 
categories prefer other coping strategies when they are exposed to a specific noise source.  

7.3.1 Coping strategies among medium neurotic and high neurotic  
Same as with the difference in perception of the various noise sources, it is interesting to analyze whether 
the respondents in the category medium neurotic prefer other coping strategies compared to the 
respondents in the category high neurotic. The X2-test indicate the medium neuroticism group choose 
significant different coping strategies compared with the high neuroticism group (p=.0657).  Therefore, 
per noise source a X2-test (or Fisher exacts test) is examined to analyze if there is a difference in 
preference for a coping strategy between the low and high neurotic respondents.  

When respondents perceive that their productivity is influenced by intelligible speech (near one’s desk), 
there is no difference in chosen coping strategies between the medium and high neurotic respondents 
(p=.5081, see appendix 10). The same holds for the noise source intelligible telephone conversations 
(p=.4819, see appendix 10). For all other noise sources, both a X2-test as well as a Fisher’s exact test has 
to be performed to analyze the relation between the various coping strategies and the noise sources. 
All results can be seen in appendix 11. The others coping strategies per noise source did not show 
significant differences.  

These outcomes are remarkable, because the X2-test with a p-value of 0.0657 indicate that there should 
be a difference in choices medium and high neurotic respondents made regarding to the coping 
strategies. The X2-test showed that medium neurotic respondents have a strong preference for the 
coping strategy continue work at home compared to the high neurotic respondents. Moreover, the 
coping strategy proposal to management shows that high neurotic respondents have chosen more often 
for this specific coping strategy in comparison with the medium neurotic respondents. A reason for not 
noticing this difference in the X2-test per noise source could be that the means of the low and high 
neurotic groups are very similar to each other. In other words, the groups do not differ that much. This 
could be an explanation for the reason why the difference is only visible in the coping strategies in 
general and not noticeable when focusing on the various noise sources.  
 
7.4 Other personal characteristics 
Besides the personal characteristics based on the personality traits extraversion and neuroticism, there 
are also some other characteristics that could influence the perception of noise, or the preference for a 
particular coping strategy. The effect of age and gender on perception and the choice for a coping 
strategy is discussed in the following.  

7.4.1 Gender 
Besides extraversion and neuroticism, gender is also a personal characteristic that could influence the 
perception of certain noise sources or the preference for a coping strategy. The X2-test indicate that 
there is no relation between gender and the perception of noise in this sample (p=.6417). Men and 
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women do not perceive noise differently. However, if the relation between gender and the choice for a 
particular coping strategy is analyzed, there is an association noticeable (p=.000, see appendix 12). It 
can be stated that men have a strong preference for the coping strategies put on music and change your 
desk, while women have a strong preference for discuss noise problem with your colleague. Besides, they 
are more likely to choose do your work more slowly and try to be more quiet in comparison to men. 

7.4.2 Age 
Last personal characteristic that will be analyzed and could have influence on the perception of noise 
and the preference for a coping strategy is age. The sample is divided into four categories: 15-25, 25-
35, 36-45 and 46+. The age cohorts (tested with X2-tests, see appendix 13) did not show significant 
differences in perception. However, the age cohorts do show a significant difference in preference for a 
specific coping strategy. By comparing the observed and the expected values, it can be concluded that 
the respondents in the categories 26-35, 36-45 and 46+ have a preference for some specific coping 
strategies. Table 28 shows the preference of the different age categories. To illustrate, the coping 
strategy discuss noise problem with your colleague have been chosen more often by respondents that 
are between the age of 26 and 35, while respondents that are older than 45 are likely to not choose this 
specific coping strategy. Another example is that respondents that are between the age of 26 and 45 
are likely to choose the coping strategy make even a greater effort while respondents that are 46+ are 
more likely to choose not this coping strategy and prefer other strategies.   
 
Table 28.. Overview of preferences and non‐preferences (observed – expected) 

Noise source  15‐25  26‐35  36‐45  46+ 

Discuss noise problem with colleague  7  17  13  ‐36 

Put on music  ‐1  ‐29  ‐5  35 

Continue work at home  0  ‐2  ‐8  9 

Change your desk  ‐3  ‐15  ‐4  21 

Proposal management  2  ‐5  10  ‐7 

Earplugs / earprotectors  ‐1  8  ‐16  8 

Make even a greater effort  ‐10  15  20  ‐25 

Put work off  2  0  1  ‐3 

Do work more slowly  4  7  ‐3  ‐8 

Interrupt work  2  3  1  ‐6 

Try to be more quiet14  2  9  ‐2  ‐8 

Do nothing  ‐3  ‐8  ‐8  19 
  *p=0.000 

7.5 Conclusion 
Chapter 7 consist of input to answer sub question three in more detail:  

‘’Which coping strategies occur when certain noise sources affect perceived productivity of employees?’’ 

Additionally, previous sections provided input to answer sub question five and six: 
 
‘’To what extent do personality characteristics influence the perception of certain noise sources?’’ 
 
‘’Is there a distinction to be made between groups that perceive noise and/or cope with it differently and 
on which characteristics do these groups differ?’’ 
 
Employees who perceive that their productivity is influenced by intelligible speech (near one’s desk) 
choose specifically for the coping strategies interrupt work and try to be more quiet. Moreover, they 
deliberately do not choose for the coping strategy do nothing. This last one seems reasonable as this 
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noise source is most often indicated by respondents as affecting the perceived productivity. When 
employees perceive that their productivity is influenced by intelligible speech at common facilities they 
specifically choose to cope with the (approach) strategy proposal to the management. The coping 
strategies they consciously not choose are put work off  and try to be more quiet. When employees are 
confronted with intelligible speech from telephone conversations, they specifically choose for the coping 
strategies put work off and interrupt work. This could be explained by the fact that the respondents 
suppose that a phone call or telephone conversations does not take too long and therefore shortly 
interrupt or put off work. Employees who are confronted with this coping strategy will specifically choose 
not to try to be more quiet. Unintelligible background conversations trigger specifically the (approach) 
coping strategy use earplugs or ear protectors. The coping strategy that is avoided when this noise source 
affects an employee’s perceived productivity is most often interrupt work. Employees who perceive that 
their perceived productivity is affected by people passing by, entering or leaving the office choose 
specifically for the coping strategy do nothing. This makes sense, because this noise source is often of a 
very short duration and less frequent compared to other noise sources. If an employee perceives that 
his or her productivity is influenced by sounds of a particular colleague, the coping strategy try to be 
more quiet can be marked as a specifically reaction. Besides, he or she chooses specific not for the 
coping strategy interrupt work. Notice that intelligible speech in adjacent rooms has no positive nor 
negative relation with one of the coping strategies.  
 
There are no difference in how medium extrovert and high extrovert respondents perceive the various 
noise sources. However, there are difference between medium extrovert and high extrovert respondents 
with regard to their choice for a specific coping strategy. This is different for each noise source. The noise 
sources intelligible speech (near one’s desk), intelligible telephone conversations, unintelligible background 
conversations and people passing by, entering or leaving do not show any differences between the choice 
for a specific coping strategy and the score of a respondent on extrovert.  
 
In the case of intelligible speech in adjacent rooms, intelligible speech at common facilities and sounds of 
a particular colleague there are some difference between medium and high extrovert respondents. When 
respondents perceive that their productivity is influenced by intelligible speech in adjacent rooms, high 
extrovert make significantly different choices between the coping strategies continue work at home, put 
work off and try to be more quiet compared to the medium extrovert. High extrovert are more inclined 
to choose try to be more quiet, while medium extrovert prefer more often the other two coping strategies. 
When respondents are confronted with intelligible speech at common facilities, the high extroversion 
group make different choices between the coping strategies continue work at home, put work off and try 
to be more quiet than the medium extroversion group. The high extrovert prefer put work off, while the 
medium extrovert choose more often continue work at home. Last, when respondents perceive that their 
productivity is influenced by sounds of a particular colleague, the medium and high extrovert differ 
significantly in choices between the coping strategies put work of, interrupt work and try to be more quiet. 
The medium extroverts choose more often interrupt work. However, the high extroversion group is more 
inclined to choose more often try to be more quiet.  
 
Low and high neurotic respondents do not differ in perception of the various noise sources. Additionally, 
it is analyzed if there are differences between these two categories regarding the choices for coping 
strategies. Reviewing the coping strategies in general, it can be concluded that medium neurotic 
respondents have a strong preference for continue work at home, while high neurotic respondents have 
a stronger preference for proposal to management. However, analyses of the coping strategies that are 
chosen per noise source don’t show any differences between these two categories. This could be 
explained by the fact that the two categories are quite similar because of the distribution of neurotic 
personality types in the sample.  
 
Besides the personality types, it can be concluded that men have a stronger preference for the coping 
strategies put on music and change your desk, while women have a strong preference for discuss noise 
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problem with your colleague. Additionally, women are more likely to choose do your work more slowly 
and try to be more quiet. Second, age has an effect on how people cope with the various noise sources. 
Discuss noise problem with colleague have been chosen more often by the group between 26-35, while 
the group 46+ choose this coping strategy to a much lesser extent. For the coping strategy put on music 
is this the other way around: 46+ have a preference for this coping strategy, while 26-35 not prefer this 
coping strategy. Change your desk is more likely to be chosen by people of 46+, while the group 26-35 
do not prefer this coping strategy. The coping strategy use earplugs or ear protectors is likely not to be 
chosen very often by the group 36-45. Make even a greater effort is specific chosen by the group 26-45, 
while the group 46+ avoid this coping strategy. Last, do nothing is a preferred coping strategy for the 
group 46+.  
 
To summarize, it can be concluded that there are no personal characteristics that influence the 
perception of certain noise sources. Extraversion, nor neuroticism seems to have influence on how 
people perceive the various noise sources. Neither the personal characteristics gender and age have. 
Nevertheless, there are certainly personal characteristics that have an influence on how people cope with 
noise. As argued above are there differences between how people cope with noise if they are divided 
into medium extrovert and high extrovert. Medium extrovert prefer other coping strategies when their 
perceived productivity is influenced by particular noise sources in comparison with high extrovert. 
Furthermore, the respondents can be divided into age cohorts. Age is of influence on which coping 
strategies are preferred when the respondents are exposed to various noise sources which affect their 
perceived productivity. Last, the personal characteristics gender is of influence on which coping strategy 
is chosen when people perceive that their productivity is influenced by office noise.  
 
7.6 Discussion  
This section includes a reflection of the analyses in chapter 6 and 7, and the findings in the literature 
review in Chapter 2, 3 and 4.  
 

7.6.1 Coping strategies 
Leventhall (2003) state that extended research could be done on various recommended strategies for 
management of noise problems and how managers could consult with several coping strategies. 
Although, since the acknowledgement of Leventhall in 2003, hardly any research succeeded in adding 
new evidence in the field of coping strategies. It is this research that tried to provide new information 
for CRE and HR managers on the various ways employees can cope with noise. The aim was to provide 
insights in specific coping strategies linked to certain noise sources. So, an inventory of the various noise 
sources that are present in an (office) building would provide information into the different coping 
strategies that are present in the workplace.  
 
The results show interesting findings on the used coping strategies. First of all it can be concluded that 
in general, more avoidance coping strategies are used in comparison with approach coping strategies if 
employees perceive that their productivity is negatively affected. It can be argued that the avoidance 
strategy make even a greater effort is the most used strategy, followed by the approach strategy discuss 
noise problem with your colleagues. Second, the results in section 7.1 show that particular noise sources 
trigger specific coping reactions. There are some reasonable explanations for various specific coping 
reactions that are not described in the literature. When employees are confronted with intelligible speech 
at common facilities, they are more inclined to use the coping strategy proposal to management. This 
seems to be reasonable: if respondents are influenced by intelligible speech from, for example the coffee 
corner, it is relatively simple for the management to solve this problem as it does not require expensive 
measures, only move the coffee machine. Employees are least inclined to choose the coping strategy try 
to be more quiet. Also this has a reasonable explanation, as trying to be more quiet sort no effect 
because this coping strategy will not be noticed by the talking colleagues at the common facility because 
they are too far away. A last remarkable conclusion is that put on music is more or less a specific coping 
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reaction to the noise source unintelligible background conversations. As the control variables indicate 
in section 6.4, lot of the respondents indicate that there are no concentration spots available at their 
workplace. Unintelligible background conversations is a noise source that could be present in the entire 
office the whole day. Therefore it is reasonable that employees choose this specific coping strategy to 
reduce the noise in some way. Section 7.1 confirmed that if a specific coping strategy is trigged by a 
noise source, this is often a avoidance strategy. Additionally, it is also confirmed that there are specific 
coping strategies that have been chosen less often. If an employee perceives that his or her productivity 
is influenced by a particular noise source, he or she choose consciously not for a specific coping strategy.  
 
Kaarlela- Tuomaala et al. (2009) state in their study that negative effects of the acoustic environment 
increased concentration difficulties and the use of coping strategies to compensate. These 
compensations and the use of coping strategies may affect an employee’s productivity, though was 
never been examined or described before. As a result, the literature provides almost no evidence of the 
effects of coping strategies on productivity. Chapter 6 includes an analysis with the aim to see what the 
effects are of different coping strategies on perceived productivity. Although the results show that more 
avoidance strategies are used and avoidance strategies are often a specific coping reaction to a particular 
noise source, section 6.6.2 shows that employees indicate that the approach strategies are better for 
their productivity. It can even be stated that discuss the noise problem with your colleagues has the most 
effect on perceived productivity. It is striking that employees choose to apply specific coping strategies 
that have less effect on the perceived productivity. This can have a number of reasons. As indicated in 
Chapter 3, the approach behavior strategies include the coping  strategies continuous work at home and 
change your desk or location. It could be that these two strategies are more difficult to apply because 
not all respondents are allowed to work at home or they have been assigned to a fixed workplace. If 
they do not have these coping options at work, it is not possible to use these coping strategies. However, 
they can indicate that these coping strategies are more advantages for their productivity, but in their 
situation they have to choose less effective coping strategies.  
 

7.6.2 Extraversion 
In section 4.2.1 is stated that several studies have shown that the tolerance and preference of noise 
levels differ among extroverts and introverts. Extroverts have a higher optimum arousal threshold 
compared to the introverts (Oseland and Hodsman, 2015). In addition, Geen (1984) stated that 
extroverts are also more resistant to noise. One would expect therefore that extrovert and introvert 
would perceive office noise different.  
 
The results indicate that there is no difference between these groups in perception of office noise. 
Although, the high extrovert are clearly more extrovert compared to the medium extrovert, there are no 
differences in perception. The differences between the findings in the literature and the research results 
could be explained by the fact that the group medium extrovert is still reasonably extrovert. It may be 
that the group medium extrovert consist of too few introverted personalities to create a statement about 
the differences in perception between introvert and extroverted people. The literature states that there 
are differences between introvert and extrovert, while it can be argued that during this research, the 
differences between extroverted respondents and less extroverted respondents have been examined, 
where no differences have been observed.  
 
Mehrabian (1977) confirmed with empirical evidence that employees’ reactions differ from person to 
person. He made a distinction between screeners and nonscreeners. Consistent with Mehrabian’s 
hypothesis, screeners could be seen as more extroverted personality types and thus are less affected by 
crowingding and spatial density, compared to the nonscreeners, who seems to be more introverted 
personality types (Baum, Calesnick, Davis and Gatchel, 1982; Mehrabian, 1977). Mehrabian found that 
the screeners (extrovert) effectively reduced the overstimulation, while nonscreeners (introvert) could 
not effectively block excessive stimulation and tend to become over aroused and overstimulated. 
Different coping would be expected. The results in Chapter 6 indicate that the in some cases medium 
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extrovert and high extrovert respondents cope different with noise. Table 27 provides an overview of 
the different preferences in coping strategies between medium extrovert and high extrovert. It should 
be noted that this results again indicate differences between extroverted people and less extroverted 
people. As was the case with noise perception it is no different for the coping strategies. Again, the 
literature conclude that there is a difference in coping strategies between extrovert and introvert, while 
it cannot be assured that the medium extrovert category is representative for introverts.   

 
7.6.3 Neuroticism 

As is stated in section 4.2.2, neurotic personality types have been related to a more worse response to 
stressors than average. As noise is one of the stressors in the physical work environment, this could lead 
to problems. According to the literature, neurotic personalities are more affected by noise (Matthews et 
al., 2004) and perform tasks relatively poorly during noisy conditions (Kryter, 1970). Therefore it is argued 
that people with more neurotic personality types are more affected by noise sources and respond to it 
in a different way. Data analyses show that there was no difference in perception of noise between the 
medium neurotic and high neurotic respondents. Additionally, no differences were found in coping 
behavior between the two groups. Although the literature state that there should be differences in 
perception and coping behavior, this could not be found in the results. This could be explained by the 
fact that the respondents in the different groups do not differ much from each other. Figure X and X 
confirm this, as it is visible that the means of the groups are close to each other.  

7.6.4 Gender and age 
As is stated in section 4.1, several studies tried to clarify if men or women are more sensitive to noise. 
Kaarlela et al. (2009) state that women are significantly more sensitive and more disturbed by noise. 
Rogers et al. (2003) concluded the same as their results indicate that males accept higher levels of 
background noise in this research. However, there are also studies who prove that there is no difference 
to be found between men and women and the satisfaction with acoustics. In fact, Choi, Aziz and Loftness 
(2009) state that there is no difference found between genders in satisfaction with acoustics. It may be 
clear that the reviewed literature does not have an unambiguous outcome whether men or women 
perceive more noise in an (office) environment.  Additionally, Kaarlela et al. (2009) state also that because 
women are more noise-sensitive and disturbed by noise, they are also using more coping strategies 
compared to men.  
 
The results of this research show that there is no relation to be found between gender and the perception 
of the various noise sources. Men and women do not perceive the noise sources differently in this 
research. Therefore the ambiguity that still exists in the literature is also maintained in this research.  On 
the other hand, there is a difference noticed in the way men and women cope with the noise sources. It 
cannot be substantiated that women use more coping strategies compared to men, yet the results show 
that men and women prefer other coping strategies. Men have a strong preference for the coping 
strategies put on music and change your desk, while women have a strong preference for discuss noise 
problem with your colleague. Besides, they are more likely to choose do your work more slowly and try to 
be more quiet in comparison to men. 

It seems plausible to state that the older someone gets, the less he or she perceived due to hearing loss. 
However, as is already state in section 4.1, the relation between age, hearing loss and noise perception 
is quite more complex and difficult. Undoubtedly age influences hearing loss and to ability to hear noise. 
However, environmental influences have also an effect on hearing loss, such as often visiting festivals 
and concerts, or listening to loud piped-in music. All these factors together make it hard to distinguish 
if the perception of noise is cause through age and indirectly age-related hearing loss, or from other 
reasons. The results of the analyses in this chapter can also not confirm that there is any relation between 
age and how someone perceives the noise sources. However, as is described in detail in section 7.4.2, 
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there is a relation between age and the choice for a particular coping strategy. However, the literature 
state almost nothing about the effect of age on coping behavior, it can be concluded that there are 
preferences depending on age. The younger generation (26-35) prefer the coping strategies discuss 
noise problem with colleague and make even a greater effort. The latter coping strategy is also preferred 
by people between 36-45. Though, the group 46+ prefers complete other coping strategies, namely put 
on music, change your desk and do nothing.  

7.6.5 Noise sources 
As is described in detail in chapter 2, human generated noise is one of the most disturbing factors in 

the office environment, especially speech from internal conversations and phone calls. In this case it 

is not the volume of the (telephone) conversation, but the intelligibility of these conversations that 

leads  to  distraction.  Section  6.3  provides  an  overview  of  how  many  respondents  indicate  that  a 

particular noise source  influences  their perceived productivity.  It  can be concluded  that  intelligible 

speech near one’s desk and from telephone conversations are most often indicated as affecting the 

perceived productivity.  It can be stated that the results of this research confirm the findings  in the 

literature.  

As is mentioned in the introduction, telephones ringing is the second most distracting noise sources in 

an office  environment,  after  (intelligible)  speech.  The  last  decade  the office  environment  changed 

frequently, where landline telephones on the desks were changed for mobile devices. It could be the 

case that with the introduction of more and more mobile devices, which have an easy to use mute 

function, the noise source telephones ringing is less common in the office environment. However, is 

the  results  show  that  telephone  ringing  is  still  the most often  indicated as affecting  the perceived 

productivity after intelligible speech.  
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CH8. Conclusions and recommendations 
Previous chapter presented the results of various data analysis. These results are reflected to the findings 
in the literature review. To conclude this research, chapter 8 presents the main findings of the research 
and draw some final conclusions. Additionally, the main research question is answered. Besides, this 
chapter includes both scientific and practical implementations. The chapter ends with a discussion of the 
limitations of this research, as well as the recommendations for further research 

8.1 Conclusion 
The aim of this research was to provide insights in the effects of different sources of noise in office 
environments on perceived productivity and how different types of employees cope with it. In addition, 
this research aimed to provide insights in the effects of coping behavior on perceived productivity. The 
main research question that was composed is: 
 
What is the effect of different types of noise on perceived productivity and coping behavior in the open-
plan office environment and which coping strategies are perceived as most effective? 

In order to answer the main research question, six sub questions were composed and answered: 

1. What causes noise in the office environment and what are noise characteristics? 
2. What is the relation between noise and productivity? 
3. Which coping strategies occur when certain noise sources affect perceived productivity of 

employees? 
4. What are the effects of different coping strategies on perceived productivity? 
5. To what extent do personality characteristics influence the perception of certain noise sources? 
6. Is there a distinction to be made between groups that perceive noise and/or cope with it 

differently and on which characteristics do these groups differ?  

The first two sub question, and a part of sub question 3 have been answered by the literature review. 
The remaining sub questions were answered with results from the questionnaire, which was composed 
to collect data about noise sources in the office environment, chosen coping strategies, the effect of 
these coping strategies on productivity and personal characteristics. The questionnaire was distributed 
among 461 office workers of three companies. After data preparation this resulted in a final sample of 
150 respondents. With the data of these 150 respondents, several analysis techniques were used to draw 
conclusions.  

During the literature review, twelve noise sources that are present in the office environment were 
extensively described and defined, subdivided in four categories: speech and conversations, office 
equipment, installations and background noise. It can be concluded that the noise source intelligible 
speech conversations (near one’s desk) is the noise source that by respondents is most often indicated as 
affecting perceived productivity (80.7%), followed by intelligible speech from telephone conversations 
(74.0%) and telephones ringing (59.3%). The two noise sources that are least often associated with 
negative effects on perceived productivity are music (radio or piped-in) (16.7%) and ventilation or air-
conditioning system (18.7%). It can be concluded that the noise sources from the category speech and 
conversations are most often indicated as affecting the perceived productivity.  

Additionally, the literature described various coping strategies which can occur in the office environment 
when employees are suffering from various noise sources. Coping behavior in relation to noise can be 
conceptualized and distinguished in approach coping strategies and avoidance coping strategies. 
Approach coping strategies includes engaging with the pain it causes, such as manage to respond to 
noise or seeking for treatment, while avoidance coping strategies refer to strategies of engaging efforts 
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away from the noise, such as ignoring. It can be concluded that employees who perceive that their 
productivity is influenced by office noise, more often use avoidance strategies in comparison with 
approach strategies. By far, the two most chosen coping strategies are the avoidance strategy make even 
a greater effort (49.81%) and approach coping strategy discuss the noise problem with your colleagues 
(43.6%). The least chosen coping strategy is try to be more quiet in the hope that your colleagues do the 
same (5.84)%. It is interesting to see that the avoidance coping strategies are applied most, though the 
respondents indicate that the approach strategies have more effect to reduce the negative effects noise 
has on their perceived productivity. It can be concluded that the (approach) coping strategies discuss 
noise problem with your colleagues has the most effect on perceived productivity, followed by the 
approach strategy continue work at home compared to the situation where a respondent does nothing. 
Try to be more quiet is the coping strategy that has the least effect on perceived productivity. It even can 
be stated that doing nothing has more effect than try to be more quiet. It is worth mentioning that the 
coping strategies change your desk or location and continue work at home cannot be used by every 
respondent because they have an allocated work location or do not have the possibility to work at home. 
Analyses that are performed including only the respondents that are actually able to use these two 
coping strategies, continue work at home is perceived to be the most effective coping strategy.  

With the Lift-ratio it is possible to discuss the difference between noise sources and the used coping 
strategies in more detail. The Lift-ratio is used to determine to what extent a coping strategy a specific 
reaction is to a noise source. The Lift-ratio is calculated for human generated noise, such as intelligible 
and unintelligible speech, movement of employees and specific sounds of colleagues. Results show 
interesting findings on these specific coping reactions. It can be concluded that specific coping strategies 
are chosen as an employee perceives that his or her productivity is influenced by a particular noise 
source. It differs per noise source which coping strategy or strategies have a certain preference. Besides, 
there are also coping strategies that have been chosen rarely, or that are specifically not chosen, when 
an employee’s perceived productivity is influenced by office noise. It can be concluded that the coping 
strategies interrupt work and try to be more quiet are specific coping strategies on the noise source 
intelligible speech (near one’s desk). Do nothing is a coping strategy that is specifically not chosen. 
Proposal to management is a specific coping reaction on intelligible speech at common facilities, while 
put work off and try to be more quiet are coping strategies that are rarely chosen. Put work off and 
interrupt work are specific coping strategies to intelligible speech from telephone conversations. However, 
try to be more quiet is a coping strategy which is specifically not chosen. Use of earplugs or ear protectors 
is a specific coping strategy when respondents are confronted with unintelligible background 
conversations, while interrupt work is specifically not chosen. When respondents perceive that their 
productivity is affected by people passing by, entering or leaving the office they choose to do nothing. 
Last, sounds of particular colleague has try to be more quiet as specific coping strategy, while interrupt 
work is rarely chosen.  

There are also personal characteristics that influence the perception of noise and the preference for a 
specific coping strategy. First, it can be concluded that high extroverts and medium extroverts do not 
perceive noise differently. However, it can be stated that there are differences between medium 
extroverts and high extroverts with regard to their choice for a particular coping strategy. There is a 
difference in preference for a specific coping strategy when high extroverts and medium extroverts are 
influenced by intelligible speech in adjacent rooms or at common facilities, or by sounds of a particular 
colleague. When respondents are confronted with intelligible speech in adjacent rooms the high extrovert 
are more inclined to choose try to be more quiet, while the medium extrovert are more inclined to choose 
continue work at home or put work off. When respondents perceive that their productivity is influenced 
by intelligible speech in adjacent rooms, the medium extrovert prefer to continue work at home, while the 
high extrovert are more inclined to put work off. Last, when respondents are confronted by sounds of a 
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particular colleague, the high extrovert choose more often to try to be more quiet. However, the medium 
extrovert are more inclined to choose interrupt work. To all other coping strategies and noise sources 
applies that there is no relation between extrovert and the coping strategy someone would choose. 
Besides the personality trait extraversion, there are also analyses completed for the personality trait 
neuroticism. Subsequently, it can be concluded that high neurotic personalities and medium neurotic 
personalities do not perceive office noise different, however they do prefer other coping strategies. After 
all, it can be concluded that medium neurotic employees choose more often for continue work at home. 
Moreover, high neurotic employees have a strong preference for proposal to management.  

Additionally to the personality traits, there are also personal characteristics, such as gender and age, that 
influence the choice for a specific coping strategy. The X2-tests confirmed that men have a strong 
preference for the coping strategies put on music and change desk, while women have a strong 
preference for the coping strategy discuss noise problem with your colleague. Besides, women choose 
more often for do your work more slowly and try to be more quiet. A X2-test with the variable age confirms 
that age does also influence the preference for a coping strategy. It can be concluded that employees 
between 15-25 do not have a preference for a particular coping strategy. However, respondents between 
26-35 choose more often for discuss noise problem with colleague and make even a greater effort, while 
they would rarely choose put on music and change your desk. Employees between 36-45 have a strong 
preference for make even a greater effort and choose rarely for earplugs or ear protectors. Last, employees 
of 46 and over choose more often for the coping strategies put on music, change your desk and do 
nothing. Besides, they did not prefer discuss noise problem with colleague and make even a greater effort. 

In conclusion, this research examined the effects of office noise on perceived productivity and coping 
behavior. Based on the analysis and the results, it can be concluded that a distinction can be made 
between the noise sources and their effect on perceived productivity. Speech and conversations are 
most often indicated as affecting the perceived productivity, including intelligible speech near one’s desk 
and from telephone conversations. Employees choose different coping strategies to respond to these 
noise sources. The effect of these coping strategies on perceived productivity differs per strategy, but in 
general it can be stated that discuss the noise problem with your colleagues and continue work at home 
are the most effective strategies In addition, it appears that a number of noise sources trigger a specific 
coping reaction. When employees are exposed to a noise source which affect their perceived 
productivity, they cope with a specific coping reaction. The preference for a particular coping strategy 
also differs per group. Employees can be divided into gender or age, but also in high extrovert and 
medium extrovert. These groups will experience noise differently and/or cope differently.  

8.2 Relevance and implementations 
The intention of this research is to be relevant for both scientific as well as practical purpose. The 
intention of scientific relevance is to facilitate new insights into the research gap of existing scientific 
knowledge, including the perceived effects of noise, coping behavior in relation to noise and the effects 
of coping behavior on perceived productivity. In addition, the practical relevance is important so that 
this research adds value that can be applied in practice by for example Corporate Real Estate managers, 
HR-managers or Facility managers. 
 

8.2.1 Scientific relevance 
The quality of the physical work environment is based on several ambient attributes in the office 
environment, on which to date extensive research has been done on the effects of light, air quality and 
temperature on employee health (see e.g. Seppanen & Fisk, 2006; Veitch, 2001). Many studies focus on 
these ambient factors, while less was known about acoustics in the office environment (see e.g. Evans et 
al., 2000; Sundstrom 1994; Haapakangas et al. 2008). This research contributes to the knowledge in the 
research field of noise and acoustics in the office environment. It provides insights to understand 
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acoustics and various noise sources better. Moreover it described the importance of acoustics in the off 
environment which should not be underestimated.  
 
In the topic of ambient factors, research has been done on the impact of these factors on productivity 
and performances of employees. Much research has been focused on the effect of these ambient factors 
on individual task performance, such as proof reading, mental arithmetic, detection of complicated 
errors and errors during text typing (Hongisto, 2005; Venetjoki et al.; 2006). The existing studies seldom 
focus on the perceived effects. In this research the effects of various noise sources on perceived 
productivity are determined, as well as the effect of coping strategies on perceived productivity.   
 
Concerning the coping behaviors, there were studies that examined coping behavior (e.g. Arya, 2017), 
but just a few that conducted research on the effect of coping behavior on noise (Leventhall, 2003;  
Kaarlela-Tuomaala et al., 2009). Not much evidence existed about different coping strategies in relation 
with noise. This research defined several coping strategies to cope with noise. Next, it provided insights 
in preferred coping strategies when an employee is exposed to a particular noise source. With these 
insights, coping behavior that noise can trigger could be better understood. Moreover, the results show 
that there is a difference in preferred coping strategies when gender, age or personality traits differ 
among employees. Different groups prefer different coping strategies.  
 
Studies like Roelofsen (2007), Field and Fricke (2008) and Haapakansgas et al. (2008) show that speech 
is one of the most distracting noise sources in an office environment, followed by telephones ringing 
(Pan and Cheung Chan, 2007; Haapakansgas et al. 2008). The results of this research partly confirm this 
notion. The noise source intelligible speech and conversations (near one’s desk) is the noise source that 
by respondents is most often indicated as affecting perceived productivity, followed by intelligible 
speech from telephone conversations and telephones ringing. However, it provides no information to 
what extent these noise sources influence the perception of productivity, it indicates that these three 
noise sources are most often associated with affecting perceived productivity.  
 

8.2.2 Practical implementations  
Besides the scientific relevance, the results of this research are transformed into practical 
recommendations for Corporate Real Estate managers, HR-managers or facility managers.  

The problem of acoustics is still recognized too little by management. Bad acoustic conditions in office 
environments are not taken into account at strategic decision moments in the housing process. It 
receives in most cases not the same level of design attention as thermal, ventilation and other 
architectural and engineering considerations. This research provides new information for, among others, 
CRE managers, HR-managers and Facility managers. This study confirmed that speech and 
conversations, such as intelligible speech near one’s desk or from telephone conversations, have a 
negative effect on the perceived productivity of employees. Moreover, also ringing telephones affect 
the perceived productivity. Based on the noise sources that are present in an office environment, a CRE 
manager could conclude which noise sources have a major effect on the perceived productivity of his or 
her workforce. One could take specific measures to these noise sources to reduce the negative effects. 
To illustrate, if a CRE manager or Facility manager is involved in a rehousing or transformation he or she 
can indicate which noise sources would be present in the new situation. If there will be lot of intelligible 
speech from telephone conversations it will influence the perceived productivity of the workforce. A CRE 
manager of Facility manager could anticipate in this during the design phase. They can implement 
telephone booths in the plan or concept to reduce or even avoid the negative effects of this noise source.   

The results of this research show that there are specific coping strategies in relation with particular noise 
sources. This means for an HR-manager that when a specific coping strategy is present in an office 
environment, this an indication is for the noise sources that are present and have influence on the 
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perceived productivity of the employees. As an HR-manager knows which noise sources are present, the 
manager act on this. For example, if a manager notices that employees put their work off quite often, or 
interrupt their work various times a day, this could be an indication that the noise source intelligible 
speech (telephone conversations) affect the perceived productivity of the employees. Another example is 
when the manager notices that employees use earplugs or ear protectors, this is an indication that there 
are unintelligible background conversations that affect the perceived productivity of employees. With 
these results and new information, HR-managers have better insights in the noise sources that are 
present and can take more specific measures against these noise sources.  

Based on personal characteristics, groups can be created which differ on perception of noise or 
preference for a specific coping strategy. Companies often have a workforce where it is known which 
‘’colour’’ an employee represents. This indicate to what extent an employee is extrovert or neurotic. 
Based on this information, a distinction in the workforce can be made, for example to what extent the 
workforce is more extrovert. High extrovert respondents cope differently with noise compared to 
medium extrovert respondents. CRE or HR managers could know which personality type is more present 
in the workforce and how they cope with various noise sources. They could anticipate and create suitable 
environments for the workforce. The same holds for neurotic personality types.  

Last, this research provide evidence in how various age cohorts, or men and women cope with noise. It 
can be concluded that men and women cope different with noise. HR-managers know to what extent a 
workforce consist of men or women, and thus to what extent they could expect various coping strategies. 
The same holds for age cohorts. Younger employees will cope differently compared to other employees. 
The HR or Facility manager of a predominantly young organization can therefore make clear which 
coping strategies will be chosen more often and anticipate on this situation.  

8.3 Limitations and recommendations  
Although this study was carried out with the utmost care, it still has scientific limitations. Consequently, 
academic caution should be considered when interpreting the results. This section includes some 
limitations of the study that are addressed and discussed. Moreover, some suggestions and 
recommendations are addressed for further research.  
 
This study is both a descriptive as well as an explorative research. In the descriptive phase, the first two 
sub questions have been answered. In the explorative phase is data gathered to answer the remaining 
sub questions. Using a questionnaire is an appropriate method to collect data about preferences, 
opinions and attitudes, or in this specific case about preference and attitudes about coping strategies 
and opinions about various noise sources. Due to time limitations, the questionnaire was distributed 
online. By means of an online questionnaire, a potentially large target group can be reached that can fill 
in the questionnaire both time- and cost-efficient. This resulted in a sample size of 150 respondents.  
 
Due to a software error among the first 35 respondents, only 115 complete datasets remained. As a 
result of the small sample size, the external validity of this research should be taken with care. In 
retrospect, it turned out that the dataset was too small to be able to perform all analyses. It turned out 
that it was not possible to subdivide the sample into extroverted and introverted respondents, because 
the number of introverted respondents was too small. As a consequence, only analyses could be 
performed between high extrovert and medium extrovert respondents. Subsequently, this also had 
consequences for the analyses of the preference for a specific coping strategy when respondents 
perceive that their productivity is influenced by a particular noise sources and the personality trait of 
respondents. Because of the few observations in some cases, the analyses had to be divided into Fisher’s 
exact tests and X2-tests. As a result, no conclusions could be drawn about the coping strategies in 
general, but only about the coping strategies that were included in a specific analysis. This also reduces 
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the external validity. The same hold for the comparison between neurotic and emotionally stable 
respondents. A large part of the sample scored medium on the variable neuroticism. 
 
Another limitation of this research is that the research design is not longitudinal, but that the result are 
taken at one moment in time. No basement measurement took place and hence the spirit of time is 
excluded. For example, the mood of a respondent could affect the answers. Furthermore, it is not 
possible to determine how preferences of an individual might change over time. Especially these changes 
over time are interesting since the results indicate that different ages prefer different coping strategies.  
 
Furthermore, this research only focuses on the perceived effects. Respondents indicate how they 
perceive the noise source and how they would cope with it. It has not been reviewed whether the 
respondents actually did what they said. If a respondent has indicated that he or she makes even a 
greater effort or try to be more quiet in the hope colleagues would do the same, it may be that the 
respondent perceives that he or she is doing this, but actually copes with another strategy.  
 
Additionally, a literature study was conducted to define several coping strategies to cope with noise. 
This ultimately resulted in a list of twelve coping strategies which were subdivided in two categories, 
approach and avoidance coping strategies. According to the literature these were proven coping 
strategies, however, this is also the crux: since the literature study is extensive, but not all embracing, 
there is the possibility that different coping strategies occur in practice. It is also thinkable that coping 
strategies might already be unproven in a few studies, that particular coping strategies are not specific 
related to noise.  

Last limitation is that this research is conducted in perspective of individual focused work, desk based. 
In other terms, the effects of noise on perceived productivity will be examined during individual focused 
work. Additionally, the coping strategies are also analyzed in perspective of individual focused work. The 
stimuli that affect productivity depends on the type of work an individual performs. If an employee is 
doing individual focused work because he or she has to complete a complicated calculation, other noise 
sources will affect his or her productivity compared to an employee having a few phone calls to make 
or preparing a presentation. The same applies to coping behavior. Someone whose perceived 
productivity is affected during individual focused desk work will be inclined, for example, to interrupt 
work or put work off, while someone who is making phone calls or preparing a presentation choose 
other coping strategies. This limitation is immediately a recommendation for further research. Future 
studies could focus on the perception of noise sources and how employees cope with these noise 
sources during different working activities.  

Another recommendation for future research would be that the target group is changed. The companies 
that participate in this research all had to deal with acoustic problems in their office buildings. Further 
research could analyze for instance what the effects are of coping strategies on productivity in less noisy 
conditions.   

Furthermore, an interesting field for future research is the effect of coping strategies on perceived 
productivity per noise source. Due to time limitations, this research only examined the effect of the 
coping strategies in general. It would be interesting to know what the effects are of various coping 
strategies when a respondent is exposed to a particular noise source. To illustrate, when a respondent 
perceive that his or her is productivity affected by noise from outside the office building, the coping 
strategy change your desk will have less effect compared to the situation where it is a coping reaction to 
intelligible speech from telephone conversations. Moreover, it would be interesting to conduct further 
research on the actual effects of coping strategies on productivity instead of the perceived effects. 
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Another recommendation is to perform further research to introvert and extroverts, and their perception 
and coping behavior. As already stated, this research only examined analyses between medium extrovert 
and high extrovert. Academic literature state that introverts and extroverts should perceive and cope 
differently. However, not much evidence exists on this research topic. The same holds for neurotic and 
emotionally stable individuals. 
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Appendices  
 

Appendix A: Operationalization of the noise sources 
 

Conversations 

 Intelligible speech conversations (near one’s desk):  

Refers to intelligible conversations, not produced due to a telephone conversation, near one’s 

desk within the same room or independent work group. 

 

 Intelligible speech conversations in adjacent rooms: 

Refers to intelligible conversations, not produced by a telephone conversation, that take place 

in an adjacent room or hallway and can be overheard. 

 

 Intelligible speech conversations at common facilities (e.g. coffee rooms or coffee machine): 

Refers  to  intelligible  speech  conversations  that  take  place  at  common  facilities,  including 

coffee rooms, near a coffee machine or lunch room. 

 

 Intelligible speech from telephone conversations: 

Refers to intelligible telephone conversations from other colleagues, that are in the same room 

or independent work station as the respondent. 

 

 Unintelligible background conversations: 

Refers  to  irrelevant  speech,  which  is  unintelligible  but  u  can  hear,  including  unintelligible 

telephone conversations. 

 

Office equipment 

 Telephones ringing: 

Refers  to  the  noise  that  is  caused  by  telephones  that  are  ringing  from  colleagues  or  the 

respondent themselves, including ringing telephones on abandoned desks. 

 

 Printers / fax/ shredder / coffee machine: 

Refers to noise caused by a printer, fax, shredder, coffee machine in the same room as the 

respondent or near a respondents workstation. 

 

Installations 

 Ventilation systems and air conditioning: 

Refers to noise that is caused by the hum of the ventilation system or air conditioning system. 

 

Background noise 

 Music (radio or piped‐in): 

Refers to both vocal and instrumental music that can be overheard by a radio or piped in music 

from a colleague. 

 

 People passing‐by, entering or leaving the office: 
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Refers  to noise  that  is  caused by  colleagues  (or other people, e.g.  clients)  that are moving 

around through the office or at the hallways. 

 

 Noise from outside the office building: 

Refers to noise caused by construction work, road traffic or other noise that is coming from 

outside the office building. 

 

 Sound of a particular colleague: 

Refers  to  noise  caused by  a  colleague who  is working,  typing on  keyboard,  clicking  a  pen, 

writing, etc. 
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Appendix B: Introduction e‐mail for participating companies (Dutch) 
 

Goedendag, 

 

Als masterstudent aan de Bouwkundefaculteit van de Technische Universiteit Eindhoven heb ik uw 

hulp nodig! 

Mijn naam is Sven Steps en voor mijn afstudeeronderzoek (kantoorlawaai) heb ik een enquête 

opgesteld. 

Deze enquête voorziet mij van data waaruit ik mijn conclusies zal trekken om  te kunnen afstuderen.  

Mijn doel? Inzicht krijgen in welk kantoorlawaai de meeste invloed heeft op zelf waargenomen 

productiviteit en hoe werknemers hiermee omgaan (coping behavior).  

Deze enquête bestaat uit verschillende onderdelen. Eerst krijgt u een aantal vragen over de 

kantooromgeving waarin u werkt. Vervolgens dient u aan te geven welke lawaaibronnen uw 

productiviteit beïnvloedt en in welke mate. Hierna kunt u aangeven hoe u zou omgaan met dit 

kantoor lawaai. Ter afsluiting zijn er nog enkele algemene vragen. 

Uiteraard wordt de data van dit onderzoek vertrouwelijk behandeld. 

En om mijn dank aan uw bijdrage te uiten en in het thema van geluid te blijven verloot ik onder alle 

respondenten één JBL portable speaker . 

De link naar de enquête en de mogelijkheid om een JBL portable speaker te winnen kunt u hier vinden.  

Vriendelijke groet, 

Sven Steps | Kernwaarde Groen 
Aanwezig op maandag, woensdag en vrijdag. 
 
Gebouwen duurzaam transformeren en beheren. 

Binckhorstlaan 36 – M508    
2516 BE  Den Haag 
 
Telefoon           + 31 70 3201201 
Mobiel             + 31 6 31534753                

Volg mij ook via Linkedin en Twitter 
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Appendix C: Chi Square Goodness‐of‐Fit test 
 

Appendix C.1 Chi‐square Goodness‐of‐Fit test gender 

Gender 

 Observed N Expected N Residual

Man 64 80,3 -16,3

Vrouw 86 69,8 16,3

Total 150   
 

Test Statistics 

 Gender

Chi-Square 7,076a

df 1

Asymp. Sig. ,008

 

 

Appendix C.2 Chi‐square Goodness‐of‐Fit test age 

Age 

 Observed N Expected N Residual

15-25 11 20,6 -9,6

26-35 35 28,8 6,2

36-45 43 28,2 14,8

46-55 48 34,1 13,9

56+ 1 26,4 -25,4

Total 138   
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Test Statistics 

 Age 

Chi-Square 43,668a

df 4

Asymp. Sig. ,000

 

Appendix C.3 Chi‐square Goodness‐of‐Fit test educational level 

 

Highest completed educational level

 Observed N Expected N Residual

Low education level 9 31,0 -22,0

Vocational education level 123 63,9 59,1

High education level 18 55,1 -37,1

Total 150   

 

 

Test Statistics 

 

Highest 

completed 

educational 

level

Chi-Square 95,255a 

df 2 

Asymp. Sig. ,000 
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Appendix 4: Cronbach’s Alpha Personality Traits 
 
Extraversion 

 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's 

Alpha Based on 

Standardized 

Items N of Items

,714 ,714 2

 

 

Item Statistics 

 Mean Std. Deviation N

Extrovert 4,8818 1,44458 110

Recoded_Reserved 5,0909 1,51170 110

 

 

Item-Total Statistics

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted

Corrected Item-

Total Correlation

Squared 

Multiple 

Correlation 

Cronbach's 

Alpha if Item 

Deleted

Extrovert 5,0909 2,285 ,555 ,308 .

Recoded_Reserved 4,8818 2,087 ,555 ,308 .

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items

9,9727 6,797 2,60719 2

 
 

Neuroticism  
 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's 

Alpha Based on 

Standardized 

Items N of Items

,516 ,517 2



   122     The effect of office noise on perceived productivity and coping behavior of office workers 

 

 

Item Statistics 

 Mean Std. Deviation N

Anxious 1,9636 1,09148 110

Recoded_Calm 2,7273 1,18018 110

 

 

Item-Total Statistics

 
Scale Mean if 

Item Deleted 

Scale Variance 

if Item Deleted

Corrected Item-

Total Correlation

Squared 

Multiple 

Correlation 

Cronbach's 

Alpha if Item 

Deleted

Anxious 2,7273 1,393 ,348 ,121 .

Recoded_Calm 1,9636 1,191 ,348 ,121 .

 

 

Scale Statistics 

Mean Variance Std. Deviation N of Items

4,6909 3,482 1,86590 2
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Appendix 5: Coping behavior characteristics per noise source 
 

Coping behavior in relation to intelligible speech conversations (near one’s desk) 
 

Coping strategy  N =115  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  79  68,7 % 

Put on some music or earphones  25  21,7 % 

Continue your work at home  19  16,5 % 

Change your desk or location  16  13,9 % 

Make a proposal to management to improve 
the acoustic conditions 

18   15, 7% 

Use earplugs or hearing protectors  13  11,3 % 

Avoidance coping 
behavior 

Make even a greater effort  75  65,2 % 

Put the work off till another time  20  17,4 % 

Do your work more slowly than usual  37  32,2 % 

Interrupt your work  40  34, 8 % 

Try to be more quite in the hope that your 
colleagues do the same 

17   14,8 % 

Do nothing  11  9,6 % 

 
 
Coping behavior in relation to intelligible speech conversations in adjacent rooms 
 
 

Coping strategy  N  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  51  44,3 % 

Put on some music or earphones  25  21,7 % 

Continue your work at home  7  6,1 % 

Change your desk or location  18  15,7 % 

Make a proposal to management to improve 
the acoustic conditions 

23   20 % 

Use earplugs or hearing protectors  14  12,2 % 

Avoidance coping 
behavior 

Make even a greater effort  52  45,2 % 

Put the work off till another time  9  7,8 % 

Do your work more slowly than usual  23  20 % 

Interrupt your work  17  14,8 % 

Try to be more quite in the hope that your 
colleagues do the same 

6  5,2 % 

Do nothing  21  18,3 % 

 
Coping behavior in relation to intelligible speech conversations at common facilities (e.g. coffee rooms 
or coffee machine) 
 

Coping strategy  N  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  42  36,52 % 

Put on some music or earphones  20  17,39 % 

Continue your work at home  9  7,83 % 

Change your desk or location  17   14,78 % 
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Make a proposal to management to improve 
the acoustic conditions 

24  20,87 % 

Use earplugs or hearing protectors  15  13,04 % 

Avoidance coping 
behavior 

Make even a greater effort  52  45,22 % 

Put the work off till another time  6  5,22 % 

Do your work more slowly than usual  16  13,91 % 

Interrupt your work  16  13,91 % 

Try to be more quite in the hope that your 
colleagues do the same 

3  2,61 % 

Do nothing  29  25,22 % 

 
Coping behavior in relation to intelligible speech from telephone conversations 

Coping strategy  N  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  59  51,3 % 

Put on some music or earphones  25  21,7 % 

Continue your work at home  11  9,6 % 

Change your desk or location  16  13,9 % 

Make a proposal to management to improve 
the acoustic conditions 

16  13,9 % 

Use earplugs or hearing protectors  13  11,3 % 

Avoidance coping 
behavior 

Make even a greater effort  59  51,3 % 

Put the work off till another time  23  20,0 % 

Do your work more slowly than usual  28  24,35 % 

Interrupt your work  32  27,8 % 

Try to be more quite in the hope that your 
colleagues do the same 

4  3,5 % 

Do nothing  20  17,4 % 

 
Coping behavior in relation to unintelligible background conversations 

Coping strategy  N  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  30  26,1 

Put on some music or earphones  27  23,5 

Continue your work at home  8  7,0 

Change your desk or location  10  8,7 

Make a proposal to management to improve 
the acoustic conditions 

16  13,9 

Use earplugs or hearing protectors  17  14,8 

Avoidance coping 
behavior 

Make even a greater effort  58  50,4 

Put the work off till another time  7  6,1 

Do your work more slowly than usual  13  11,3  

Interrupt your work  9  7,8 

Try to be more quite in the hope that your 
colleagues do the same 

4  3,5 

Do nothing  28  24,3  
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Coping behavior in relation to people passing‐by, entering or leaving the office 

Coping strategy  N  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  36  31,3 

Put on some music or earphones  18  15,7 

Continue your work at home  8  7,0 

Change your desk or location  15  13,0 

Make a proposal to management to improve 
the acoustic conditions 

14  12,2 

Use earplugs or hearing protectors  11  9,6 

Avoidance coping 
behavior 

Make even a greater effort  48  41,7 

Put the work off till another time  7  6,1 

Do your work more slowly than usual  17  14,8 

Interrupt your work  13  11,3 

Try to be more quite in the hope that your 
colleagues do the same 

4  3,5 

Do nothing  34  29,6 

 
Coping behavior in relation to sounds of a particular colleague 
 

Coping strategy  N  Sample 

Approach coping 
behavior 

Discuss the noise problem with your colleagues  54  47,0 

Put on some music or earphones  22  19,1 

Continue your work at home  11  9,6 

Change your desk or location  10  8,7 

Make a proposal to management to improve 
the acoustic conditions 

16  13,9 

Use earplugs or hearing protectors  13  11,3 

Avoidance coping 
behavior 

Make even a greater effort  57  49,6 

Put the work off till another time  7  6,1 

Do your work more slowly than usual  16  13,9 

Interrupt your work  8  7,0 

Try to be more quite in the hope that your 
colleagues do the same 

9  7,8 

Do nothing  25  21,7 
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Appendix 6: Chi‐square Goodness of Fit test coping behavior 
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Noise source (X) 

Intelligible speech (near one's desk)  79  25  19  16  18  13  75  20  37  40  17  11  370

Intelligible speech adjacent rooms  51  25  7  18  23  14  52  9  23  17  6  21  266

Intelligible speech common facilities  42  20  9  17  24  15  52  6  16  16  3  29  249

Intelligible telephone conversations  59  25  11  16  16  13  59  23  28  32  4  20  306

Unintelligible background 
conversations  30  27  8  10  16  17  58  7  13  9  4  28  227

People passing by, entering, leaving  36  18  8  15  14  11  48  7  17  13  4  34  225

Sounds particular colleague  54  22  11  10  16  13  57  7  16  8  9  25  248

351 162 73 102 127 96 401  79 150 135 47 168 1891
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Expected values 

Coping strategy (Y) 
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b
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e
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D
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Noise source (X) 

Intelligible speech (near one's desk) 
69 32 14 20 25 19 78  15 29 26 9 33

370

Intelligible speech adjacent rooms 
49 23 10 14 18 14 56  11 21 19 7 24

266

Intelligible speech common facilities 
46 21 10 13 17 13 53  10 20 18 6 22

249

Intelligible telephone conversations 
57 26 12 17 21 16 65  13 24 22 8 27

306

Unintelligible background 
conversations 

42 19 9 12 15 12 48  9 18 16 6 20
227

People passing by, entering, leaving 
42 19 9 12 15 11 48  9 18 16 6 20

225

Sounds particular colleague 
46 21 10 13 17 13 53  10 20 18 6 22

248

351 162 73 102 127 96 401  79 150 135 47 168 1891
 

P = 0.00034  

df = 66 
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(Observed values – Expected values)2 / Expected values 

Coping strategy (Y) 
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b
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p
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Noise source (X)     

Intelligible speech (near one's desk) 
1,55 1,42 1,56 0,78 1,89 1,78 0,15  1,33 1,99 6,99 6,62 14,55

Intelligible speech adjacent rooms 
0,05 0,21 1,04 0,93 1,48 0,02 0,34  0,40 0,17 0,21 0,06 0,29

Intelligible speech common facilities 
0,39 0,08 0,04 0,95 3,17 0,44 0,01  1,86 0,71 0,18 1,64 2,14

Intelligible telephone conversations 
0,09 0,06 0,06 0,02 1,01 0,41 0,53  8,16 0,57 4,72 1,71 1,90

Unintelligible background 
conversations 

3,49 2,93 0,07 0,41 0,04 2,60 2,02  0,65 1,39 3,20 0,48 3,04

People passing by, entering, leaving 
0,80 0,08 0,05 0,68 0,08 0,02 0,00  0,61 0,04 0,58 0,45 9,82

Sounds particular colleague 
1,38 0,03 0,21 0,85 0,03 0,01 0,37  1,09 0,69 5,32 1,30 0,40

Sum score 
7,74 4,81 3,03 4,62 7,68 5,28 3,44  14,12 5,57 21,20 12,27 32,15 121,90

 

X2 = 121.90  

X0,005 = 91.95  | df = 66 
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Appendix 7: Lift‐ratio avoidance strategies 
 

Lift‐ratio coefficients positive and negative relations concerning the avoidance strategies 

 

Coping strategy (Y) 
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Noise source (X) 

Intelligible speech (near one's 
desk)  0,92  1,24  1,21  1,45  1,77  0,32 

Intelligible speech adjacent rooms  0,99  0,87  1,17  0,96  0,98  0,96 

Intelligible speech common 
facilities  1,04  0,61  0,86  0,95  0,51  1,39 

Intelligible telephone 
conversations  0,87  1,72  1,10  1,40  0,50  0,70 

Unintelligible background 
conversations  1,19  0,73  0,71  0,55  0,70  1,37 

People passing by, entering, 
leaving  0,95  0,71  0,90  0,77  0,68  1,61 

Sounds particular colleague  1,14  0,71  0,86  0,48  1,54  1,20 
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Appendix 8: Chi‐Square test Low and High Extrovert 

 

Observed 

Intelligible speech (near one's desk) 
Low 
Extrovert 

High 
Extrovert

Discuss noise problem with colleague  40  37  77 

Put on music  15  9  24 

Continue work at home  10  9  19 

Change your desk  7  9  16 

Proposal management  9  9  18 

Earplugs/ protectors  5  8  13 

Make greater effort  35  37  72 

Put work of   8  12  20 

Do work more slowly  19  17  36 

Interrupt work  19  21  40 

Try to be more quiet  8  9  17 

Do nothing  8  3  11 

183  180 363 

 
Expected 

Intelligible speech (near one's desk) 
Low 

Extrovert 
High 

Extrovert

Discuss noise problem with colleague  38,82  38,18 77 

Put on music  12,10  11,90 24 

Continue work at home  9,58  9,42 19 

Change your desk  8,07  7,93 16 

Proposal management  9,07  8,93 18 

Earplugs/ protectors  6,55  6,45 13 

Make greater effort  36,30  35,70 72 

Put work of   10,08  9,92 20 

Do work more slowly  18,15  17,85 36 

Interrupt work  20,17  19,83 40 

Try to be more quiet  8,57  8,43 17 

Do nothing  5,55  5,45 11 

183 180 363 

p  0,87432 

α  0,05 

H0  TRUE 
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Observed     

Intelligible speech adjacent rooms 
Low 
Extrovert 

High 
Extrovert 

Discuss noise problem with colleague  26 23 49

Put on music  12 13 25

Change your desk  11 7 18

Proposal management  10 13 23

Earplugs/ protectors  5 9 14

Make greater effort  24 25 49

Do work more slowly  10 13 23

Interrupt work  10 7 17

Do nothing  11 10 21

    119  120 239

    

   
Expected     

Intelligible speech adjacent rooms 
Low 
Extrovert 

High 
Extrovert 

Discuss noise problem with colleague  24,03 24,97 49

Put on music  12,26 12,74 25

Change your desk  8,83 9,17 18

Proposal management  11,28 11,72 23

Earplugs/ protectors  6,87 7,13 14

Make greater effort  24,03 24,97 49

Do work more slowly  11,28 11,72 23

Interrupt work  8,34 8,66 17

Do nothing  10,30 10,70 21

    128 133 261

    

   

   p  0,88427

   α  0,05

   H0  TRU 
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Observed     

Intelligible speech common facilities  Introvert
High 

Extrovert 

Discuss noise problem with colleague  17 22 39 

Put on music  9 10 19 

Change your desk  7 9 16 

Proposal management  11 12 23 

Earplugs/ protectors  5 9 14 

Make greater effort  25 25 50 

Do work more slowly  6 9 15 

Interrupt work  12 4 16 

Do nothing  16 13 29 

    115  123 238 

    

   
Expected     

Intelligible speech common facilities  Introvert
High 

Extrovert 

Discuss noise problem with colleague  18,84 20,16 39 

Put on music  9,18 9,82 19 

Change your desk  7,73 8,27 16 

Proposal management  11,11 11,89 23 

Earplugs/ protectors  6,76 7,24 14 

Make greater effort  24,16 25,84 50 

Do work more slowly  7,25 7,75 15 

Interrupt work  7,73 8,27 16 

Do nothing  14,01 14,99 29 

    115 123 238 

    

   

   p  0,54076  

   α  0,05  

   H0  TRU   
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Observed     

Intelligible telephone conversations  Introvert
High 

Extrovert 

Discuss noise problem with colleague  31 25 56 

Put on music  12 13 25 

Continue work at home  5 6 11 

Change your desk  8 8 16 

Proposal management  8 8 16 

Earplugs/ protectors  5 8 13 

Make greater effort  28 28 56 

Put work of   11 12 23 

Do work more slowly  13 14 27 

Interrupt work  18 14 32 

Try to be more quiet  2 2 4 

Do nothing  14 6 20 

    155  144 299 

    

   
Expected     

Intelligible telephone conversations  Introvert
High 

Extrovert 

Discuss noise problem with colleague  29,03 26,97 56 

Put on music  12,96 12,04 25 

Continue work at home  5,70 5,30 11 

Change your desk  8,29 7,71 16 

Proposal management  8,29 7,71 16 

Earplugs/ protectors  6,74 6,26 13 

Make greater effort  29,03 26,97 56 

Put work of   11,92 11,08 23 

Do work more slowly  14,00 13,00 27 

Interrupt work  16,59 15,41 32 

Try to be more quiet  2,07 1,93 4 

Do nothing  10,37 9,63 20 

    155 144 299 

    

   

   p  0,938282

   α  0,05

   H0  WAAR 
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Observed     

Unintelligible background conversations  Introvert
High 

Extrovert 

Discuss noise problem with colleague  12 16 28 

Put on music  15 12 27 

Change your desk  6 4 10 

Proposal management  11 5 16 

Earplugs/ protectors  8 9 17 

Make greater effort  28 27 55 

Put work of   3 4 7 

Do work more slowly  5 8 13 

Do nothing  18 10 28 

     118  104  222 

     

    
Expected      

Unintelligible background conversations  Introvert
High 

Extrovert 

Discuss noise problem with colleague  14,88 13,12 28 

Put on music  14,35 12,65 27 

Change your desk  5,32 4,68 10 

Proposal management  8,50 7,50 16 

Earplugs/ protectors  9,04 7,96 17 

Make greater effort  29,23 25,77 55 

Put work of   3,72 3,28 7 

Do work more slowly  6,91 6,09 13 

Do nothing  14,88 13,12 28 

    118 104 222 

    

   

   p  0,62604

   α  0,05

   H0  WAAR 
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Observed     

People passing by, entering, leaving  Introvert
High 

Extrovert 

Discuss noise problem with colleague  16 18 34 

Put on music  13 5 18 

Change your desk  4 11 15 

Proposal management  8 6 14 

Earplugs/ protectors  7 4 11 

Make greater effort  24 21 45 

Do work more slowly  7 9 16 

Interrupt work  8 5 13 

Do nothing  20 14 34 

    114  105  219 

    

   
Expected     

People passing by  Introvert
High 

Extrovert 

Discuss noise problem with colleague  17,70 16,30 34 

Put on music  9,37 8,63 18 

Change your desk  7,81 7,19 15 

Proposal management  7,29 6,71 14 

Earplugs/ protectors  5,73 5,27 11 

Make greater effort  23,42 21,58 45 

Do work more slowly  8,33 7,67 16 

Interrupt work  6,77 6,23 13 

Do nothing  17,70 16,30 34 

    114 105 219 

    

   

   p  0,30593

   α  0,05

   H0  TRUE 
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Observed     

Sounds particular colleague  Introvert
High 

Extrovert 

Discuss noise problem with colleague  24 28 52 

Put on music  14 8 22 

Continue work at home  5 6 11 

Change your desk  6 4 10 

Proposal management  8 8 16 

Earplugs/ protectors  6 7 13 

Make greater effort  26 29 55 

Do work more slowly  7 8 15 

Do nothing  14 11 25 

    123  120  243 

    

   
Expected     

Sounds particular colleague  Introvert
High 

Extrovert 

Discuss noise problem with colleague  26,32 25,68 52 

Put on music  11,14 10,86 22 

Continue work at home  5,57 5,43 11 

Change your desk  5,06 4,94 10 

Proposal management  8,10 7,90 16 

Earplugs/ protectors  6,58 6,42 13 

Make greater effort  27,84 27,16 55 

Do work more slowly  7,59 7,41 15 

Do nothing  12,65 12,35 25 

    123 120 243 

    

 

   p  0,92718

   α  0,05

   H0  WAAR 
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Appendix 9 Fisher Exact tests Extrovert: 
 

Intelligible speech adjacent rooms  Low Extrovert  High Extrovert   

Continue work at home  4  3  7 

Put work of  4  5  9 

Try to be more quiet  1  5  6 

Total  9  13  22 

 

 

Continue work at 
home 

Put work of  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

3  4  3  6  0  6  7  9  6  35  84  1  497420 0,005910498 TRUE 

4  3  4  5  1  5  7  9  6  35  126  6  497420 0,053194484 TRUE 

5  2  5  4  2  4  7  9  6  21  126  15  497420 0,079791725 FALSE 

6  1  6  3  3  3  7  9  6  7  84  20  497420 0,023641993 TRUE 

7  0  7  2  4  2  7  9  6  1  36  15  497420 0,005910498 TRUE 

 

P   0,083832576 

α   0,05 

H0 (P > α )   TRUE 

 

P   0,083832576 

α   0,1 

H0 (P > α )   FALSE  

 H0 Rejected 
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Intelligible speech common 
facilities 

Low Extrovert  High Extrovert   

Continue work at home  5  3  8 

Put work of  1  5  6 

Try to be more quiet  1  2  3 

Total  7  10  17 

 

 

Continue work at 
home 

Put work of  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

4  4  0  6  0  3  8  6  3  70 1 1 19448 0,003599342 TRUE 

5  3  1  5  1  2  8  6  3  56 6 3 19448 0,051830522 TRUE 

6  2  2  4  2  1  8  6  3  28 15 3 19448 0,064788153 FALSE 

7  1  3  3  3  0   8  6  3  8 620 1 19448 0,008227067 TRUE 

 

P   0,0637 

α   0,05 

H0 (P > α )   TRUE 

 

P   0,0637 

α   0,1 

H0 (P > α )   FALSE 

Reject H0 
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Unintelligible background 
conversations 

Low Extrovert  High Extrovert   

Continue work at home  4  4  8 

Interrupt work  7  2  9 

Try to be more quiet  1  3  4 

Total  12  9  21 

 

 

Continue work at 
home 

Interrupt work  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

2  6  3  6  0  4  8  9  4  28 84 1 293930 0,008001905 TRUE 

3  5  4  5  1  3  8  9  4  56 126 4 293930 0,096022863 TRUE 

4  4  5  4  2  2  8  9  4  70 126 6 293930 0,180042867 TRUE 

5  3  6  3  3  1  8  9  4  56 84 4 293930 0,064015242 TRUE 

6  2  7  2  4  0  8  9  4  28 36 1 293930 0,003429388 TRUE 

 

P   0,2515 

α   0,05 

H0 (P > α )   TRUE 
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People passing by  Low Extrovert  High Extrovert   

Continue work at home  2  6  8 

Put work of  4  3  7 

Try to be more quiet  1  3  4 

Total  7  12  19 

 

 

Continue work at 
home 

Put work of  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

5  3  1  6  4  0  8  7  4  56 7 1 27132 0,014447884 TRUE 

4  4  2  5  3  1  8  7  4  70 21 4 27132 0,216718266 FALSE 

3  5  3  4  2  2  8  7  4  56 35 6 27132 0,433436533 FALSE 

2  6  4  3  1  3  8  7  4  28 35 4 27132 0,144478844 TRUE 

1  7  5  2  0  4  8  7  4  8 21 1 27132 0,00619195 TRUE 

 

P   0,1651 

α   0,05 

H0 (P > α )   TRUE 
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Sounds of particular colleague  Low Extrovert  High Extrovert   

Put work of  4  3  7 

Interrupt work  7  1  8 

Try to be more quiet  2  7  9 

Total  13  11  24 

 

 

Put work of  Interrupt work  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

2  5 5  3 0 9 7 8 9  21 56 1 2704156 0,000434886 TRUE 

3  4 6  2 1 8 7 8 9  35 28 9 2704156 0,003261646 TRUE 

4  3 7  1 2 7 7 8 9  35 8 36 2704156 0,003727596 TRUE 

5  2 8  0 3 6 7 8 9  21 1 84 2704156 0,000652329 TRUE 

 

P   0,00808 

α   0,05 

H0 (P > α )   FALSE 

Reject H0 
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Appendix 10: Chi‐Square test Low and High Neuroticism  
 

Observed 

Intelligible speech (near one's desk) 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  40  37  77 

Put on music  10  14  24 

Continue work at home  4  15  19 

Change your desk  7  9  16 

Proposal management  10  8  18 

Earplugs/ protectors  6  7  13 

Make greater effort  32  40  72 

Put work of   9  11  20 

Do work more slowly  17  19  36 

Interrupt work  20  20  40 

Try to be more quiet  9  8  17 

Do nothing  4  7  11 

168  195 363 

 
Expected 

Intelligible speech (near one's desk) 
Low 

Neuroticism High Neuroticism 

Discuss noise problem with colleague  39  38 77 

Put on music  12  12 24 

Continue work at home  10  9 19 

Change your desk  8  8 16 

Proposal management  9  9 18 

Earplugs/ protectors  7  6 13 

Make greater effort  36  36 72 

Put work of   10  10 20 

Do work more slowly  18  18 36 

Interrupt work  20  20 40 

Try to be more quiet  9  8 17 

Do nothing  6  5 11 

183 180 363 
 

p  0,5081 

α  0,05 

H0  TRUE 
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Observed     

Intelligible speech adjacent rooms 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  24 25 49 

Put on music  10 15 25 

Change your desk  8 10 18 

Proposal management    11 12 23 

Earplugs/ protectors    6 8 14 

Make greater effort  25 24 49 

Do work more slowly  13 10 23 

Interrupt work  7 10 17 

Do nothing  8 13 21 

    112  127 239 

   

   

   

   
Expected     

Intelligible speech adjacent rooms 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  24 25 49 

Put on music  12 13 25 

Change your desk   9 9 18 

Proposal management    11 12 23 

Earplugs/ protectors    7 7 14 

Make greater effort  24 25 49 

Do work more slowly  11 12 23 

Interrupt work  8 9 17 

Do nothing  10 11 21 

    128 133 261 
 

p  0,9200 

α  0,05 

H0  TRUE 
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Observed     

Intelligible speech common facilities 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  16 23 39 

Put on music  9 10 19 

Change your desk    7 9 16 

Proposal management    16 7 23 

Earplugs/ protectors    5 9 14 

Make greater effort  25 25 50 

Do work more slowly  8 7 15 

Interrupt work  9 7 16 

Do nothing  15 14 29 

    110  111 221 

   

   

   

   

   

Intelligible speech common facilities 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  19 20 39 

Put on music  9 10 19 

Change your desk    8 8 16 

Proposal management    11 12 23 

Earplugs/ protectors    7 7 14 

Make greater effort  24 26 50 

Do work more slowly  7 8 15 

Interrupt work  8 8 16 

Do nothing  14 15 29 

    115 123 238 
 

p  0,5622 

α  0,05 

H0  TRUE 
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Observed     

Intelligible telephone conversations 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  27 29 56 

Put on music  12 13 25 

Continue work at home  3 8 11 

Change your desk  9 7 16 

Proposal management  11 5 16 

Earplugs/ protectors  6 7 13 

Make greater effort  22 34 56 

Put work of   13 10 23 

Do work more slowly  13 14 27 

Interrupt work  16 16 32 

Try to be more quiet  3 1 4 

Do nothing  12 8 20 

    147  152 299 

    

   

   

Intelligible telephone conversations 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  29 27 56 

Put on music  13 12 25 

Continue work at home  6 5 11 

Change your desk  8 8 16 

Proposal management  8 8 16 

Earplugs/ protectors  7 6 13 

Make greater effort  29 27 56 

Put work of   12 11 23 

Do work more slowly  14 13 27 

Interrupt work  17 15 32 

Try to be more quiet  2 2 4 

Do nothing  10 10 20 

    155 144 299 
 

 

p  0,4819 

α  0,05 

H0  TRUE 
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Observed     

Unintelligible background conversations 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  10 18 28 

Put on music  13 14 27 

Change your desk   4 6 10 

Proposal management    10 6 16 

Earplugs/ protectors    5 12 17 

Make greater effort   26 29 55 

Put work of    3 4 7 

Do work more slowly  6 7 13 

Do nothing  15 13 28 

     92  109  201 

   

   

    

    

    

Unintelligible background conversations 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  15 13 28 

Put on music  14 13 27 

Change your desk   5 5 10 

Proposal management    9 7 16 

Earplugs/ protectors    9 8 17 

Make greater effort   29 26 55 

Put work of    4 3 7 

Do work more slowly  7 6 13 

Do nothing  15 13 28 

    118 104 222 
 

p  0,2570 

α  0,05 

H0  TRUE 
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Observed     

People passing by, entering, leaving 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  11 23 34 

Put on music  10 8 18 

Change your desk   9 6 15 

Proposal management    6 8 14 

Earplugs/ protectors    6 5 11 

Make greater effort  21 24 45 

Do work more slowly  8 8 16 

Interrupt work  6 7 13 

Do nothing  19 15 34 

    96  104  200 

   

   

   

   

   

People passing by 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  18 16 34 

Put on music  9 9 18 

Change your desk   8 7 15 

Proposal management    7 7 14 

Earplugs/ protectors    6 5 11 

Make greater effort  23 22 45 

Do work more slowly  8 8 16 

Interrupt work  7 6 13 

Do nothing  18 16 34 

    114 105 219 
 

p  0,5164 

α  0,05 

H0  TRUE 
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Observed     

Sounds particular colleague 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  23 29 52

Put on music  12 10 22

Continue work at home  3 8 11

Change your desk  4 6 10

Proposal management  8 8 16

Earplugs/ protectors  4 9 13

Make greater effort  23 32 55

Do work more slowly  7 8 15

Do nothing  12 13 25

    107  136  243

    

   

   

Sounds particular colleague 
Low 
Neuroticism High Neuroticism 

Discuss noise problem with colleague  26 26 52

Put on music  11 11 22

Continue work at home  6 5 11

Change your desk  5 5 10

Proposal management  8 8 16

Earplugs/ protectors  7 6 13

Make greater effort  28 27 55

Do work more slowly  8 7 15

Do nothing  13 12 25

    123 120 243
 

 

p  0,4582 

α  0,05 

H0  TRUE 
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Appendix 11: Fisher Exact tests Neuroticism 
 

Intelligible speech adjacent rooms  Low Neuroticism  High Neuroticism   

Continue work at home  2  5  7 

Put work of  5  4  8 

Try to be more quiet  3  3  6 

Total  10  12  23 

 

 

Continue work at 
home 

Put work of  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

0  7 3  6 1 5 7 9 6  1 84 6 646646 0,000779406 TRUE 

1  6 4  5 2 4 7 9 6  7 126 15 646646 0,020459417 TRUE 

2  5 5  4 3 3 7 9 6  21 126 20 646646 0,081837667 TRUE 

3  4 6  3 4 2 7 9 6  35 84 15 646646 0,068198056 TRUE 

4  3 7  2 5 1 7 9 6  35 36 6 646646 0,011691095 TRUE 

5  2 8  1 6 0 7 9 6  21 9 1 646646 0,000292277 TRUE 

 

P   0,1833 

α   0,05 

H0 (P > α )   TRUE 
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Intelligible speech common 
facilities 

Low Neuroticism  High Neuroticism   

Continue work at home  4  4  8 

Put work of  4  2  6 

Try to be more quiet  2  1  3 

Total  10  7  17 

 

 

Continue work at 
home 

Put work of  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

2  6 2  4 0 3 8 6 3  28 15 1 19448 0,021596051 TRUE 

3  5 3  3 1 2 8 6 3  56 20 3 19448 0,172768408 FALSE 

4  4 4  2 2 1 8 6 3  70 15 3 19448 0,161970383 TRUE 

5  3 5  1 3 0 8 6 3  56 6 1 19448 0,017276841 TRUE 

 

P   0,2008 

α   0,05 

H0 (P > α )   TRUE 
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Unintelligible background 
conversations 

Low Neuroticism  High Neuroticism   

Continue work at home  3  5  8 

Interrupt work  2  7  9 

Try to be more quiet  1  3  4 

Total  6  15  21 

 

 

Continue work at 
home 

Interrupt work  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

2  6 1  8 0 4 8 9 4  28 9 1 54264 0,004643963 TRUE 

3  5 2  7 1 3 8 9 4  56 36 4 54264 0,148606811 TRUE 

4  4 3  6 2 2 8 9 4  70 84 6 54264 0,650154799 FALSE 

5  3 4  5 3 1 8 9 4  56 126 4 54264 0,520123839 FALSE 

6  2 5  4 4 0 8 9 4  28 9 1 54264 0,004643963 TRUE 

 

P   0,2183 

α   0,05 

H0 (P > α )   TRUE 
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People passing by  Low Neuroticism  High Neuroticism   

Continue work at home  3  5  8 

Put work of  3  4  7 

Try to be more quiet  3  1  4 

Total  9  10  19 

 

 

Continue work at 
home 

Put work of  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

6  2 0  7 0 4 8 7 4  28 1 1 92378 0,000303102 TRUE 

5  3 1  6 1 3 8 7 4  56 7 4 92378 0,016973738 TRUE 

4  4 2  5 2 2 8 7 4  70 21 6 92378 0,095477278 FALSE 

3  5 3  4 3 1 8 7 4  56 35 4 92378 0,084868692 TRUE 

2  6 4  3 4 0 8 7 4  28 35 1 92378 0,010608586 TRUE 

 

P   0,1128 

α   0,05 

H0 (P > α )   TRUE 
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Sounds particular colleague  Low Neuroticism  High Neuroticism   

Put work of  3  4  7 

Interrupt work  3  5  8 

Try to be more quiet  5  4  9 

Total  11  13  24 

 

 

Put work of  Interrupt work  Try to be more 
quiet 

a + b  c + d  e + f  Ca+b  Cc+d  Ce+f Cn  P  Pcutoff 
< P 

Low (a)  High (b)  Low (c)  High (d)  Low (e)  High (f) 

0  7 0  8 2 7 7 8 9  1 1 36 2496144 1,44222E‐05 TRUE 

1  6 1  7 3 6 7 8 9  7 8 84 2496144 0,001884507 TRUE 

2  5 2  6 4 5 7 8 9  21 28 126 2496144 0,02968098 TRUE 

3  4 3  5 5 4 7 8 9  35 56 126 2496144 0,0989366 TRUE 

4  3 4  4 6 3 7 8 9  35 70 84 2496144 0,082447167 TRUE 

5  2 5  3 7 2 7 8 9  21 56 36 2496144 0,01696056 TRUE 

6  1 6  2 8 1 7 8 9  7 28 9 2496144 0,00070669 TRUE 

7  0 7  1 9 0 7 8 9  1 8 1 2496144 3,20494E‐06 TRUE 

 

P   0,2130 

α   0,05 

H0 (P > α )   TRUE 
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Appendix 12: Effect of gender on coping 
 

Observed 

Noise source  Men  Women 

Discuss noise problem with 
colleague 

138  197 

Put on music  99  61 

Continue work at home  39  33 

Change your desk  64  37 

Proposal management  64  62 

Earplugs / earprotectors  44  51 

Make even a greater effort  171  211 

Put work off  42  37 

Do work more slowly  57  88 

Interrupt work  60  75 

Try to be more quiet14  14  33 

Do nothing  95  73 

Total  887  958 

 

Expected 

Noise source  Men  Women 

Discuss noise problem with 
colleague 

161  173 

Put on music  77  83 

Continue work at home  35  37 

Change your desk  49  52 

Proposal management  61  65 

Earplugs / earprotectors  46  49 

Make even a greater effort  184  197 

Put work off  38  41 

Do work more slowly  70  75 

Interrupt work  65  70 

Try to be more quiet  23  24 

Do nothing  81  87 

Total  887  953 

 

P   0,0000001148 

α   0,01 

H0 (P > α )   FALSE 
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Appendix 13: Effect of age on coping 
 

Observed 

Noise source  15‐25  26‐35  36‐45  46‐55 

Discuss noise problem with 
colleague 

29  54  84  134 

Put on music  20  66  56  17 

Continue work at home  8  17  29  12 

Change your desk  15  38  36  11 

Proposal management  12  33  29  46 

Earplugs / earprotectors  12  14  46  22 

Make even a greater effort  52  68  94  139 

Put work off  7  17  22  26 

Do work more slowly  12  24  46  51 

Interrupt work  13  26  39  46 

Try to be more quiet14  3  2  17  23 

Do nothing  20  42  55  28 

Total  203  401  553  555 

 

Expected 

Noise source  15‐25  26‐35  36‐45  46‐55 

Discuss noise problem with 
colleague 

36  71  97  98 

Put on music  19  37  51  52 

Continue work at home  8  15  21  21 

Change your desk  12  23  32  32 

Proposal management  14  28  39  39 

Earplugs / earprotectors  11  22  30  30 

Make even a greater effort  42  83  114  114 

Put work off  9  17  23  23 

Do work more slowly  16  31  43  43 

Interrupt work  15  29  40  40 

Try to be more quiet14  5  11  15  15 

Do nothing  17  34  47  47 

Total  203  401  553  555 

 

P   0,0000 

α   0,01 

H0 (P > α )   FALSE 

 

 

 

 


