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Abstract: Considerable effort has been expended over recent decades to understand how the physical 
environment of commercial and academic buildings influences the comfort, health and productivity of the 
occupants. Somewhat less attention has been given to the study of the effects of distractions and 
interruptions on the productivity of individual occupants. In the course of their surveys of some 68 
buildings worldwide and their 5149 occupants using the Building Use Studies Methodology, the authors 
have amassed a database which, as well as containing information on the occupants’ perceptions of 
physical and environmental parameters, included unmined data on frequency of interruptions. In this 
paper, the authors detail evidence of clear correlations between frequency of interruptions and perceived 
productivity in different settings from an individual user point of view. The significant differences found 
between differently sized work-groups, between males and females, and between younger and older 
workers, are explored in detail. It is anticipated that these findings will add useful information to the 
growing literature on this comparatively neglected aspect as designers strive towards that elusive holy 
grail of office design. 
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1. Introduction
Considerable effort has been expended over recent decades to understand how the physical

environment of commercial and academic buildings influences the comfort, health and productivity of 
their occupants. This has resulted in much consideration having being given to the thermal, visual and 
acoustic aspects, and the layout and configuration of office environments; and to architectural and 
technical systems and facilities management processes capable of responding quickly to changing 
conditions and occupant needs (Khoshbakht et al., 2018). Somewhat less attention has been given to  the 
study of distractions or unwanted interruptions on the productivity of individual occupants. 

Fortunately, at least one pioneer of post-occupancy evaluation (POE) foresaw that this was an 
important issue. Adrian Leaman, developer of the now well-established Building Use Studies Methodology 
(Cohen et al., 2001), had included this aspect in his standard office questionnaire right 
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from the start. Tucked alongside a series of questions on acoustics, respondents are asked to “Please 
estimate how you are affected by unwanted interruptions …” on a 7-point semantic differential scale 
ranging from “Not at all” (which would score 1 on the scale) to “Very frequently” (scoring 7). 

Despite having employed this questionnaire for over a decade in surveys of buildings worldwide, it has 
to be confessed that the responses to the “Unwanted Interruptions” question have been almost totally 
ignored – the most focus has been on all the other aspects. One earlier attempt to include it in a paper on 
acoustic aspects was attempted by Haapakangas et al. (2014), who investigated four acoustic conditions 
in an open-plan office laboratory. While our database of buildings and numbers of respondents expanded, 
responses to this question remained largely dormant and ignored, particularly in the various work-group 
numbers. That is until we heard a radio interview with David Astle, author of “Rewording the Brain” (Astle, 
2018). While the main aim of the book is to outline “How cryptic crosswords can improve your memory 
and boost the power and agility of your brain”, his chance remark that you would need 23 minutes and 
15 seconds to get back on track after a 2 minutes off-topic interruption struck a chord – not just because 
of the amount of time and the apparent precision of its duration, but because it echoed one’s own 
experience. 

It is not by accident that so many authors seem to work on their novels in the garden shed or a remote 
part of the house or the country; focus groups go into a retreat to hammer out policy, and academics pine 
for the mythical ‘quality time’ to conduct and write-up their research. All recognise the need to avoid off-
topic interruptions to enable full focus on the task at hand. Intrigued by that remark, the book was read 
from cover to cover, and sure enough, the precision of the figures quoted by Astle (2018) in page 26 was 
backed up by academic research references (more of which later in Literature Review); though sadly, one’s 
facility with cryptic crosswords has yet to improve. 

Thus prompted, and to see if this phenomenon might be apparent in our data, a belated pilot study 
was undertaken of relevant data from 29 buildings featured in Baird’s survey of “Sustainable Buildings in 
Practice” (Baird, 2010). This involved a simple comparison of the averages for each building of the 
“Unwanted Interruptions” scores versus the percentage increase or decrease in perceived productivity, 
this latter being adjudged to be the variable most likely to be influenced by interruptions. Twenty buildings 
reported increases in perceived productivity averaging +9.4% overall, corresponding to an unwanted 
interruptions score averaging 3.57 (on the 7-point scale where 1 signifies the least effect; and 7 the 
greatest). For the 9 buildings which reported average decreases of -5.0% overall, the unwanted 
interruptions score averaged 4.59. The trend was clear, albeit on the basis of building averages rather than 
individual respondents. 

Thus encouraged, the decision was taken to explore this aspect further in relation to the estimates 
and perceptions of individual users and over the entire database of 68 buildings and 5149 respondents. 
Office occupants can be categorised into several work-groups from cellular offices with a single occupant 
to open-plan offices with more than eight occupants. Work-group numbers have a direct influence on 
office distractions as a result of noise generation in workplaces that is the most dominant  in larger work-
group numbers (Haynes, 2008). Depending on the work-group sizes, office occupants may also experience 
various levels of visual and acoustic privacy, and consequently, different amount of distractions and 
unwanted interruptions (Yildirim et al., 2007). Office design layout such as proximity to a window, and 
workstation partition height influence occupant satisfaction, and perceived productivity in workplace 
environments and compensate for the negative aspects of open-plan offices (Yildirim et al., 2007). An 
individual may develop preferences for seat selection in open-plan layouts to increase their productivity 
when given choices (Gou et al., 2018). Differences in perceived productivity in various work- 
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group sizes were observed by previous studies, particularly comparing commercial office buildings with 
academic office buildings (Rasheed et al., 2019; Khoshbakht et al., 2020). 

Nonetheless, the effect of distractions on various user groups has been rarely studied in a systematic 
way. The aim of this research is to compare the tolerance of unwanted interruptions among several user 
groups in our database. Thus, differences in sensitivity to unwanted interruptions between differently 
sized workplace clusters, between males and females, and between younger and older workers are 
explored in detail. 

2. Methodology

Post-occupancy evaluation (POE) studies and the BUS Methodology survey questionnaires were adopted 
for the investigation in this study. The BUS Methodology survey has been effectively employed in 
numerous research projects worldwide. The survey consists of questions regarding user background 
information and various satisfaction questions. Full detail of the BUS Methodology and the actual 
questionnaire are presented in earlier studies (Baird et al., 2012). From 68 buildings, 5149 survey 
responses were collected over a 12-year period. For the purpose of this study, a subset of the 
questionnaire responses was used for the analysis. The included questions were about the age of 
participants, the gender of participants, and work-group sizes. The question relating to productivity asks 
survey participants to estimate how they think their productivity at work is decreased or increased by 
the environmental conditions in the building using a 9-point scale (where a 5 signifies conditions have no 
effect, less than 5 signifies a decrease and greater than 5 an increase). As noted above participants were 
asked to estimate how they were affected by unwanted interruptions on a 7-point scale. The paper 
questionnaires were distributed in the buildings in person, and the responses were typically collected 
after five to seven days. Response rates greater than 75% was required to ensure results were 
representative. Pearson’s correlation was used to test the correlation between the variables. One-way 
ANOVA was also utilised to test the significance of differences in mean scores between groups. 

3. Results

In what follows, the authors explore the differences in tolerance of interruptions found between 
individuals under and over 30 years of age (section 3.1), and whether male or female (section 3.2); and 
the effect of work-group size (section 3.3). The findings are discussed under each heading, and some 
overall conclusions advanced. 

3.1. Age of occupant – Under 30 years versus 30 years or over 
The mean score of productivity was better in the under 30 years group with a score of 5.39 compared to 
the 30 years or over group with a mean score value of 5.04 (Table 1). For 30 years or over, unwanted 
interruptions were scored worse with the mean score of 4.22 in comparison with the under 30 years group 
with a mean score value of 3.85 (Figure 1). One-way ANOVA tests showed a significant difference (p-
value<0.001) between the mean scores of productivity and unwanted interruptions for the under 30 years 
and 30 years or over age groups (Table 2). 
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Table 1. Descriptive statistics of productivity and unwanted interruptions for under 30 years and 30 
years or over. 

Parameters variables Mean Std. Deviation N 
Under 30 years Productivity 5.39 1.729 1200 

Unwanted interruptions 3.85 1.668 1208 
30 years or over Productivity 5.04 1.672 3473 

Unwanted interruptions 4.22 1.649 3479 

Figure 1. Comparative analysis of mean scores of productivity and unwanted interruptions between 
under 30 years and 30 years or over. 

Table 2. One-way ANOVA analysis comparing productivity and unwanted interruptions for under 30 
years and 30 years or over. 

Sum of Squares df Mean F p-value
Square 

Productivity Between Groups 104.669 1 104.669 36.788 <0.001** 
Within Groups 13289.805 4671 2.845 
Total 13394.475 4672 

Unwanted Interruptions Between Groups 121.384 1 121.384 44.355 <0.001** 
Within Groups 12821.297 4685 2.737 
Total 12942.681 4686 

Note: ** Statistical significance p-value<0.05 

For both age groups, negative Pearson correlation coefficients were found with statistical significance 
lower than 0.001. between productivity and unwanted interruptions in sustainable and conventional 
buildings, respectively. The Pearson correlation coefficients were -0.350 and -0.367 for under 30 years 
and 30 years or over, respectively. The Pearson correlation coefficients show that the 30 years or over 
group were more sensitive to unwanted interruptions and the productivity levels were more affected in 
comparison to the younger age group. 



1139 

The influence of work-group numbers and demographic characteristics on 
frequency of interruptions and perceived productivity of building users 

3.2. Gender – Male versus female 
The productivity scores were better for the male group with a mean score of 5.25 compared to the female 
group, with a mean score value of 5.00 (Table 3). The mean score of 4.21 for unwanted interruptions 
scored by female participants was worse than the mean score of 4.05 by the male participant group 
(Figure 2). One-way ANOVA tests also showed a significant difference between the mean scores of 
productivity and unwanted interruptions when comparing males and females (Table 4). 

Table 3. Descriptive statistics of productivity and unwanted interruptions for different genders. 

Parameters variables Mean Std. Deviation N 
Male Productivity 5.25 1.650 2413 

Unwanted interruptions 4.05 1.605 2369 
Female Productivity 5.00 1.728 2247 

Unwanted interruptions 4.21 1.718 2301 

Figure 2. Comparative analysis of mean scores of productivity and unwanted interruptions between 
male and female gender groups. 

Table 4. One-way ANOVA analysis comparing productivity and unwanted interruptions for male and 
female gender groups. 

Sum of Squares df Mean F p-value
Square 

Productivity Between Groups 68.197 1 68.197 23.935 <0.001** 
Within Groups 13271.737 4658 2.849 
Total 13339.934 4659 

Unwanted Interruptions Between Groups 30.708 1 30.708 11.123 0.001** 
Within Groups 12887.738 4668 2.761 
Total 12918.446 4669 

Note: ** Statistical significance p-value<0.05 
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For both gender groups, negative Pearson correlation coefficients were found with statistical significance 
lower than 0.001. The Pearson correlation coefficients were -0.359 and -0.371 for the male and female 
groups, respectively, which indicates a higher sensitivity of female participants to unwanted interruptions. 

3.3 Work-groups 
The tested work-groups were sole occupant, shared with one other, shared with 2 to 4, shared with 5 to 
8, and shared with over 8 people. The productivity scores were the best for the sole occupant group with 
a 5.32 mean score value and the worst for shared with more than 8, with a mean score value of 
4.99 (Table 5). Unwanted interruptions were the worst in the largest work-group with a mean score value 
of 4.25 and the best in the second smallest work-groups (shared with one other) with a mean score value 
of 3.85 (Figure 3). One-way ANOVA tests also showed a significant difference between the mean scores 
of productivity and unwanted interruptions when comparing various work-groups (Table 6). Although 
unwanted interruptions were worse in offices with a single user compared to offices shared with one 
other, the productivity scores were better in offices with a sole occupant in comparison to offices shared 
with one another. However, for the rest of the comparisons in work-groups, the worse the unwanted 
interruptions, the worse was the productivity scores. 

Table 5. Descriptive statistics of productivity and unwanted interruptions for different work-groups. 

Parameters variables Mean Std. Deviation N 
Sole occupant Productivity 5.32 1.607 1056 

Unwanted interruptions 4.09 1.675 1028 
Shared with one other Productivity 5.21 1.637 367 

Unwanted interruptions 3.85 1.670 357 
Shared with 2-4 Productivity 5.13 1.740 781 

Unwanted interruptions 4.09 1.603 798 
Shared with 5-8 Productivity 5.13 1.726 685 

Unwanted interruptions 4.08 1.696 702 
Shared with more than 8 Productivity 4.99 1.724 1720 

Unwanted interruptions 4.25 1.668 1740 
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Figure 3. Comparative analysis of mean scores of productivity and unwanted interruptions among 
various work-groups. 

Table 6. One-way ANOVA analysis comparing productivity and unwanted interruptions for different 
work-groups. 

Sum of Squares df Mean F p-value
Square 

Productivity Between Groups 77.330 5 15.466 5.390 <0.001** 
Within Groups 13230.293 4611 2.869 
Total 13307.624 4616 

Unwanted Interruptions Between Groups 58.633 5 11.727 4.245 0.001** 
Within Groups 12782.466 4627 2.763 
Total 12841.099 4632 

Note: ** Statistical significance p-value<0.05 

4. Discussion
The highest cost of running businesses is staff salaries and benefits, accounting for about 90% of business 
operating costs on average (Alker et al., 2014). Thus, creating a productive workplace can have a major 
financial implication for employers. The present study emphasises the importance of matching work 
patterns with user preferences and requirements. The matching of office user needs with space provision 
can only be accomplished through understanding the way people work in office environments and 
identifying their specific requirements. What is been reinforced is the importance of building user 
involvement in the evaluation of building performances and in the creation of the space. 
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Previously not many studies investigated the role of acoustic design and unwanted distractions on 
the productivity of knowledge workers. One earlier study found evidence that with online distractions 
blocked, participants reported higher productivity and focus in office environments (Mark et al., 2018). 
We have shown that distractions influence perceived productivity in different ways, depending on the 
physical and behavioural environments. We compared the effect of unwanted interruptions on perceived 
productivity across various user groups, including age, gender and work- group size. In all categories, 
significant correlations between unwanted interruptions and productivity were found. In all subsets of 
our dataset, the more frequent the unwanted interruptions were, the worse the perceived productivity. 
This showed that the ability to concentrate has a substantial influence on perceived productivity as 
supported by previous research (Maarleveld and De Been, 2011). The physical environment and acoustic 
performance of the office support employee productivity. The negative correlations between unwanted 
interruptions and knowledge worker productivity provided further evidence that the acoustic design of 
the office environment has a decisive effect on user experience in buildings. Our research showed that 
respondents that were less troubled by unwanted interruptions, were also more likely to experience the 
workplace as supportive for their productivity. 

In our dataset, older occupants (over 30 years) showed lower tolerance over unwanted 
interruptions in office environments. Likewise, female users reported lower tolerance over unwanted 
interruptions when compared to male users. These particular findings were consistent with earlier 
research that demonstrated genders have different responses to the negative aspects of open-plan offices 
in terms of distractions (Yildirim et al., 2007). In line with our findings, Kalgotra et al. (2016) compared the 
effect of distractions among different age and gender groups and demonstrated that interruptions caused 
by technologies significantly increased the task completion time particularly among young adult females 
and middle-aged males. The study suggested that the higher tolerance of interruptions among young adult 
female and middle-aged males is because of the multi-tasking abilities. The higher tolerance of unwanted 
interruptions among younger and male users, in our study, may be explained by Haynes’s research 
(Haynes, 2008) that correlated the tolerance of unwanted interruptions with multi-tasking abilities. One 
of the most important implications of this finding is that office designers need to account for the nature 
of the work in terms of the number of responsibilities for individuals when designing office spaces. 
Background noise and speech intelligibility in office environments particularly need further examination 
when designing for more sensitive building users such as female and over 30 years old users. 

Our study also demonstrated that the bigger were the size of work-groups, the more frequent were 
the unwanted interruptions. Open-plan offices may seem aesthetically more pleasing from the design 
point of view, yet users reported higher productivity in offices shared with fewer people (Rasheed et al., 
2019). The performance losses in large work-groups may be associated with the lack of speech privacy 
and reduced concentration as a result of overhearing other conversations (Roelofsen, 2008). Therefore, 
creating flexible open-plan offices that simultaneously enable both effective collaboration and 
undisturbed concentration may remain one of the highest aspirations of architectural design. 

5. Conclusion
This research provided further evidence of office worker needs and specific requirements. Overall, a 
significant negative correlation was found between productivity, and unwanted interruptions in all 
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groups tested. The more frequent the unwanted interruptions were, the worse the productivity scores. 
There was a significant difference in scores between all groups (age, gender and work-groups) for mean 
ratings on productivity and unwanted interruptions. It was also shown that acoustic design in office 
environments need further examination when designing for more sensitive building users such  as female 
and over 30 years old users. These results highlight the importance of the need to account for user 
demographics when designing office spaces. Our study demonstrated higher levels of unwanted 
interruptions in bigger work-groups. This finding particularly contradicted conventional wisdom that 
bigger work-groups improves user overall performance and productivity by enhancing collaborations 
among building users. This research also provided a simple, effective framework for measuring the 
influence of physical features and demographics on user perceptions and productivity—the results of this 
work yield progressive improvement strategies for the relationship between office users and buildings. 

For future evaluations, it is suggested that separate questions regarding unwanted interruptions 
and other forms of office distractions be included in the surveys to capture additional aspects of user 
spatial perceptions and avoid the confusion over the concepts. In our database, the numbers of 30 years 
or over were much higher than those under 30 years. It is suggested that smaller age categories to be 
used in survey questions to balance the number of participants in different age groups. 
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