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Abstract: Knowledge workers are experiencing ever-increasing distractions or unwanted interrup-
tions at workplaces. We explored the effect of unwanted interruptions on an individual’s perceived
productivity in various building types, user groups and workgroups. A case study of 68 buildings
and their 5149 occupants using the Building Use Studies methodology was employed in this study.
The database contains information on the occupants’ perceptions of physical and environmental pa-
rameters, including unmined data on the frequency of unwanted interruptions. Pearson’s correlation
was used to test the correlation between the variables. In order to determine whether there are any
statistically significant differences between the means of two or more independent (unrelated) groups,
one-way ANOVA was employed to examine the significance of differences in mean scores between
various user groups and workgroups. The evidence of clear correlations between the frequency of
unwanted interruptions and perceived productivity is detailed in various user groups and in multiple
building types. The Pearson correlation coefficients were —0.361 and —0.348 for sustainable and
conventional buildings, respectively, demonstrating a lower sensitivity to unwanted interruptions in
sustainable buildings. Females and older participants were more sensitive to unwanted interruptions
and their productivity levels were reduced much more by unwanted interruptions. Comparing
different sized workgroups, the highest sensitivity to unwanted interruptions for occupants in offices
shared with more than 8 people was found. The findings of this study contribute to the understanding
of different user needs and preferences in the design of workplaces.

Keywords: productivity; interruptions; workgroups; demographics; offices

1. Introduction

Over recent decades, much consideration has been given to the effect of the physi-
cal environment of office buildings on the comfort, health and productivity of building
users. In this regard, considerable effort has been expended to learn about the influence
of the thermal, visual and acoustic aspects of buildings on occupant behaviours and ex-
pectations [1,2]. Building users and their productivity is influenced by various physical
and behavioural components in an office environment [3]. Office distractions could be
classified in the behavioural, environmental category as an integrated dimension of the
office environment [4]. In a study of faculty research performance, an individual’s re-
search productivity was associated with a combination of individual and institutional
characteristics [5]. Particularly, uninterrupted time to devote to scholarly activities was one
of the major components of the institutional characteristics that led to higher perceived
productivity [5].

Scholarly work has done much to highlight the detrimental effect of noise in sectors other
than the knowledge sector across various demographics. For instance, Schneider et al. [6]
documented extensive evidence that noise levels regularly exceed limit values in many sectors,
such as agriculture, construction, engineering, the food and drink industry, woodworking,
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foundries and entertainment. The authors noted that in the Czech Republic, 75% of workers
exposed to noise in textile production are observed to be female, followed by 5% in food
production. Mohammadi et al. [7] observed a significant effect of occupational noise on the
blood biochemical parameters of workers in an Iranian insulator manufacturing plant. A
relationship between exposure to noise and significantly increased systolic blood pressure of
62 male workers in a sack manufacturing company was found in Nigeria [8].

However, the same effort has not been expanded on workers in the knowledge
industry whose job involves the handling and use of information; and who spend most of
their time in an office environment. Perhaps the reason for the lack of attention is that the
noise levels experienced in office buildings are at a lower level compared to those observed
on farms, factories and construction sites. Additionally, whereas the health effect of loud
noise has been documented as significant [8,9], the impact of low noise has not. Thus, noise
experienced in office buildings may not be regarded as detrimental.

As noted earlier, investigations of the effect of the physical aspects of buildings (in this
case, the office environment) on productivity have hinged on importance of the worker
to organisational success and productivity. While aspects such as temperature, lighting
and facilities have been extensively studied, somewhat less attention has been given to
the study of distractions or unwanted interruptions on the productivity of occupants in
offices. That said, the potential disadvantages of noise, mostly in the form of distraction and
unwanted interruptions on knowledge worker productivity, have been reflected in a few
studies in the past [10,11]. Interestingly, some studies found contradictory results, showing
that people can complete interrupted tasks in less time with no difference in quality, yet
with more stress, higher frustration, and time pressure [12]. Another study demonstrated
that different interruption moments have different impacts on user emotional states and
positive social attributions [13]. The perception of too many unwanted interruptions
along with the overall satisfaction with air quality were the most significant factors among
all indoor environmental quality (IEQ) parameters in predicting perceived productivity
according to Francis [14].

In his book “Rewording the Brain”, Astle [15] noted that you would need 23 min and
15 s to get back on track after a two-minute off-topic interruption. This 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. Knowledge workers need some time to recover from a
distraction, which can potentially lead to errors [16]. It is estimated that interruptions in
knowledge work cost 588 billion USD per annum in the United States alone [17]. It is also
not by accident that so many authors seem to work on their novels in the garden shed or in
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.

While evidence is mounting that unwanted interruptions may be an important pre-
dictor of worker productivity in office environments, the part played by factors such as
workgroup and demography is less studied. Offices can be categorised into several work-
groups from cellular offices with a single occupant to open-plan offices with more than
eight occupants [18]. Office design layout influences occupant satisfaction and perceived
productivity in workplace environments [19]. Noise, distraction and privacy loss seem to
have adverse effects on productivity in open-plan layouts [20]. Haynes et al. (2017) showed
that the greatest impact on perceived productivity was the availability of a variety of
physical layouts, control over interaction and the “downtime” offered by social interaction
points. Depending on the workgroup sizes, office occupants may also experience various
levels of visual and acoustic privacy, and consequently, different amounts of distraction
and unwanted interruptions [21]. On the other hand, among all the environmental and be-
havioural components, in low-performance buildings, perceived productivity was strongly
associated with building aesthetics and quality, and noise distraction and privacy; while
in high-performance buildings, productivity was highly correlated with office layout, em-
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ployees” working experience, and work hours [22]. Therefore, a hypothesis was developed
that workgroup sizes, the type of use, and sustainability intention of office buildings might
also be a significant indicator of the impact of noise on knowledge workers’ productivity.

Our investigation commenced with (in retrospect rather belatedly) a pilot study
of relevant data from the 30 or so buildings featured in Baird’s survey of “Sustainable
Buildings in Practice” [23]. 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 unwanted interruptions (Table 1).

Table 1. List of buildings in “Unwanted Interruptions” order (on a 7-point Scale where 1 is best), together with scores for
Perceived Productivity.

Unwanted Interruptions Productivity %

Building Location Type Scores (Up or Down)
Torrent ReseaArcCh) Centre (with Ahmedabad, India commercial 2.87 20.88
Military Férz‘rlllt‘fes Resource Toronto, Canada institutional 2.90 20.00
Science Park in 2002 Gelsenkirchen, Germany commercial 3.16 1.43
St Mary’s Credit Union Navan, Ireland commercial 3.18 10.83
Min Energy. Wa_ter & Putra Jaya, Malaysia institutional 3.19 16.00
Communication
Nikken Sekkei Building Tokyo, Japan commercial 3.19 8.51
Torrent RestIe)a]\;?C)Centre (with Ahmedabad, India commercial 3.20 13.66
Gifford Studios Southampton, England commercial 3.29 2.80
Science Park in 2006 Gelsenkirchen, Germany commercial 3.46 —2.27
Tokyo Gas Yokohama, Japan commercial 3.47 5.62
NRG Systems Facility Vermont, USA commercial 3.50 19.51
Natural Resourc.e s Defense California, USA commercial 3.53 23.00
Council
Institute of Languages Sydney, Australia institutional 3.65 0.48
40 Albert Road Melbourne, Australia commercial 3.77 10.00
Arup Campus Solihull, England commercial 3.82 4.47
Renewable Energy Systems Kings Langley, England commercial 3.89 5.77
Comput.e y Sc%ence & Toronto, Canada institutional 4.01 2.54
Engineering
National Engineering Yards Vancouver, Canada commercial 4.03 0.19
60 Leicester Street, Melbourne, Australia commercial 4.12 11.39
Landcare Research Auckland, New Zealand institutional 412 —-2.18
ZICER Building Norwich, England institutional 4.23 —7.81
City Hall London, England institutional 4.41 —1.64
Found'n Building, Eden St Austell, England commercial 4.58 —7.00
Project in 2006 s ENE : :
AUT Akoranga Auckland, New Zealand institutional 4.71 3.64
Red Centre Building Sydney, Australia institutional 4.71 —5.00
Scottsdale Ecocentre Tasmania, Australia commercial 5.19 —4.29
Found'n Building, Eden .
Project in 2004 St Austell, England commercial 5.30 —2.00
Erskine Building Christchurch, New institutional 5.39 9.80
Zealand
Student Services Centre Newcastle, Australia institutional na —2.04
Institute of T.echmcal Bishan, Singapore institutional na —10.61
Education
General Purpose Building Newcastle, Australia institutional na -11.9
Menara UMNO Penang, Malaysia commercial na na

Note: in two cases, the same building was surveyed twice some years apart; while in another, different ventilation systems were used in
separate parts of the building. Interruptions were not assessed in four of the buildings, but they are listed separately at the bottom for
completeness. AC means air-conditioned; PDEC means passive down-draught evaporative cooling.

Twenty buildings reported increases in perceived productivity averaging +9.4% over-
all, 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
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highest frequency in unwanted interruptions were observed in commercial buildings (5.30;
5.19). The higher sensitivity of users in commercial buildings to unwanted interruptions
was observed when the averages of unwanted interruptions for the buildings were plotted
against perceived productivity for both commercial and institutional buildings. As shown
in Figure 1, the R-square of the trendline of the linear equation for commercial buildings is
closer to 1 than institutional buildings. The trend was clear, albeit on the basis of building
averages rather than individual respondents. While building averages are useful to give
an overview of performance, or when comparing buildings, the effect of interruptions
requires study of the perceptions of individuals.

y =-0.75x + 8.4951 . °

R? = 0.347 ®
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Figure 1. The scatter plot of the pilot study of sustainable building averages of unwanted interruptions against

perceived productivity.

With the promising results of the pilot study, the decision was taken to expand the
research to the full-scale with a database of 68 buildings and 5149 respondents. The aim
of this research was to compare the tolerance of unwanted interruptions among several
user groups and workgroup size in a systematic way. Thus, differences in sensitivity to
unwanted interruptions between commercial and academic buildings, between sustainable
and conventional buildings, between younger and older workers, between males and
females, and between differently sized workplace clusters were explored in detail.

After the methodology section (Section 2), the main findings are presented as follows:
The differences in sensitivity to unwanted interruptions found between different build-
ing use—commercial versus academic buildings in Section 3.1.; building design intent—
sustainable versus conventional buildings in Section 3.2.; age groups—under 30 years
versus over 30 years or over in Section 3.3.; genders—male and female in Section 3.4.; and
workgroup sizes in Section 3.5.

2. Methodology

A database of post-occupancy evaluation (POE) studies and the BUS (Building Use
Studies) methodology survey questionnaires were utilised for this research. The BUS
methodology survey is a well-recognised survey tool, which has been effectively used
in many research studies around the world. Full detail of the BUS methodology and the
actual questionnaire are presented in earlier studies [24]. The survey consists of several
questions regarding user background information and various satisfaction questions. From
68 buildings, 5149 survey responses were collected over a 12-year period. Table 2 provides a



Buildings 2021, 11, 55

50f17

summary of the building description including countries, number of occupants in the build-
ings, sustainability credentials, and building use. The majority of data was collected from
New Zealand (56.7%). The largest building had 342 occupants, and the smallest had only
11 occupants. There were a relatively equal number of green and conventional buildings.
In terms of building use, 72% were commercial buildings and 28% were academic building.

Table 2. Studied buildings in the dataset and building specifications.

Variables Dataset Distribution
Country New Zealand (56.7%); Australia (17.3%); England (11.4%); USA (1.4%);
India (3.3%); Ireland (0.3%); Japan (1.3%); Malaysia (3.1%); Canada (3.9%)
Number of occupants Minimum = 11; Maximum = 342; Average = 75; Standard Deviation = 70
Sustainability credentials Green buildings (55.7%); Conventional (44.3%)
Building use Commercial (72%); Academic (28%)

A subset of the questionnaire responses was used to serve the purpose of this study
(see Table 3). The utilised questions in this analysis included the age of participants, the
gender of participants, workgroup sizes, perceived productivity, and unwanted interrup-
tions. The age category was under 30 years for the younger groups and 30 years or over
for the older groups. The productivity question asked survey participants to estimate how
they think their productivity at work was 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). Respondents were
asked to “Please estimate how you are affected by unwanted interruptions ... ” on a
7-point semantic differential scale ranging from “Not at all” (scoring 1) to “Very frequently”
(scoring 7). The paper questionnaires were distributed in the buildings in person, and the
responses were typically collected after five to seven days. A response rate greater than
75% was required to ensure results were representative. To verify whether a statistically sig-
nificant linear relationship exists between two continuous variables, Pearson’s correlation
was used to test the correlation between the variables. In order to determine whether there
are any statistically significant differences between the means of two or more independent
(unrelated) groups, one-way ANOVA was also employed to examine the significance of
differences in mean scores between various user groups and workgroups.

Table 3. The subset of the survey questionnaire used in this study.

Category Topic Questions
Age What is your age? Tick Under 30 or 30 or over
Background questions Gender What is your sex? Tick Male or Female
Workgroups Is your office or work area ... ? Tick Normally occupied by you alone, Shared with one
other, Shared with 2—4 others, Shared with 5-8 others, or Shared with more than 8 others
Unwanted interruptions Please estimate how you are affected by unwanted interruptions ... ? Tick a number
Satisfaction from 1 (for Not at all) to 7 (for Very frequently)

Please estimate how you think your productivity at work is decreased or increased by
Productivity the environmental conditions in the building ... ? Tick a number from 1 (for Decreased
by 40%) to 9 (for Increased by 40%)

Statistical analysis included basic descriptive statistics, one-way ANOVA and Pearson
correlations. Descriptive statistics consist of mean values, standard deviation and sample
numbers in each group. One-way ANOVA is used to determine whether there are any
statistically significant differences between the means of two groups of design intent,
building use, age, gender and workgroup. One-way ANOVA tests the null hypothesis:

Ho:pr=po=pz=... =px 1)

where y is the group mean, and k is the number of groups. The null hypothesis for the
one-way ANOVA is that there is no difference in the population means of the different
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groups. If one-way ANOVA reports a p-value less than 0.05, the null hypothesis is rejected,
and it is confirmed that the two sample groups do not have the same mean.

Pearson correlation is the test statistics that measures the statistical relationship, or
association, between two continuous variables. The Pearson correlation produces a sample
correlation coefficient, r, which measures the strength and direction of linear relationships
between pairs of continuous variables. The coefficient is a number between —1 and +1 that
indicates to which extent two variables are linearly related and it is calculated from the
following formula:

cov(x,vy)

By = var(x)-y/var(y)

where cov(x, y) is the sample covariance of x and y; var(x) is the sample variance of x; and
var(y) is the sample variance of y.

()

3. Findings
3.1. Building Use—Commercial Versus Institutional

The comparison analysis of descriptive statistics including mean scores and standard
deviations showed that productivity was scored much better in commercial buildings with
a mean score of 5.21 than in institutional buildings with a mean score of 4.96 (see Table 4);
while unwanted interruptions were more frequent in institutional buildings than commercial
buildings with mean scores of 4.28 and 4.06, respectively (Figure 2). One-way ANOVA tests
showed a significant difference (p-value < 0.001) between the mean scores of productivity and
unwanted interruptions in commercial and institutional buildings (Table 5).

Table 4. Descriptive statistics of productivity and unwanted interruptions in commercial and institutional buildings.

Parameters Variables Mean Std. Deviation n
Commercial buildings Productivity 5.21 1.676 3331
& Unwanted interruptions 4.06 1.648 3377
L 1 Productivity 4.96 1.731 1407
Institutional buildings Unwanted interruptions 4.28 1.695 1374
9
8
7
v 6
[}
& 5.21 196
v 5
5 4.06 7 4.28
S 4
3
2
1
Commercial buildings Institutional buildings

AProductivity B Unwanted interruptions

Figure 2. Comparative analysis of mean scores of productivity and unwanted interruptions between commercial and

institutional buildings.
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Table 5. One-way ANOVA analysis comparing productivity and unwanted interruptions in commercial and institutional

building groups.
Parameters Variables Sum of Squares df Mean Square F p-Value
Between Groups 59.829 1 59.829 20.897 <0.001 **
Productivity Within Groups 13,559.334 4736 2.863 - -
Total 13,619.163 4737 - - -
Unwanted Between Groups 50.199 1 50.199 18.176 <0.001 **
Interruptions Within Groups 13,115.968 4749 2.762 - -
P Total 13,166.167 4750 - - -

Note: ** Statistical significance p-value < 0.05.

The Pearson correlation analysis also showed negative coefficients of —0.384 and
—0.324 with a statistical significance lower than 0.001 between productivity and unwanted
interruptions in commercial and institutional buildings, respectively (see Table 6). Thus,
in both commercial and institutional buildings, there seems to be a negative correlation
between the frequency of unwanted interruptions and productivity. The negative effect of
unwanted interruptions on productivity seemed slightly higher in commercial buildings
than institutional buildings. Our result affirms that of the pilot study of sustainable build-
ings suggesting that irrespectively of the design intent, users in commercial buildings are
more sensitive to unwanted interruptions than their counterparts in institutional buildings.

Table 6. Pearson correlation comparing productivity and unwanted interruptions in commercial and institutional

building groups.
Parameters Variables Statistics Productivity Unwanted Interruptions
Pearson Correlation 1 —0.384 **
Productivity Significance (2-tailed) - <0.001
. n 3331 3212
Commercial Pearson Correlation —0.384 ** 1
Unwanted Interruptions Significance (2-tailed) <0.001 -
n 3212 3377
Pearson Correlation 1 —0.324 **
Productivity Significance (2-tailed) - <0.001
L n 1407 1293
Institutional Pearson Correlation —0.324 ** 1
Unwanted Interruptions Significance (2-tailed) <0.001 -
n 1293 1374

Note: ** Statistical significance p-value < 0.05.

3.2. Design Intent—Sustainable Versus Conventional

The comparison analysis of descriptive statistics, including mean scores and standard
deviations showed that productivity was scored better in sustainable buildings than conven-
tional buildings, with mean score values of 5.49 and 4.70, respectively (Table 7). However,
unwanted interruptions were more frequent in conventional buildings than sustainable build-
ings, with the mean score values of 4.31 and 3.97, respectively (Figure 3). When comparing
the two groups in design intent, the more frequent unwanted interruptions coincide with
the worst productivity in conventional buildings. One-way ANOVA tests also showed a
significant difference (p-value < 0.001) between the mean scores of productivity and unwanted
interruptions in sustainable and conventional buildings (Table 8).

Table 7. Descriptive statistics of productivity and unwanted interruptions in sustainable and conventional buildings.

Parameters Variables Mean Std. Deviation n
. g Productivity 5.49 1.706 2604
Sustainable buildings Unwanted interruptions 3.97 1.701 2573
Productivity 4.70 1.581 2134

Conventional buildings Unwanted interruptions 4.31 1.602 2178
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Sustainable buildings

4.7
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Mean scores
N W R U1 N O ©

Conventional buildings
Al Productivity B Unwanted interruptions

Figure 3. Comparative analysis of mean scores of productivity and unwanted interruptions between
sustainable and conventional buildings.

Table 8. One-way ANOVA analysis comparing productivity and unwanted interruptions in sustainable and conventional

building groups.
Parameters Variables Sum of Squares df Mean Square F p-Value
Between Groups 714.707 1 714.707 262.301 <0.001 **
Productivity Within Groups 12,904.457 4736 2.725 - -
Total 13,619.163 4737 - - -
Unwanted Between Groups 136.968 1 136.968 49.923 <0.001
interruptions Within Groups 13,029.199 4749 2.744 - -
P Total 13,166.167 4750 - - -

Note: ** Statistical significance p-value < 0.05.

For both building groups, negative Pearson correlation coefficients were observed with
statistical significance lower than 0.001 between productivity and unwanted interruptions
in both building groups of sustainable and conventional buildings (Table 9). The Pearson
correlation coefficients were —0.361 and —0.348 for sustainable and conventional buildings,
respectively. This demonstrates a lower sensitivity of sustainable office occupants to
unwanted interruptions.

Table 9. Pearson correlation comparing productivity and unwanted interruptions in sustainable and conventional

building groups.
Parameters Variables Statistics Productivity Unwanted Interruptions
Pearson Correlation 1 —0.361 **
Productivity Significance (2-tailed) - <0.001
. S n 2604 2438
Sustainable buildings Pearson Correlation —0.361 ** 1
Unwanted Interruptions Significance (2-tailed) <0.001 -
n 2438 2573
Pearson Correlation 1 —0.348 **
Productivity Significance (2-tailed) - <0.001
. s n 2134 2067
Conventional buildings Pearson Correlation —0.348 ** 1
Unwanted Interruptions Significance (2-tailed) <0.001 -
n 2067 2178

Note: ** Statistical significance p-value < 0.05.

3.3. Age of Occupant—under 30 Years versus 30 Years or Over

Productivity was scored better among the younger participants with a mean of 5.39
compared to the older participants with a mean of 5.04 (see Table 10). For the younger
participants, unwanted interruptions were scored better with the mean score of 3.85 in
comparison with the older participants with a mean score of 4.22 (Figure 4). Therefore,
lower unwanted interruptions and higher productivity were observed among the younger
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participants, while the older group projected higher unwanted interruptions and conse-
quently lower perceived productivity. As shown in Table 11, the difference between the
mean scores of the younger and older participants was statistically significant (p-value
< 0.001) indicating that the null hypothesis was true and obtaining that difference in the
mean values by chance is very small.

Table 10. Descriptive statistics of productivity and unwanted interruptions for under 30 years and 30 years or over.

Parameters Variables Mean Std. Deviation n
under 30 vears Productivity 5.39 1.729 1200
y Unwanted interruptions 3.85 1.668 1208
30 vears or over Productivity 5.04 1.672 3473
y Unwanted interruptions 4.22 1.649 3479
9
8
7
6 5.39
5.04

%

Mean scores
[9,]

3.85
4
3
2
1
Under 30 years 30 years or over

@ Productivity B Unwanted interruptions

Figure 4. Comparative analysis of mean scores of perceived productivity and unwanted interruptions between under 30
years and 30 years or over.

Table 11. One-way ANOVA analysis comparing perceived productivity and unwanted interruptions for under 30 years and
30 years or over.

Parameters Variables Sum of Squares df Mean Square F p-Value

Between Groups 104.669 1 104.669 36.788 <0.001 **
Productivity Within Groups 13,289.805 4671 2.845 - -
Total 13,394.475 4672 - - -

Unwanted Betwgen Groups 121.384 1 121.384 44.355 <0.001 **
Interraptions Within Groups 12,821.297 4685 2.737 - -
Total 12,942.681 4686 - - -

Note: ** Statistical significance p-value < 0.05.

As shown in Table 12, for under 30 years and 30 years or over, the Pearson correlation
coefficients were negative with a statistical significance lower than 0.001, indicating that the
null hypothesis was true and there was a measurable difference between the age groups.
For the younger group, the Pearson correlation coefficients was —0.350 and for the older
group the coefficient was —0.367. The Pearson correlation analysis showed that the older
group was more sensitive to unwanted interruptions and the productivity scores were
much lower than the younger group.
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Table 12. Pearson correlation comparing productivity and unwanted interruptions for under 30 years and 30 years or over.

Parameters Variables Statistics Productivity Unwanted Interruptions
Pearson Correlation 1 —0.350 **
Productivity Significance (2-tailed) - <0.001
under 30 years " . 1200 1148
Unwanted I.’ea?s.on Correlat.lon —0.350 ** 1
Interruptions Significance (2-tailed) <0.001 -
n 1148 1208
Pearson Correlation 1 —0.367 **
Productivity Significance (2-tailed) - <0.001
30 years or over " . 3473 3299
Unwanted Pearson Correlation —0.367 ** 1
Interruptions Significance (2-tailed) <0.001 -
n 3299 3479

Note: ** Statistical significance p-value < 0.05.

3.4. Gender—Male versus Female

The mean score value of productivity for female participants was 5.00, which was
worse than the male participants, who scored their productivity with a mean value of 5.25
(see Table 13). The unwanted interruptions were scored 4.05 for male participants and 4.21
by female participants (Figure 5). As shown in Table 14, a significant difference between
the mean scores of productivity and unwanted interruptions was observed between male
and female participants.

Table 13. Descriptive statistics of productivity and unwanted interruptions for different genders.

Parameters Variables Mean Standard Deviation n
Mal Productivity 5.25 1.650 2413
aie Unwanted interruptions 4.05 1.605 2369
F 1 Productivity 5.00 1.728 2247
emate Unwanted interruptions 4.21 1.718 2301
9
8
7
3 6
§ 5.25 5
25
& 4.05 4.21
()]
S 4
3
2
1
Male Female

@ Productivity B Unwanted interruptions

Figure 5. Comparative analysis of mean scores of productivity and unwanted interruptions between male and female
gender groups.
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Table 14. One-way ANOVA analysis comparing productivity and unwanted interruptions for male and female gender

groups.
Parameters Variables Sum of Squares df Mean Square F p-Value
Between Groups 68.197 1 68.197 23.935 <0.001 **
Productivity Within Groups 13,271.737 4658 2.849 - -
Total 13,339.934 4659 - - -
Unwanted Between Groups 30.708 1 30.708 11.123 0.001 **
Interruptions Within Groups 12,887.738 4668 2.761 - -
p Total 12,918.446 4669 - - -

Note: ** Statistical significance p-value < 0.05.

The Pearson correlation analysis showed negative coefficient values with statistical
significance lower than 0.001 (see Table 15). For the male participants, the Pearson cor-
relation coefficient was —0.359 and for the male group the coefficient was —0.371. This
finding showed that female participants were more sensitive to unwanted interruptions
and productivity levels were reduced much more by unwanted interruptions than with the
male group.

Table 15. Pearson correlation comparing productivity and unwanted interruptions for male and female gender groups.

Parameters Variables Statistics Productivity Unwanted Interruptions
Pearson Correlation 1 —0.359 **
Productivity Significance (2-tailed) - <0.001
n 2413 2289
Male Pearson Correlation —0.359 ** 1
Unwanted Interruptions Significance (2-tailed) <0.001 -
n 2289 2369
Pearson Correlation 1 —0.371 **
Productivity Significance (2-tailed) - <0.001
n 2247 2144
Female Pearson Correlation —0.371 ** 1
Unwanted Interruptions Significance (2-tailed) <0.001 -
n 2144 2301

Note: ** Statistical significance p-value < 0.05.

3.5. Workgroups

The workgroup sizes included solo occupants, shared with one other, shared with 2
to 4, shared with 5 to 8, and shared with over 8 people. The solo group obtained the best
mean score for productivity, with a mean value of 5.32. The worst productivity scores were
achieved for the more than 8 group, with a mean score value of 4.99 (see Table 16). The best
unwanted interruption scores were obtained in the shared with one other group, with the
mean score value of 3.85. The worst unwanted interruption score was found in the shared
with more than 8 group, with a mean value of 4.25 (Figure 6).

Table 16. Descriptive statistics of productivity and unwanted interruptions for different workgroups.

Parameters Variables Mean Std. Deviation n
Solo occupant Productivity 5.32 1.607 1056
P Unwanted interruptions 4.09 1.675 1028
. Productivity 5.21 1.637 367
Shared with one other Unwanted interruptions 3.85 1.670 357
. Productivity 5.13 1.740 781
Shared with 2-4 Unwanted interruptions 4.09 1.603 798
. Productivity 5.13 1.726 685
Shared with 5-8 Unwanted interruptions 4.08 1.696 702
Productivity 4.99 1.724 1720

Shared with more than 8

Unwanted interruptions 4.25 1.668 1740
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Figure 6. Comparative analysis of mean scores of productivity and unwanted interruptions among various workgroups.

Significant differences were found between the mean scores for both perceived pro-
ductivity and unwanted interruptions when comparing various workgroups, as illustrated
in Table 17. Except for solo offices, productivity and unwanted interruptions had neg-
ative correlations, meaning that the worse were the unwanted interruptions, the worse
the productivity scores. Although unwanted interruptions were worse in solo offices in
comparison with the shared with one other offices, the productivity scores were better
in offices with a solo occupant in comparison to offices shared with one another. This
indicated that there was an anomaly in the correlations between unwanted interruptions
and productivity when small sized offices are compared.

Table 17. One-way ANOVA analysis comparing productivity and unwanted interruptions for different workgroups.

Parameters Variables Sum of Squares df Mean Square F p-Value

Between Groups 77.330 5 15.466 5.390 <0.001 **
Productivity Within Groups 13,230.293 4611 2.869 - -
Total 13,307.624 4616 - - -

Unwanted Between Groups 58.633 5 11.727 4.245 0.001 **
Interruptions Within Groups 12,782.466 4627 2.763 - -
Total 12,841.099 4632 - - -

Note: ** Statistical significance p-value < 0.05.

Multiple comparisons and Tukey honestly significant difference (HSD) analysis for
productivity showed that only when comparing the smallest workgroup and the largest
workgroup was there a significant difference in productivity values (Table 18). For un-
wanted interruptions only when comparing the second smallest workgroup and the largest
workgroup was there a significant difference (Table 19).
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Table 18. Multiple comparisons and Tukey honestly significant difference (HSD) analysis for productivity scores among

different workgroups.

95% Confidence Interval

(I) Work-Group (J) Work-Group Mean Difference (I-]) Std. Error p-Value
Lower Bound Upper Bound
Shared with 1 other 0.115 0.103 0.874 ~0.18 0.41
Solo occupant Shared with 2—4 0.194 0.080 0.147 —0.03 0.42
Shared with 5-8 0.192 0.083 0.190 —0.04 0.43
Shared with more 0.331 ** 0.066 0.000 ** 0.14 052
than 8
Solo occupant —0.115 0.103 0.874 —0.41 0.18
Shared with 1 Shared with 24 0.079 0.107 0.977 —-0.23 0.38
other Shared with 5-8 0.077 0.110 0.981 —0.24 0.39
Shared with more 0.216 0.097 0.231 ~0.06 0.49
than 8
Solo occupant —0.194 0.080 0.147 —0.42 0.03
. Shared with 1 other —0.079 0.107 0.977 —0.38 0.23
Shared with 24 Shared with 5-8 ~0.002 0.089 1.000 ~025 0.25
Shared with more 0.137 0.073 0.420 ~0.07 0.35
than 8
Solo occupant —0.192 0.083 0.190 —0.43 0.04
. Shared with 1 other —0.077 0.110 0.981 —0.39 0.24
Shared with 5-8 Shared with 2-4 0.002 0.089 1.000 025 0.25
Shared with more 0.139 0.077 0.458 ~0.08 0.36
than 8
Solo occupant —0.331 ** 0.066 0.000 ** —0.52 —0.14
Shared with more  Shared with 1 other —0216 0.097 0.231 —0.49 0.06
than 8 Shared with 24 ~0.137 0.073 0.420 —0.35 0.07
Shared with 5-8 ~0.139 0.077 0.458 ~0.36 0.08

Note: ** Statistical significance p-value < 0.05.

Table 19. Multiple comparisons and Tukey HSD analysis for unwanted interruptions among different workgroups.

95% Confidence Interval

(I) Work-Group (J) Work-Group Mean Difference (I-]) Std. Error p-Value
Lower Bound Upper Bound
Shared with 1 other 0.240 0.102 0.176 ~0.05 053
Solo occupant Shared with 2-4 —0.005 0.078 1.000 023 022
Shared with 5-8 0.009 0.081 1.000 —0.22 0.24
Shared with more ~0.163 0.065 0.125 ~035 0.02
than 8
Solo occupant —0.240 0.102 0.176 —0.53 0.05
Shared with 1 Shared with 24 —0.244 0.106 0.191 —0.55 0.06
other Shared with 5-8 ~0.231 0.108 0.268 —0.54 0.08
Shared with more —0.403 ** 0.097 <0.001 ** —0.68 ~0.13
than 8
Solo occupant 0.005 0.078 1.000 —0.22 0.23
. Shared with 1 other 0.244 0.106 0.191 —0.06 0.55
Shared with 24 Shared with 5-8 0.013 0.086 1.000 —0.23 0.26
Shared with more ~0.159 0.071 0.223 ~0.36 0.04
than 8
Solo occupant —0.009 0.081 1.000 —0.24 0.22
, Shared with 1 other 0.231 0.108 0.268 —0.08 0.54
Shared with 5-8 Shared with 2-4 ~0.013 0.086 1.000 —026 0.23
Shared with more ~0172 0.074 0.189 ~038 0.04
than 8
Solo occupant 0.163 0.065 0.125 —0.02 0.35
Shared with more  Shared with 1 other 0.403 ** 0.097 <0.001 ** 0.13 0.68
than 8 Shared with 24 0.159 0.071 0223 —0.04 0.36
Shared with 5-8 0172 0.074 0.189 —0.04 0.38

Note: ** Statistical significance p-value < 0.05.

For all workgroups, negative Pearson correlation coefficients were identified with
statistical significance lower than 0.001. The Pearson correlation coefficients for solo
occupants, shared with one other, shared with 2—4, shared with 5-8, and shared with more
than 8 were —0.304, —0.374, —0.291, —0.397 and —0.421, respectively, which indicates the



Buildings 2021, 11, 55

14 of 17

highest sensitivity to unwanted interruptions for occupants in offices shared with more
than 8 people.

4. Discussion

As organisations adopt larger workgroup environments to aid collaboration, workers
may become overloaded with distractions [25]. Distracting workplaces can cost companies
millions of dollars in lost productivity. Thus, creating a distraction free workplace will
not only have major financial implication for employers, but also help employees with
wellness, work-life balance, frustration, and stress.

Our research showed that respondents who were less troubled by unwanted interrup-
tions were also more likely to experience the workplace as supportive for their productivity.
In all categories of the investigated groups, 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 [26]. This
further reinforced that 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.

The present study investigated the sensitivity of various user groups to office dis-
tractions in multiple building types. It was found that commercial office workers had
higher tolerance to unwanted interruptions when compared to institutional office occu-
pants. Because of the differences in the nature of the work in commercial and institutional
buildings, the expectations and occupant experiences differ when the two building users
are compared [18]. Haynes [10] reported that office occupants with the higher variety of
responsibilities in the office may be the least affected by distraction. As academics have mul-
tiple responsibilities, the lower tolerance of unwanted interruptions among institutional
office users may be explained by the point that Haynes [10] makes.

Higher tolerance of interruptions was also found among occupants in sustainable
buildings. This finding is similar to previous studies that showed user of sustainable build-
ings tend to tolerate deficiencies rather more than users of more conventional buildings [27].
The higher tolerance of sustainable building users to interruptions in our study may be
a result of the buildings’ sustainable performance overriding other aspects. As noted
by Onyeizu [28], a sustainable office environment should have good acoustics to enable
easy communication and an appropriate soundscape while reducing possible unwanted
noise and disturbance. Another plausible reason may be that sustainable buildings have
a better acoustic performance than conventional buildings, which create less disturbance
and distractions to building users.

Occupants over 30 years of age showed higher sensitivity to unwanted interruptions in
office environments. Likewise, female participants in our study showed higher sensitivity
to unwanted interruptions, which is in line with previous studies that demonstrated
genders have different responses to the negative aspects of open-plan offices in terms
of distractions [21]. Consistent with our findings, Kalgotra, Sharda, and McHaney [29]
demonstrated that interruptions caused by technologies significantly increased the task
completion time particularly among young adult females and middle-aged males. The
higher tolerance of interruptions among young adult female and middle-aged males may be
associated with multi-tasking abilities [30]. One of the most important implications of this
finding is that office designers need to account for the nature of the work and multitasking
responsibilities for individuals when designing office spaces. Background noise and speech
intelligibility in office environments particularly need further exploration when designing
for more sensitive building users such as female and over 30 years old users.

This highlights 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
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identifying their specific requirements. What is important is building user involvement in
the evaluation of building performances and in the creation of the space.

Our study also demonstrated that unwanted interruptions occurred more frequently
in larger workgroups. The only exception was the solo offices in comparison with the
shared with one other office. Although unwanted interruptions were worse in the solo
offices than shared with one other, productivity scores were better in the solo offices. This
exception may be due to the other desirable attributes that solo occupant offices have, such
as privacy and bigger storage spaces, so even with more frequent unwanted interruptions,
the productivity was boosted in solo offices. When comparing the five workgroup sizes,
occupants in offices shared with more than 8 people had the lowest tolerance of unwanted
interruptions. Open-plan offices may seem aesthetically pleasing, stimulate relationship-
building interactions, and increase collaboration, yet offices shared with fewer people
obtained higher perceived productivity [19]. As demonstrated by previous studies, self-
interruption has a higher rate in larger open plan offices [31]. The performance loss in large
workgroups is associated with the lack of speech privacy and reduced concentration as a
result of overhearing other conversations [32]. Therefore, creating flexible open-plan offices
that simultaneously enable both effective collaboration and undisturbed concentration may
remain one of the highest aspirations of office design.

Employees rate their productivity based on individual productivity, rather than team
productivity or organisational productivity [26]. Employees also acknowledge the physical
environment of their office as an important, inspiring factor for individual productivity. A
healthy workplace environment improves productivity and reduces employee-related costs.
While organisations prefer open-plan layouts to facilitate collaboration and productive
interaction, designers must remain aware that opportunities for concentration are of huge
importance. Although some of these are universally relevant, it is essential to consider
the particular work processes within the organisation when determining which specific
aspects to focus upon.

Thoughtful design and practice can reduce the impact of unwanted interruptions
on building users’ lives and improve the quality of working environment. Productivity
was a factor that was studied in this paper, yet, sleep, fatigue, irritability, headaches and
stress are others that interfere with human life. Including rooms that have higher levels of
control over noise pollution is a one sensible solution to create productive buildings for
more sensitive building users.

Productivity in buildings is affected by various personal and environmental parame-
ters, for example, productivity seems to be higher in better ventilated buildings. However,
it was shown in this paper that unwanted interruption is one of those parameters that
influences productivity. Our statistical analysis with a large sample showed a correlation
between the two variables, meaning that unwanted interruption greatly influences produc-
tivity and that is one of the important building design measures for productive buildings.
Using a controlled data sample to keep all parameters the same for comparative studies
is extremely difficult in this type of studies. However, to increase the validity of results,
using a larger sample is recommend to future studies.

5. Conclusions

We have shown that distractions influence perceived productivity in different ways,
depending on the physical and behavioural environments. Further evidence regarding
knowledge-worker needs and preferences was provided in this research. The correla-
tion between productivity, and unwanted interruptions in all groups tested proved to
be significantly negative. Higher tolerance to unwanted interruptions was found among
commercial office workers and in sustainable buildings. Our findings indicate the need
for extensive investigation of the acoustic performance of commercial and institutional
buildings at the architectural design stage. It was also shown that the acoustic design of
office environments directly influences perceived productivity and special consideration is
needed when designing workplaces for more sensitive building users such as females and
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those over 30 years old. 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 workgroups. This finding particularly contradicted
conventional wisdom that bigger workgroups improve overall user performance and
productivity by enhancing collaborations and interactions among building users. This re-
search 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. One limitation of the study is the sample size for the two age groups. 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 should be used in survey questions to balance the
number of participants in different age groups.
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