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A B S T R A C T

Activity-based offices are increasingly popular. However, productivity and well-being in these work environ-
ments have been little researched. The aims of this study were to quantitatively determine perception and use of
the activity-based office environment in relation to self-rated productivity and well-being at work, and to
identify important predictors of these outcomes. Four activity-based offices in a large Swedish government
agency were surveyed 12 months after implementation. Two hundred and thirty-nine respondents were included
in the analyses. Linear regression models, adjusted for relevant covariates, were constructed separately for
predictors measuring satisfaction with different aspect of the environment (physical environment, privacy,
communication, personalization, personal storage, IT functions and cleaning) and office use (the number of daily
workspace switches, different workspaces used and the time spent looking for a workspace). Satisfaction with
the physical environment, privacy and communication had the strongest positive associations with self-rated
productivity and well-being at work. Increased workspace switching was associated with higher productivity,
while an increase in self-reported time spent searching for a workspace was associated with lower productivity
and well-being. However, predictors related to office use generally explained only a small proportion of variance
in the two outcomes. The results suggest that office developers should focus particularly on privacy needs but
also on communication, personalization, smooth workspace switching and minimization of work time spent
looking for available workspaces.

1. Introduction

An activity-based workplace (ABW) refers to an office where
workers do not have dedicated desks but are supposed to switch be-
tween workspaces designed for specific activities, such as collaboration,
concentration and speech privacy [1]. The popularity of this office
design is enhanced by several trends in society, particularly the rapid
technological development and the increase in knowledge work [2]. As
office work gets increasingly mobile and multi-locational, the ABW
enables organizations to use office space more efficiently, while at the
same time allowing for different tasks contained in modern office work
[3,4]. Facilitating interaction is a common goal in office re-design [5,6]
as collaboration is assumed to contribute to organizational performance
in knowledge work [7]. ABWs are claimed to enable organizations to
reduce facility costs, accommodate changes in personnel and team
structure easily, and even promote sustainability through a paperless

office and decreased commuting to work [4]. Improved productivity is
also a common goal when implementing an ABW [4,8].

However, there is still limited scientific knowledge on the effects of
ABWs on employee productivity and well-being. The perception of the
office environment has been investigated more, showing generally po-
sitive results for ABWs, particularly in comparison with open-plan of-
fices, e.g. Refs. [8–11]. Yet, productivity and well-being have clearer
financial implications for organizations than satisfaction with different
aspects of the environment. Any negative effects of the office design on
productivity or well-being could easily exceed the intended savings in
facility costs which are normally only a fraction of personnel costs [12].

Productivity is generally defined as the ratio between the input (i.e.,
resources, labor) and output (i.e., what is actually produced) [4]. In
office work, an objective measurement of workers' performance is often
not feasible, and researchers have to rely on self-ratings of perceived
productivity. An advantage of subjective ratings is, however, that they
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may capture certain aspects of the input, such as motivation, effort and
perceived hindrances to efficient working, which would be difficult to
quantify objectively. Well-being at work, on the other hand, is by de-
finition a subjective state, characterized by positive emotions and per-
ceptions related to the context of work [13,14].

Several studies have compared ABWs to other office designs in
terms of productivity, e.g. Refs. [4,10,11,15–18], and well-being, e.g.
Refs. [10,11,17–19]. However, factors that may influence perceived
productivity and well-being in ABWs have received little attention. To
our knowledge, only Kim et al. [11] have examined the perception of
different environmental factors in ABWs in relation to perceived pro-
ductivity and health, using quantitative methods. The use of ABWs
(e.g., the frequency of workspace switching) has not been examined in
relation to productivity and well-being at work by any study. Identi-
fying environmental factors associated with productivity and well-
being is, however, important because it may help designers and
workplace managers address the most relevant determinants of these
outcomes, even before an ABW is implemented.

In many previous studies, the relation between the ABW and pro-
ductivity or well-being has been assessed subjectively, i.e., researchers
have examined how these outcomes are perceived to be affected by the
environment, e.g. Refs. [4,10,11,16]. Such measures are likely biased
by the respondent's general attitude towards the ABW. The relation
between ABW features, productivity and well-being should be eval-
uated more objectively, by examining the perceived level of pro-
ductivity or well-being at work in general and relating that to the per-
ception of the ABW environment.

Several features of ABWs may, in theory, be relevant to productivity
and well-being. Open office spaces, which are also characteristic for
ABWs, decrease perceived privacy [20,21] and expose workers to dif-
ferent distractions, particularly coworkers' speech [22–24]. Lack of
privacy is associated with lower environmental satisfaction [25,26] and
stress symptoms [21,22,27], whereas irrelevant background speech has
been shown to impair cognitive performance [28–31]. Thus, distrac-
tions can even be considered as an indirect indicator of decreased
productivity [4]. As insufficient privacy and distractions are well-
documented disadvantages of the ABW [10,16,18,32], their relation to
perceived productivity and well-being in ABWs should be investigated.

The lack of dedicated desks is also associated with certain com-
plaints. Limited possibilities for workspace personalization are asso-
ciated with decreased satisfaction with the work environment [33],
perceived identity threat [34] and lower team identification [35]. The
effects of low privacy on emotional exhaustion could also be mitigated
by workspace personalization [21] – a way of coping that is prevented
by the clean-desk policy. The time spent looking for a workspace, set-
ting up and, eventually, clearing the desk is often perceived as non-
productive [4,9,11]. Other complaints in ABWs include dissatisfaction
with limited storage and insufficient hygiene related to desk-sharing
[11], as well as problems with ICT which may hinder workspace
switching [4]. It would be important to investigate whether the com-
plaints related to the ABW concept are also associated with productivity
and well-being at work.

Interaction and collaboration are, in turn, perceived positively in
the ABW according to several studies [8,32,36,37]. The only earlier
study on the relation between ABW features, productivity and well-
being [11] found that interaction with colleagues had the strongest
relation with perceived productivity. Another factor, which could be
expected to show a positive association with productivity and well-
being, is workspace switching behavior. An active use of workspaces
might facilitate productivity by ensuring appropriate conditions for
different work tasks. Furthermore, it might enhance the sense of au-
tonomy and control which could positively affect motivation, perfor-
mance and well-being, cf. [1].

The aim of this study is to examine the extent to which workers'
perception of different environmental factors and the reported use of
workspaces at an ABW are associated with self-rated productivity and

well-being at work. We expect that the perception of environmental
factors identified in the literature (i.e., environmental satisfaction,
privacy, personalization, storage space, IT functions, and cleaning),
satisfaction with communication, and use of office (i.e., workspace
switching, the variety of workspaces used, the time spent searching for
a workspace) will be associated with both productivity and well-being
at work.

2. Methods

2.1. ABWs

Employees working for a large Swedish government agency (the
Swedish Transport Administration), were recruited at four office sites at
different geographical locations where a relocation to ABWs had been
implemented 12 months earlier. The data were originally collected for a
longitudinal study with three measurement points: (I) prior to re-
locating to the ABW, (II) three months after relocation, and (III) 12
months after relocation (for more details, see Ref. [38]). Due to the
nature of the research questions, only cross-sectional data from the 12-
months follow-up in the ABW is used in this study.

The four ABWs generally contained web-meeting rooms, project
rooms, single rooms for telephone calls, conversation rooms, meeting
rooms, large open-plan room(s) accommodating 24 workers or more,
quiet rooms/zones, and conference rooms. The four ABWs differed,
however, in size and spatial design. The total area of the office ranged
from 775m2 to 14,714m2, and the area per employee ranged from
12m2 to 22m2. Prioritized workstations (i.e., workstations giving
priority to employees with special needs), a lounge area, and single
rooms for phone calls were available in some, but not all, ABWs.
Photographs of the ABWs are provided in Supplementary material.

The relocation to ABWs was planned, initiated and implemented by
the agency without interference from the researchers. The study was
approved by the Regional Ethical Review Board in Uppsala, Sweden
(Dnr.2015/118) and all respondents provided their written informed
consent prior to participation.

2.2. Respondents

We approached 514 employees at the four ABWs with a ques-
tionnaire 12 months after the relocation, achieving response rates of
60% (Office A), 64% (Office B), 76% (Office C) and 66% (Office D).
Respondents who did not work in an ABW and who were not present at
their primary office for at least 30% of time were excluded. Data from,
in total, 239 respondents (49, 57, 33 and 100 in Offices A-D, respec-
tively) were included in further analyses. Descriptive statistics of the
sample are given in Table 1.

2.3. Measures

The questionnaire addressed several issues. The following items
were analyzed in this study.

Age and gender were included as basic demographic covariates.
Managerial position (yes, no) was also used as a covariate because initial
analyses showed that managers gave higher ratings for productivity and
well-being than employees in non-managerial positions. In addition,
perceived general health was included as another covariate because it is
associated with self-ratings of performance [39] and can be viewed as a
sub-component of well-being [13]. It was measured with one item from
the SF-36 Health Survey (“Overall, would you say your health is …?
Excellent, very good, good, fair, poor” [40]). The highest two and the
lowest two categories were combined to arrive at a 3-category variable.

Satisfaction with the physical environment was measured on a 5-point
scale. The responses were merged into three categories: satisfied (com-
prising satisfied and very satisfied), neutral (neither satisfied nor dis-
satisfied) and dissatisfied (comprising dissatisfied and very dissatisfied).
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Satisfaction with privacy included six items concerning perceived noise,
acoustic privacy and visual shields (Cronbach's α=0.94) of which four
were adopted from Ref. [26]. Satisfaction with communication was mea-
sured using three items concerning information exchange and overall
communication with the closest colleagues and the possibility to engage
colleagues quickly for short matters (α=0.86). Single questions were used
to measure satisfaction with possibilities to personalize workspaces, personal
storage, IT functions and cleaning. All these questions were measured on a 7-
point scale (1: Very dissatisfied – 7: Very satisfied).

The number of workspace switches was assessed with a question “How
many times during a work day do you normally switch between dif-
ferent workspaces” (0: Work in the same place the whole day – 10: 10
or more times). The responses were merged into three categories: no
switches, 1–3 switches and 4 or more switches per day.

The use of different workspaces during an average week was rated
using a 5-point scale (all the time, often, sometimes, rarely, never).
Seventeen different workspaces were rated (for examples, see Section
2.1). A score for the number of different workspaces used was created by
calculating the number of workspaces reported to be used at least
sometimes by the respondent. This variable was then merged into three
categories: 1–3, 4–6 and 7–15 workspaces used.

The time spent looking for workspace was based on two questions from
Ref. [6]: “Do you need to spend time to look for a suitable workspace?“
(yes/no), and “How many minutes per day do you spend looking for a
suitable workspace?” Respondents reporting ‘no’ to the first question,
were assigned a value of 0min. Four categories were formed: 0, 1–5,
6–15 and 16–60min (60min was the highest response given). Per-
ceived productivity was assessed on an 11-point scale: ”What score
would you give to your overall productivity over the past month?” (0:
Not at all productive, 10: Maximally productive).

Well-being at work was assessed on a 7-point scale using seven faces
with expressions ranging from very happy/satisfied to very sad/dis-
satisfied (“Here are some faces that express different degrees of well-
being. Which of the faces expresses best how you have experienced
your well-being at work over the past four weeks?” [41]). The scale was
reversed so that higher values indicate more well-being.

2.4. Statistical analyses

Statistical analyses were conducted using IBM SPSS Statistics 24
(Armonk, NY: IBM Corp). Prior to the analyses, categories of some
variables were merged (see Section 2.3) to avoid loss of statistical
power due to categories with too few responses. The items measuring
office use (i.e., the number of workspace switches and different work-
spaces used, and the time spent looking for workspace) were categor-
ized due to strong skewness to the right. Thus, the highest categories
include a wider range of responses to avoid too small categories. Dif-
ferent ways of categorization were examined and categories that pro-
duced similar estimates were merged.

Effects of each predictor on both outcomes (i.e., productivity and
well-being at work) were determined using two-step linear regression.
The models were adjusted for age, gender and managerial position
(Model 1). Additional models were constructed with further adjustment
for general health (Model 2). Perceived general health was included in
the model separately because of the possibility that it could abolish
associations between predictors and well-being at work, due to the
conceptual overlap between this outcome and general health. Adjusted
R2 is reported as a measure of model fit. In both models, covariates
were first entered alone in the model followed by the predictor variable
at the second step. This was done to determine the proportion of var-
iance explained by the predictor which is indicated by the change in
adjusted R2 between the first and second step. Assumptions of nor-
mality, linearity, homoscedasticity, and absence of multicollinearity
were checked. For each model, effect estimates (B) were determined
with 95% confidence intervals (CI). Unstandardized estimates are re-
ported below, unless otherwise stated. Standardized coefficients (β)
were calculated and used in comparisons of models.

3. Results

Descriptive data for all variables are shown in Table 1. Respondents
were most satisfied with communication and IT functions, and least
satisfied with privacy and possibilities to personalize workspace. Initial
analyses showed that one of the four offices (Office C) had higher rat-
ings of productivity and most predictor variables, particularly among
managers. However, excluding this workplace did not affect the es-
sential findings reported below, and results are, therefore, reported
with all four offices included. Correlations between variables are shown
in Table 2. Unadjusted associations are shown in diagrams for sa-
tisfaction with privacy (Fig. 1) and the time spent looking for work-
space (Fig. 2), in relation to both outcomes. Diagrams for all other
unadjusted associations are provided in Supplementary material.

3.1. Productivity

Estimates of the associations between each predictor and productivity,
adjusted for age, gender and managerial position (Model 1) as well as for
general health (Model 2), are shown in Table 3. Age, gender and man-
agerial position explained together only 2% of variance in productivity
while general health explained incremental 14% of variance.

Of the different predictors in Model 1, overall satisfaction with the
physical environment was positively associated with productivity, im-
proving the model fit substantially (18%) in comparison to only in-
cluding covariates. The difference between dissatisfied and satisfied
employees corresponded to 2.2-units (unstandardized estimates) im-
provement in productivity (measured on an 11-point scale). Among

Table 1
Descriptive statistics for variables included in the study. N=239.

Variable Category % Mean SD

Population statistics
Gender Women 46

Men 54
Age 48.9 9.6
Managerial position No 79.9

Yes 20.1
Perceived general health Poor 15.1

Good 30.5
Very good 54.4

Predictors
Satisfaction with the physical environment Dissatisfied 38.1

Neutral 25.5
Satisfied 36.4

Satisfaction with privacya 2.99 1.54
Satisfaction with communicationa 4.63 1.47
Satisfaction with possibilities to personalize

workspacesa
2.58 1.94

Satisfaction with personal storagea 3.50 1.88
Satisfaction with IT functionsa 4.75 1.52
Satisfaction with cleaninga 4.12 1.63
Number of workspace switches per day No changes 28.5

1-3 55.2
4 more 16.3

Number of different workspaces used 1–3 35.6
4–6 33.1
7–15 31.4

Time spent looking for a workspace per day 0min 38.2
1–5min 15.1
6–15min 31.5
16–60min 15.1

Outcome variables
Productivityb 6.27 2.20
Well-being at workc 4.90 1.37

a Scale: 1 ‘Very dissatisfied’ – 7 ‘Very satisfied’.
b Scale: 0 ‘Not at all productive’ – 10 ‘Maximally productive'
c 7-point scale, see Section 2.3.
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other items, satisfaction with privacy (B=0.73) and communication
(B=0.71) had the strongest positive associations with productivity.
Satisfaction with privacy explained the largest proportion of variance
(25%) among all predictors, followed by satisfaction with commu-
nication (22%). Including general health as a covariate (Model 2) de-
creased all three estimates and the proportion of variance explained
slightly without changing the observed pattern of associations.

Satisfaction with the possibility to personalize, personal storage, IT
functions and cleaning showed weaker, but still positive, associations
(B=0.33–0.40, Model 1). Thus, a one-unit increase in any of these four
items (measured on a 7-point scale) was associated with less than a half-
unit increase in productivity. Based on the standardized estimates and
the change in adjusted R2, satisfaction with personalization appeared,
however, to be more strongly associated with productivity than sa-
tisfaction with personal storage, IT functions and cleaning. The var-
iance explained by personalization (12%) was roughly double that of
the other three predictors. Again, the observed associations remained
similar when further adjusting for general health even though the size
of the estimates and the proportion of variance explained slightly de-
creased (Model 2).

Regarding workspace use, a higher number of workspace switches
per day and a larger number of different workspaces used were asso-
ciated with higher productivity (Model 1). Compared to not switching
workspace during the day, productivity increased among workers
switching 1–3 times per day (B=0.80), and increased further with
more frequent switches (B=1.18). The benefits of changing workspace
were less apparent when measured by the number of different work-
spaces used; the number of workspaces needed to exceed six for pro-
ductivity ratings to increase (B=1.25). These predictors explained
only 3–5% of variance in Model 1. Nevertheless, they remained statis-
tically significant in Model 2, despite a decrease in the size of estimates
and in the proportion of variance explained.

More time spent looking for a workspace was associated with lower
productivity, even though this association was statistically non-sig-
nificant when only 1–5min were spent looking (B=−0.58; 95% CI:
−1.4-0.25, Model 1). Spending 6–15min and 16–60min were asso-
ciated with decreases of 1.10 units and 1.30 units in productivity, re-
spectively. The time spent looking for workspace explained only 5% of
variance in productivity. As with other predictors, the size of the esti-
mates and the proportion of variance explained decreased in Model 2.

3.2. Well-being at work

The results for the regression models for well-being at work are
shown in Table 4. Age, gender and managerial position explained a very
small proportion of variance in this outcome (2%). Including general
health improved the model fit substantially, as it explained 24% of
variance in well-being at work.

Of the different predictors in Model 1, overall satisfaction with the
physical environment was positively associated with well-being at work
(B=0.90–1.3, Table 4). Satisfaction with communication (B=0.41)
had a stronger positive association with well-being than satisfaction
with privacy (B=0.33). Satisfaction with communication explained
the largest proportion of variance among predictors (19%), followed by
satisfaction with the environment (17%) and privacy (13%). Again,
including general health as a covariate decreased the estimates and the
proportion of variance explained while the pattern of associations re-
mained otherwise similar.

Satisfaction with personalization (B=0.20) and IT functions
(B=0.25) showed weaker associations, while still positive and statis-
tically significant (Model 1). They explained 8% and 7% of variance,
respectively. The associations for personal storage and cleaning were
even weaker, but statistically significant. A one-unit increase in these
variables corresponded to less than 0.2-units improvement in well-
being, measured on a 7-point scale, explaining 4–5% of variance. The
associations remained statistically significant in Model 2, despite theTa

bl
e
2

C
or
re
la
ti
on

s
be

tw
ee
n
pr
ed

ic
to
rs

an
d
ou

tc
om

e
va

ri
ab

le
s.

Pe
ar
so
n'
s
co

rr
el
at
io
n
co

effi
ci
en

t
is

re
po

rt
ed

fo
r
as
so
ci
at
io
ns

be
tw

ee
n
co

nt
in
uo

us
va

ri
ab

le
s
an

d
Sp

ea
rm

an
's
co

rr
el
at
io
n
co

effi
ci
en

t
fo
r
as
so
ci
at
io
ns

in
vo

lv
in
g

ca
te
go

ri
ca
l
va

ri
ab

le
s
(s
ee

Ta
bl
e
1)
.

1
2

3
4

5
6

7
8

9
10

11
12

1
Sa

ti
sf
ac
ti
on

w
it
h
th
e
ph

ys
ic
al

en
vi
ro
nm

en
t

–
2

Sa
ti
sf
ac
ti
on

w
it
h
pr
iv
ac
y

0.
65

1*
**

–
3

Sa
ti
sf
ac
ti
on

w
it
h
co

m
m
un

ic
at
io
n

0.
49

8*
**

0.
66

1*
**

–
4

Sa
ti
sf
ac
ti
on

w
it
h
po

ss
ib
ili
ti
es

to
pe

rs
on

al
iz
e

0.
49

9*
**

0.
69

3*
**

0.
44

4*
**

–
5

Sa
ti
sf
ac
ti
on

w
it
h
pe

rs
on

al
st
or
ag

e
0.
32

5*
**

0.
43

9*
**

0.
38

1*
**

0.
40

9*
**

–
6

Sa
ti
sf
ac
ti
on

w
it
h
IT

fu
nc

ti
on

s
0.
21

8*
*

0.
26

8*
**

0.
35

9*
**

0.
24

6*
**

0.
39

7*
**

–
7

Sa
ti
sf
ac
ti
on

w
it
h
cl
ea
ni
ng

0.
37

8*
**

0.
43

8*
**

0.
36

7*
**

0.
39

7*
**

0.
34

0*
**

0.
27

2*
**

–
8

N
um

be
r
of

w
or
ks
pa

ce
sw

it
ch

es
pe

r
da

y
0.
28

0*
**

0.
28

8*
**

0.
17

7*
*

0.
24

4*
**

0.
07

5
−
0.
02

6
0.
21

0*
*

–
9

N
um

be
r
of

di
ff
er
en

t
w
or
ks
pa

ce
s
us
ed

0.
36

0*
**

0.
37

6*
**

0.
26

7*
**

0.
34

9*
**

0.
23

9*
**

0.
05

2
0.
20

6*
*

0.
42

0*
**

–
10

Ti
m
e
sp
en

tl
oo

ki
ng

fo
r
a
w
or
ks
pa

ce
pe

r
da

y
−

0.
33

3*
**

−
0.
36

6*
**

−
0.
42

4*
**

−
0.
25

6*
**

−
0.
21

6*
*

−
0.
13

0*
−
0.
18

6*
*

0.
11

0
−

0.
08

1
–

11
Pr
od

uc
ti
vi
ty

0.
45

6*
*

0.
52

0*
**

0.
47

8*
**

0.
36

5*
**

0.
28

2*
**

0.
25

5*
**

0.
26

3*
**

0.
19

2*
*

0.
23

3*
**

−
0.
25

7*
**

–
12

W
el
l-b

ei
ng

at
w
or
k

0.
43

3*
*

0.
38

6*
**

0.
43

8*
**

0.
30

6*
**

0.
20

3*
*

0.
27

6*
**

0.
23

6*
**

0.
13

1*
0.
26

7*
**

0.
19

5*
*

0.
48

5*
**

–

**
*p

<
.0
01

.
**
p
<

.0
1.

*p
<

.0
5.

A. Haapakangas et al. Building and Environment 145 (2018) 115–124

118



decrease in estimate sizes and in the proportion of variance explained.
Well-being was higher when switching workspace 1–3 times during

the day than when not switching at all (B=0.51) whereas switching
more than that showed a weaker effect, which could not be confirmed
statistically to differ from not switching at all (B=0.23; 95% CI:
−0.32-0.77, Model 1). These associations became statistically non-
significant when further adjusting for general health (Model 2).

Furthermore, using 7–15 different workspaces was associated with
better well-being than using 1–3 workspaces (B=0.66, Model 1). The
middle category of using 4–6 workspaces differed only a little from
using 1–3 workspaces, and the difference was not significantly different
from zero (B=0.27, 95% CI: −0.15-0.68). Well-being decreased when
6–15minutes (B=−0.64) or more (B=−0.73) were spent looking
for a workspace compared with not spending any time. The number of
workspaces used explained only 3% of variance in well-being while the
time spent looking for workspace explained 5%. These associations
remained statistically significant in Model 2 despite the decrease in
estimate sizes and in the proportion of variance explained.

4. Discussion

This study examined the perceptions of the ABW in relation to self-

rated productivity and well-being at work. To our knowledge, only Kim
et al. [11] have quantitatively investigated this question before. We also
examined the role of office use which has not been explored in relation
to productivity and well-being in previous research. Yet, the assump-
tion that activity-based use of workspaces can facilitate work perfor-
mance and employee satisfaction is central to the ABW concept. We
found that positive perceptions of the ABW environment and commu-
nication and more active use of workspaces were associated with higher
productivity and well-being at work, whereas the time spent looking for
a workspace was associated with lower productivity and well-being.
Standardized estimates of the associations between the investigated
predictors and productivity were generally slightly larger than the
corresponding associations with well-being at work. The fact that the
findings persisted even after adjusting for general health further sup-
ports the assumption that the use and perception of the ABW have their
own role in productivity and well-being.

4.1. Satisfaction with the ABW environment and communication

Overall, satisfaction with the physical environment had a positive
association with both productivity and well-being at work. This was
expected as several environmental factors have been associated with

Fig. 2. Unadjusted associations between the time spent looking for workspace and the outcomes productivity (left) and well-being at work (right). Diagrams show the
means for each answer category with 95% confidence intervals. See Supplementary material for more diagrams.

Fig. 1. Associations between satisfaction with privacy and the outcomes productivity (left) and well-being at work (right) with fitted unadjusted regression lines.
Bubble areas are proportional to the number of respondents sharing a particular (x,y)-combination, ranging from one to six respondents for productivity and from one
to seven for well-being. See Supplementary material for more diagrams.
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perceived productivity effects before [11] and the overall satisfaction
with the physical environment likely captures their combined effect.
Other studies have observed that the perceived physical environment
influences where employees prefer to work within an ABW [11,42],
demonstrating its importance to workers.

Satisfaction with privacy and communication had the largest effect
sizes among predictors measuring satisfaction with specific aspects of
the ABW. They also outweighed satisfaction with personalization, sto-
rage, IT functions and cleaning, as well as the variables related to office
use, in the proportion of variance explained (Tables 3 and 4). Both
privacy and communication have been highlighted in previous litera-
ture portraying lack of privacy as a disadvantage of the ABW [10,16,32]
and ease of communication as an advantage [43]. Our results are
consistent with previous observations that possibilities to both con-
centrate and collaborate have high priority among office workers
[36,44]. Lack of privacy may impair productivity directly through the
effects of noise on cognitive performance [31] but it is also a source of
stress affecting well-being [21,27]. The association between commu-
nication and productivity is, in turn, compatible with the emphasis of
collaboration in knowledge work [7]. The positive association between
communication and well-being likely stems from the quality of inter-
personal relationships at the workplace in general which is associated
with worker satisfaction and stress through several mechanisms
[27,45,46]. From this perspective, it is not surprising that satisfaction
with communication appears more important for well-being than any
aspect of the physical environment (Table 4).

Even though limited possibilities for personalization are discussed
as a concern in the ABW, e.g., Refs. [1,11,47], the present results
suggest that they are less important than privacy and communication.
This appeared particularly in the proportion of variance explained, but
also in the standardized estimates (Tables 3 and 4). Consistent with our
findings, personalization did not have particularly large effect size in
the study by Kim et al. [11], while still being a statistically significant
predictor. Interestingly, personalization appeared more important for
productivity than for well-being at work even though it is suggested to
be related to important psychological needs in the literature, e.g. Refs.
[47,48]. Satisfaction with personal storage, IT functions and cleaning
had weaker and similar effect sizes, as indicated by overlapping con-
fidence intervals on B (Tables 3 and 4). Thus, while personalization,
storage, IT functions and cleaning may be sources of dissatisfaction
(Table 1, [4,11,36]), they appear to have limited relevance to pro-
ductivity and well-being at work. However, these factors likely con-
tribute to general satisfaction with the environment, which did show a
clear relation to productivity and well-being in our study.

4.2. The use of the ABW

Confirming the core premises of the ABW, we found that more ac-
tive use of workspaces was associated with improved productivity and
well-being at work. The observed frequency of workspace switches
differed, however, remarkably from that reported in earlier studies. In
our population, only 29% did not switch workspace at all during the
day, compared to 68% reported by Appel‐Meulenbroek, Groenen and
Janssen [42] and 95% by Hoendervanger, De Been, Van Yperen and
Albers [49]. Our results agree, however, with these two studies in
showing that very active switching is rare. While the differences in
switching behavior may partly stem from the different metrics used, the
results suggest that our population may have matched the concept of
the ABW better and, thus, provided a valid context for the present re-
search questions related to productivity and well-being in ABWs if they
are used as intended.

Workspace switching had slightly differing relations to productivity
and well-being at work. Productivity increased with more daily
switches whereas, for well-being, switching workspace more than 3

times had no advantage over working in the same place all day. On the
other hand, using a larger number of different workspaces was posi-
tively associated with well-being at work. This contradiction may be
explained by the timeframe of these questions: workspace switches
were assessed on a daily level while the use of different workspaces
concerned a normal work week. The finding that a few switches have a
more favorable association with well-being than no or more switches
may suggest that switching entails some negative consequences, which,
above a certain threshold, exceed the initial benefits. Frequent
switching increases the time and effort spent on practical arrangements,
and workers may perceive that as additional work. This may also ex-
plain why switching during the work day is avoided according to other
studies [42,49]. In theory, such difficulties should also decrease per-
ceived productivity, and so it is surprising why we found this pattern
only for well-being.

The benefits of actively using different workspaces within ABWs can
be explained by several mechanisms. The most obvious explanation is
that by actively choosing different workspaces, employees more likely
work in conditions that help them to effectively perform their work.
The possibility to withdraw to quiet workspaces appears to be parti-
cularly important in this respect [22]. Having several workspaces to
choose from may also enhance the perception of environmental control
which is positively associated with satisfaction with the environment
and the job [25], as well as perceived job performance [50]. In addi-
tion, workspace switching has the potential to improve well-being
through increased physical activity and breaks from sedentary work.
However, studies including objective activity measurements suggest
that moving into an ABW has no or only modest effects on physical
activity and sedentary behavior [9,51] although differences between
workplaces can be substantial [38]. No studies have so far specifically
focused on the effects of workspace switching on metabolic outcomes
and musculoskeletal health, which is an interesting issue considering
the current debate on negative health effects of sedentariness [52–55].

However, the work time lost while looking for a suitable workspace
may reduce the benefits of workspace switching. Notably, productivity
was reduced already with as few as 1–5min of search time, although
the decrease was not pronounced until even more time was spent. For
well-being at work, losing only 1–5min was not an issue, while more
time use was negative. As nearly 50% of the respondents reported to
spend at least 6 minutes looking for workspace daily (Table 1), the
related decrease in productivity and well-being at work probably have
notable implications for organizational productivity. Our results sug-
gest that measuring lost work time with a good resolution may be very
informative in studies of ABWs.

The comparison of different models shows that the estimates related
to office use were more uncertain than those concerning satisfaction, as
shown by wider confidence intervals (Tables 3 and 4). This is partly a
result of merging these items into categories, resulting in some loss of
measurement accuracy. The office use predictors explained only a few
percent of variance in the outcomes. The results suggest that satisfac-
tion with the physical environment, privacy, communication and per-
sonalization are more strongly related to productivity and well-being in
the ABW than the use of activity-based workspaces. Our findings also
suggest that the perception and use of the ABW has a stronger asso-
ciation with productivity than it does with well-being at work. This is
logical given that work performance may be affected immediately by
adverse work conditions, whereas well-being may change in a longer
and more complex process that is also moderated by the adaptive ca-
pacity of the individual.

4.3. Strengths and limitations

Our study offers novel results on the perception and use of ABWs. It
is the first to quantitatively associate specific aspects of the ABW to
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general measures of perceived productivity and well-being at work.
Several earlier studies have measured the perceived impact of the en-
vironment on productivity and well-being, e.g. Refs. [4,10,11,16], not
the perceived actual level of productivity and well-being. While such an
approach adds to knowledge on ABWs, the methodology used in our
study is more objective in relating specific environmental variables to
self-rated productivity and well-being at work. Another strength of our
study is that the effects of relevant covariates were controlled for in the
statistical models; this does not appear to have been addressed in the
study of Kim et al. [11]. Controlling for covariates was particularly
important due to the cross-sectional design of our study.

Owing to the cross-sectional nature of our study, causal relation-
ships should not be inferred from the findings. In terms of practical
implications, it is unclear whether improvements in, for example,
privacy and number of workspace switches would lead to higher pro-
ductivity and well-being at a specific ABW. The factors identified in the
present study could be addressed in intervention studies to gain
stronger evidence on effects of actually changing them.

In addition, the self-reports of the time spent looking for workspace
are likely inaccurate due to perceptual and psychological sources of
bias involved in time estimation [56]. In an ABW, the inaccuracy of
reported time is probably amplified by the fact that attention is not
focused on estimating time but on finding a workspace, and that esti-
mation is retrospective and represents a perceived average. As time
perception is influenced by arousal and emotions [57], frustrations
experienced when searching for workspaces might lead to an over-
estimate of the lost work time. However, in that case, the negative ef-
fect could be present already at shorter time losses than those suggested
by our results. Future studies could combine objective measures (e.g.,
on-site tracking or observation) with surveys or diary methods to in-
vestigate the actual time lost navigating in the office, and then relate it
to productivity and well-being at work.

The generalizability of the findings is restricted by the fact that data
were only gathered in one Swedish organization. The possibility of
confounding due to differences between the four ABWs (see Section
2.1) cannot be ruled out although the findings remained similar when
the analyses were re-run excluding the office where some results de-
viated from the other three. The current population exhibited a low-to-
neutral level of satisfaction (Table 1), and ABWs with higher satisfac-
tion levels have been described in the literature [4,36]. The use of
workspaces, however, matched the concept of the ABW better than
what has been reported in some other studies [42,49].

Our statistical models tested only one predictor at a time; we did not
construct multivariate models due to multicollinearity issues. Thus,
strong conclusions should not be drawn on the relative importance of
variables, including whether the factors with the lowest effect sizes are,
indeed, important or not. As the distributions of ABW use appear highly
skewed, larger populations are needed to gain a more detailed view of
the relation between activity-based working and outcomes related to
performance and well-being.

4.4. Practical implications

Our findings suggest that the perception of the ABW and the way it
is used influence organizational performance, through effects on em-
ployee productivity and well-being at work. As satisfaction with com-
munication tends to be high already in ABWs [43], workplace design
and management should particularly focus on improving privacy. This
is also important for maintaining good communication, as annoyance
with office distractions may spill over on the perception of inter-
personal relations [22]. Privacy can be increased by providing suffi-
cient, easy accessible quiet workspaces or zones, by adopting beha-
vioral codes that diminish distractions, and by improving room acoustic
design. In terms of office use, attention should be paid to smooth
workspace switching and reducing time spent navigating in the office.
This can be achieved, for example, by information systems providing a

real-time overview of vacant workspaces.

4.5. Conclusions

This study showed that the perception of activity-based offices as
well as the way these offices are used are associated with self-rated
productivity and well-being at work. Our results showed that both of
these outcomes were most strongly associated with satisfaction with
privacy, communication and the physical environment in general.
Satisfaction with personalization was less important and even weaker
associations were observed for satisfaction with storage, IT functions
and cleaning. An active use of different workspaces was associated with
higher productivity and well-being but the work time lost while looking
for workspace was detrimental to both outcomes. Overall, our results
suggest that initiatives focusing on improving privacy, communication
and smooth workspace switching should be particularly prioritized
when striving for good productivity and well-being in activity-based
offices.
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