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E-commuting has the potential to address problems of
congestion, pollution, work-life-balance, productivity and lack
of housing affordability. It reduces the need to travel to cubicles
primarily through the utilisation of modern ICT. Simply, it is
working from different places on a full (hybrid) or part-time
basis. But Covid-19 has had a dramatic impact on how people
and businesses operate day-to-day, not least in how they
approach travelling to and from places of work. Different efforts
to contain the disease have had an instant and unprecedented
effect on working patterns all over the world, with the lockdown
restrictions and increased e-commuting reducing the use of car
journeys and the demand for public transport.

Abstract: As a result of restrictions introduced to slow the spread of Covid-19, the
number of commuters has significantly decreased and e-commuters increased. This
analysis is based on Austrians who had a job prior to the pandemic and who were still
working during the survey (whether they worked from home or commuted). Using
data from the survey, this article examines changes in the mode of workplace of those
who switched to e-commuting. Additionally, the authors were interested in finding out
to what extent the e-commuting agreement reduces commuting. The following were
done: a systematic review of e-commuting literature, a cross-tabulation of data to
examine relationships within data, a McNemar test for workplace examination and a
Friedman test with pairwise comparisons for commuting analysis. The data show that
the number of e-commuters increased in almost all the surveyed periods except
between the pre-Covid time and the easing of the lockdown. The e-working proportion
increased on average by 59.74%. Results suggest that the frequency of commutes by
cubicles differs significantly in all periods except between the first and second
lockdowns, and by e-workers between February and the first lockdown and the easing
and the second lockdown. If we look at the average rankings, we see that during the
second lockdown, the frequency of cubicle commutes decreased significantly and that
of e-workers increased.

Looking back, the Covid-19 pandemic, and the measures
designed to tackle it, have had a dramatic effect on workplace
activities. As Covid-19 spread, increased social distancing,
higher uncertainty and the lockdowns reduced outside activities.
The focus of this project was to explore employees’ cubicle and
e-commuting workplace activities in a surveyed country in the
pre-Covid-19 time, during the first lockdown, the easing of the
lockdown and during the second lockdown. Additionally, we
were interested in finding out to what extent the e-commuting
agreement reduces commuting. One of the reasons for many
companies to implement e-commuting is to exercise corporate
social responsibility, but also because it reduces the overall
transmission of the disease.
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1 Introduction
During the entire history of humankind, location dependency
was the key for getting a job. This means that a lack of
technological advancement prevented the work environment
from being flexible. Humans moved from the Stone Age
(hunting, gathering, preparing food, constructing human
artefacts) to social groups, through agriculture (farming) and
different industrial revolutions (physical power) to the modern
information and communication technology (ICT) age (Beno,
2018). Before the 19th century, most workers lived less than a
one-hour’s walk from their workplace (Mauss et al., 2016). The
industrial revolution, and the industrious revolution (De Vries,
1994), moved people from their home to workplaces, now
people are able to move back to their homes (Simitis, 1986).

The following section provides an account of the e-commuting
concept. The third section briefly outlines the methodology used
in this research. The fourth section gives a short overview of the
results and closes with a discussion. The last section gives the
conclusions.
2 E-commuting
The idea of working at a distance arose in the 1970s (Nilles et
al., 1976) during the oil crises (Scholefield and Peel, 2009).
Since then, the term varies within the existing literature. “Since
the idea of telecommuting has been around for decades now, it
makes sense that new words and phrases would come to replace
what is, in theory, a not-so-new workplace concept” (Parris,
2018). Over the years, researchers used different terms to
indicate e-commuting, such as teleworking, remote working,
nomadic working, mobile working and e-working. These terms
do not always have the same meaning of the concept of ecommuting. Fonner and Roloff (2010) state that employees work
principally from home, but teleworking is not limited to homebased work and includes working from a variety of other
locations, such as telecentres and call centres. Basically, ecommuting means the utilisation of ICT rather than commuting
to work (Beňo and Ferenčíková, 2019). It has become apparent
that there are many ways in which teleworking can be practised,
and so a more detailed breakdown of the term is needed. The
definition varies from country to country, industry sector, time
and place, but includes three common principles. Telecommuting
involves (1) members of an organisation, (2) performing their
regular work away from the central workplace at a remote
location, (3) while using technology to complete the work
(Pinsonneault and Boisvert, 2001).

When traffic congestion, rail fare increases, the cost of petrol, air
pollution, commuting time increases and many other factors are
taken into consideration, commuting seems to be a far from
stress-free experience. Commuting (travelling to work in
general) places a disproportionate burden on the transport
network, physical (Künn-Nelen, 2016; Sugiyama et al., 2016;
Tsuji and Shiojima, 2015) and mental health (Hilbrecht et al.,
2014; Sugiyama et al., 2016; Wener and Evans, 2011), work
performance (Grinza and Rycx, 2020; Künn-Nelen, 2016;
Nomoto et al., 2015; Steinmetz et al., 2014) and social
participation (Delmelle et al., 2013; Mattison et al., 2015;
Newman et al., 2014; Sandow, 2011).
Commuter behaviour is undergoing a change with regard to
modes of commuting, increases in commuting distance and
duration, time of day for commuting and increased congestion.
Commuting time from the home to the workplace has been
increasing (Lorenz and Goerke, 2015; Roberts and Taylor, 2017).
In 2018, more than one in five European workers spent 90
minutes or more of their time travelling to and from work. On
average, European workers spend 1 hour and 24 minutes a day
commuting, travelling 28.56 km in total (SD Worx, 2018). But
70% of Europeans think their commute has a good ecological
footprint, despite cars being the kings of the commute (SD Worx,
2019). Many Austrians are struggling to find work in the rural
heartland and are being forced to commute long distances. Most
employers say this is not their problem (Cermak, 2014). The
number of commuters in Austria made up 2.2 million of the
roughly 4 million employed people, i.e. more than a half
(Statistik, 2020). Furthermore, 220 000 Austrians commute 40
km per day and almost 60 000 of them 100 km or more every
day (Wolf-Eberl and Posch, 2018). Such long commutes and the

E-commuting, formerly e-working, has increased over the last
years, enabled by modern technology. Telework increased slowly
in the 11 years before the appearance of Covid-19 (Eurostat,
2021a). E-commuting has been connected with staying at home
to work on major projects/tasks for the company. With the arrival
of Industry 4.0 and advanced ICT it became increasingly
possible to meet the work requirements without needing to spend
so much time in traffic, and it allowed more work flexibility.
There are two types of e-commuters: those who commute to
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first lockdown, after the easing of the first lockdown, second
lockdown. The study was conducted regardless of gender,
however both genders participated in our research. The
participants came from Austria, from towns and cities, from
suburbs and the countryside. Respondents’ ages ranged from 20
to 59 (see Table 1).

cubicles once or twice a week or fully e-workers who do not
commute at all.
In choosing the type of commuting model, commuters are
assumed to evaluate the attributes of the different transport
options available to them and to choose the type of transport
mode that will provide them with maximum utility (Ortúzar and
Willumsen, 2011). However, it has also been posited that
commuting behaviour is habitual and that changes of the type of
commuting is more likely at the time of major life events, such
as moving house, changing jobs, relationship breakdowns or the
birth of a child (Clark et al., 2016). Recent data show that the
effect of teleworking on commuting is driven by occupations in
which teleworking has grown. Therefore, policymakers should
be aware that the effects differ between intellectual and manual
occupations (De Vos et al., 2019).

The sample was a heterogeneous group of professionals working
in several areas, including the following: customer services,
accounting, electronic data processing, research and
development, marketing and logistics. Responses to the
questionnaires were anonymous.

E-commuting is seen as a tool for reducing the environmental
and socio-economic impact of transport and mobility patterns on
society (Beňo, 2021; Cerquiera et al., 2020; Hynes, 2014; Kitou
and Horwath, 2006; Van Lier et al., 2014) and reducing distances
and number of trips (Balepur et al., 1998; Choo et al., 2005;
Ravalet and Rérat, 2019). Previously, e-commuters made
significantly fewer and shorter trips than non-teleworkers
(Elldér, 2020).

There is a reliability risk with e-mail questionnaires. It is more
difficult to guarantee their anonymity. The respondents might be
concerned about the information they have provided being
misused. To assure them that this would not happen, the authors
of the paper proceeded as follows. First, the confidential nature
of their responses was emphasised in the questionnaire
invitation. This also contained a description of the mechanism
which was then executed. We used trusted software which did
not allow linking identifiers with their responses. Their ID and
responses were stored in different files. Then, the authors made
certain that all IP addresses, e-mail data, and other person-related
data were not archived.

3 Material and Methods

3.3 Data Collection and Analysis

3.1 Procedure

In the first stage, we used a cross-tabulation of the data to
examine relationships within the data. In the second stage of our
analysis, we used the McNemar test to determine the consistency
in the responses across two variables. We tested two workplace
changes to determine whether there is a significant difference
between the proportion of workers working from home and
those working from cubicles in all four examined periods. In the
next step, we examined commuting. We used the Friedman test
with a pairwise comparison to determine whether there is a
difference between the commuting of workers and e-workers
during the examined periods.

The authors of the paper regard the literature review as a critical,
analytical account of the existing research on a particular topic.
Firstly, the authors present their own discussion of the existing
literature on e-commuting. Secondly, a descriptive empirical
analysis is used. Data analysis consists of descriptive statistics
and other quantitative measures in analysing particular issues
and questions.
3.2 Participants
Research was performed following a quantitative approach,
drawing from a sample of 154 individual employees in Austria.
Our survey started at the end of February 2020; 154 employees
were selected, made up of 34 e-workers (20 male and 14 female)
and 120 cubicle workers (68 male and 52 female). In Table 1, we
provide further socio-demographic data.

4 Commuting versus e-commuting: Looking Back and
Looking Forward, Survey Results
Austria is widely recognised among EU and OECD countries
(EFI, 2020) as having highly flexible labour markets.
Additionally, Austria is rated as having the 29th most efficient
labour market in the world (Schwab, 2019). In general, flexible
labour markets tend to have higher employment rates and more
skilled employees, and consequently lower unemployment. But
working from home is suddenly the new normal as many
employers and employees try to keep operating under the social
distancing restrictions. Austria has, like many other countries,
effectively closed down entire sectors of its economy and
severely limited activity in many other sectors. The following
paragraphs provide an overview of the findings from the
quantitative component of the research study.

Table 1: Socio-demographic characteristics, N = 154
Variable
Cubicles E-workers
N=120
N=34
Sex
Male
68
20
Female
52
14
Age
20-29
28
3
30-44
38
12
45-59
37
19
Marital
Single (divorced,
67
22
status
separated)
Married/partnership
53
12
Parity
Children in household
99
29
Childless
21
8

4.1 Workplace Formation
The Covid-19 pandemic has changed the ways and the places
where people work. The number of people choosing to work
remotely is increasing slowly in the European Union (Eurostat,
2021b). How many employees were working from home in the
pre-Covid period? Before the lockdown, work carried out in
cubicles (77.92%) exceeded the rate of e-workers (22.08%).
During the first lockdown there were 92.21% e-workers, after
the easing of the first lockdown (cubicles – 42.86% to e-workers
– 57.14%) and in the second lockdown (cubicles – 32.47% to eworkers – 67.53%) the employed population was exclusively
working at home (see Table 2).

This work was developed to provide a better understanding of
workplace changes and employees’ commuting before Covid-19
(28.02.2020), during the first lockdown (31.03.2020), after the
easing of the lockdown (29.05.2020) and during the second
lockdown (30.11.2020) in relation to the future impact on the
face-to-display workplace in an Austrian company. In the first
stage of our survey, we identified cubicle workers and e-workers.
Secondly, we examined the commuting trend and time saved by
not commuting. As this data collection was done solely for this
international company, ethics approval was not required.
The e-mail questionnaire contained several types of questions (in
English) for respondents to answer. The following variables were
used: cubicles, e-commuting in the pre-Covid era, during the
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Table 2: Socio-demographic characteristics, N = 154
Variable Before 1st
Easing of
Covid- lockdown restrictions
19
%
%
%
Cubicle77.92
7.79
42.86
centred
workers
E22.08
92.21
57.14
workers

N of valid cases
2nd
lockdown

d)

%
32.47

Workplace
67.53

Workplace

154

McNemar test
N of valid cases
e)

Workplace
Cubicles
E-workers
Total

12
142
154
Value

McNemar test
N of valid cases
f)

Total

Easing
lockdown

ChiSquare
tests

McNemar test
N of valid cases
b)

308

February
Cubicles
E-workers
Total

120
34
154

McNemar test
N of valid cases
c)

Exact Sig. (2sided)
0.002a

Cubicles
E-workers
Total

120
34
154
Value

McNemar test

Period
During 2nd
lockdown
50
104
154

154

308

78

Exact Sig. (2sided)
0.000a

Period
During
2nd
lockdown
50
104
154

Total
62
246
308

Exact Sig. (2sided)
0.000a

66
88
154
Value

McNemar test
N of valid cases

Period
During
2nd
lockdown
50
104
154

Total
116
192
308

Exact Sig. (2sided)
0.002a

308

According to the data, there are significant differences in the
proportion of workers in the office and at home during all four
periods. Over the course of the surveyed periods, the e-working
proportion increased on average by 59.74%. Briefly, this surge
in e-working occurred during the 1st lockdown (92.21%) and 2nd
lockdown (67.53%).

186
122
308

4.2 Commuting versus e-commuting
Given its importance, commuting to/from work plays a central
role in daily mobility planning, and thus the analysis of
commuting behaviour is important for the correct design of
mobility policy. Commuting time has been extensively studied in
the past, and some level of consensus has been achieved in
different settings (Giménez-Nadal et al., 2020). In 2019, more
than half (61.3%) of employed people in the EU travelled less
than 30 minutes from home to work, i.e. commuted one-way and
without any detours. Employed people in Austria averaged 25
minutes of commuting time (Eurostat, 2020). Undoubtedly, one
of the greatest conveniences of not working in cubicles is the
absence of a daily commute (Beno, 2018b; Chatterjee et al.,
2017; Gajedran and Harrison, 2007; Nilles et al., 1976; Nilles,
1997; Raišienė et al., 2020).

W2* period cross-tabulation
February

Workplace

Total

308

Count

ChiSquare
tests

Period
Easing
lockdown
66
88
154

Value

ChiSquare
tests

ChiSquare
tests

W2* Period Cross-tabulation

Count
Workplace

Cubicles
E-workers
Total

Exact Sig. (2sided)
0.002a

230

Workplace* period cross-tabulation

Workplace
Value

68

308

Count

132
176
308

Total

Workplace* period cross-tabulation
During 1st
lockdown

ChiSquare
tests

Period
Easing
lockdown
66

308

Count

Table 3a-f: Workplace* period cross-tabulation and Chi-Square
tests.
Count

Cubicles
Eworkers
Total

During 1st
lockdown
12
142

Value

ChiSquare
tests

Our evidence, using the McNemar test, shows that there is a
significant difference in the distribution of jobs (Chi-Square tests
marked in bold), except in the pre-Covid and the easing of the
lockdown periods (see Table 3a-f).

Workplace* period cross-tabulation
Period
February
During 1st
lockdown
Cubicles
120
12
E-workers
34
142
154
Total
154

Workplace* period cross-tabulation

Count

Based on the study data, the lockdown restrictions by the
government of Austria show a high growth of e-working (shift to
working from home). This confirms the statement that greater
technological connectivity facilitates this process by enabling
work to be carried out wherever workers happen to be and
whatever the time of day (Messenger and Gschwind, 2016).
Research carried out before the lockdown shows that e-working
was more prevalent as a special privilege among male
employees, but during and after the lockdown it was a necessity
for everybody. This confirms Beno’s survey data that telework is
a male-dominated working method (Beno, 2019). Nearly four in
10 people in the EU began working from home as a result of the
Covid-19 pandemic (Eurofound, 2020).

a)

308

Total
170
138
308

Exact Sig. (2sided)
0.101a
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In accordance with the obtained survey data of all periods, all
commuters prefer cars over public transport because the public
transport network tends to be inefficient, and in the Covid-19
period the risk of infection makes employees avoid public
transport. The exodus from public transport to private cars and to
some extent bicycles is in line with existing evidence (Molloy et
al., 2020). International comparisons of the impact of Covid-19
on mobility have so far been based on data from mobility service
providers such as Google Maps, Apple Plans, Citymapper, Waze
and Moovit. However, our analysis is based on commuters’ data.
In the pre-Covid-19 period, those who covered relatively longer
distances (average one-way distances of 20 km by rail and 50 km
by car) were given the flexibility to work remotely. During other
periods, commuting decreased rapidly and e-commuting
increased.

February
1st – easing
1st February
Easing February

-0.817

0.167

-4.900

1.858

0.167

11.150

1.042

0.167

6.250

0.000
0.000
0.000

0.000
0.000
0.000

Figure 2. Pairwise comparisons

4.2.1 Cubicles
The P-value of the test is lower than the chosen level of
significance, so we reject the null hypothesis of frequency
difference in commuting in the given four periods. This confirms
that there is a significant difference in the frequency of commuting
between at least one pair of given periods (see Table 4).
Table 4: Hypothesis test summary
Null hypothesis
Test

The distributions
of February, 1st,
easing and 2nd
are the same.

Relatedsamples
Friedman’s twoway analysis of
variance by
ranks

Sig.

Decision

0.000

Reject the
null
hypothesis.

4.2.2. E-workers
The P-value of the test is lower than the chosen level of
significance, so we reject the null hypothesis of frequency
difference in commuting in the given four periods. This confirms
that there is a significant difference in the frequency of commuting
between at least one pair of given periods (see Table 7).

Asymptotic
significances
are displayed.
The
significance
level is 0.05.

Table 7: Hypothesis test summary
Null hypothesis
Test

The following graph describes the distribution of the data and
their average order (nonparametric tests are based on the order of
the value and not on the values themselves). The table shows the
test results (see Figure 1 and Table 5).

The distributions
of February, 1st,
easing and 2nd
are the same.

Figure 1. Related-samples Friedman’s two-way analysis of
variance by ranks

Table 5: Test results
Total N
Test statistic
Degrees of freedom

Sig.
0.395
0.000
0.000

Reject the
null
hypothesis.

Figure 3. Related-samples Friedman’s two-way analysis
of variance by ranks

0.000

Std. test
statistic
0.850
5.750
12.000

0.000

The following graph describes the distribution of the data and
their average order (nonparametric tests are based on the order of
the value and not on the values themselves). The table shows the
test results (see Figure 3 and Table 8).

Significantly different periods are marked in bold (see Table 6).
We see, for example, that the frequency of commutes differs
especially between February and the first and second lockdowns.
If we look at the average rankings, we see that during the second
lockdown, the frequency of commutes decreased significantly
(see Figure 2).
Table 6: Pairwise comparisons
Sample1Test
Std.
Sample2
statistic
error
2nd-1st
0.142
0.167
nd
0.958
0.167
2 - easing
2.000
0.167
2nd –

Decision

Asymptotic
significances
are displayed.
The
significance
level is 0.05.

120
214.812
3

Asymptotic Sig. (2-sided test)

Relatedsamples
Friedman’s twoway analysis of
variance by
ranks

Sig.

Table 8: Test results
Total N
Test statistic
Degrees of freedom

Adj.
Sig
1.000
0.000
0.000

Asymptotic Sig. (2-sided test)
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0.000
0.000

followed by public transport (22.5%) and active transportation
(walking or cycling) (17.5%). Many Austrian employees were
still working from home during the easing of the lockdown
(57.14%) and in the 2nd lockdown (67.53%), and this mostly
explains why fewer workers were using cars instead of public
transport. Additionally, people turn to cars because of fears of
coronavirus infection on public transport. Will the daily
commute be the same? Will the coronavirus reverse healthier
commuting? Will working from home be here to stay forever?
Guyot and Sawhill (2020) emphasise that e-commuting was
usually rare in the past, but is now a necessity. The authors
further believe that e-commuting will probably continue long
after the pandemic. Our findings confirm that hybrid working
might be the future of work. E-commuting two days a week will
be optimal for balancing collaborative and quiet work, while
benefiting from the reduced stress of less commuting. The ecommuting proportion increased on average by 59.74%.

0.000

6 Conclusion

0.000

This pandemic has had a remarkable impact on how employees
and employers operate regularly, not least in how they approach
travelling to and from places of work. Covid-19 has had an
immediate and unprecedented effect on working patterns, with
the lockdown restrictions, social distancing and increased
working from home significantly reducing commuting to/from
work.

Significantly different periods are marked in bold (see Table 9).
We see, for example, that the frequency of commutes differs
especially between the first and second lockdowns, the first
lockdown and the easing and between February and the second
lockdown. If we look at the average rankings, we see that during
the second lockdown, the frequency of commutes increased (see
Figure 4). E-workers typically commute longer than average
commutes of cubicles but this does not necessarily mean that ecommuting encourages more remote living.
Table 9: Pairwise comparisons
Sample1Test
Std.
Sample2
statistic
error
st
1 –
0.239
0.153
February
st
-1.373
0.153
1 – easing
-1.570
0.153
2nd-1st
Easing -1.134
0.153
February
nd
2 –
-1.131
0.153
February
nd
2 - easing
-0.197
0.153

Std. test
statistic
1.563
-8.963
-10.250
-7.400
-8.687
-1.287

Sig.
0.118
0.000
0.000
0.000
0.000
0.198

Adj.
Sig
0.709

1.000

Figure 4. Pairwise comparisons

According to our data, the crisis has demonstrated that
employers and employees in an Austrian company adapted
quickly to change. In this paper, we examined commuter types,
the degree to which they worked in different workplaces and
how they cope with working remotely. Furthermore, the
commuting variability of individuals (by car, by rail, by foot and
by bicycle) was studied during four periods. Our analysis used a
systematic literature review for e-commuting, a cross-tabulation
of data to examine relationships within the data, the McNemar
test for workplace examination and the Friedman test with
pairwise comparisons for commuting analysis.
The results indicate the direct implications of e-commuting and
commuting. Some of the commuting changes will be temporary,
reflecting the pandemic situation. But others will be more
permanent, and they will reflect an acceleration of workplace
transformation and changes to the way we work. It appeared that
there was a decline in the number of trips to/from work, but the
average distance travelled has increased, and it is likely that the
trip lengths for e-workers are longer than the average. These
trips are car-dependent, and the travel frequency to/from work is
increasing. The importance of e-commuting for business is
becoming more apparent. Results indicate that the frequency of
commutes by cubicles differs significantly in all periods, except
between the first and second lockdowns, and by e-workers
between February and the first lockdown and the easing and the
second lockdown. If we look at the average rankings, we see that
during the second lockdown, the frequency of cubicle commutes
significantly decreased and that of e-workers increased. Those
who worked remotely in the pre-Covid-19 period were male.
The potential for increase is substantial, on average by 59.74%.

5 Discussion
Reducing the frequency of commuting will reduce vehicle miles
travelled, lowering emissions, but also reducing population
centralisation as people move out to the suburbs (Bento et al.,
2005). Another convenience for the employee of working from
home is saving time in commuting to the office, avoiding rushhour traffic and stress. Ford and Butts (1991) claim that
eliminating the stresses of driving in rush hour traffic may
represent the most important advantage for many employees.
Wienclaw (2019) indicates that by not commuting, employees
will have more free-time to spend with their families. A recent
Upwork survey reveals that since the pandemic started US
workers have saved more than $90 billion from not commuting
(UpWork, 2020).

As lockdown restrictions ease and more areas of economy restart
or expand, new challenges will arise in relation to the increasing
number of trips. An increase in non-work related trips, cardependency, e-commuters’ consumption and occupations may
negate any benefits (Büttner and Breitkreuz, 2020; Cerqueira et
al., 2020; De Vos et al., 2019; Elldér, 2020; He and Hu, 2015;
Stiles and Smart, 2020; Zhu and Mason, 2014). In future
research, answers should be sought to the question of whether
additional trips that are undertaken as a result of e-commuting
should be included as this is a form of induced travel that is
common in transport. This additional travel takes place because
the car is now needed at the home for other uses.

According to our data, the increase in e-commuting means fewer
workers commuting to work. Prior to the pandemic, the car
(60%) was the most common mode of transportation to work,

As this paper argues, we have a unique opportunity to bring
about change in relation to commuting and e-commuting, and
this should not be squandered.
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