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The mobility sector was one of the sectors most affected by COVID‐19 and its political restrictions, with, inter
alia a huge drop in mobility behavior due to travel bans, lockdowns, and a reduced need to be mobile. The
present study examined the potential of COVID‐19 restrictions aiming at containing the spread of the virus
to be a window of opportunity for the transition toward sustainable mobility by breaking up strongly habitu-
alized daily and travel mobility behaviors through changes of behavioral contexts. We conducted an online sur-
vey in a sample representative for the German population (N= 3092) to study the consequences of the COVID‐
19 restrictions on Germans’ daily and travel mode choices and on their wishes for future mobility. Furthermore,
we examined the moderating effects of Germans’ personal norms to protect the climate on changes in their
mobility behavior toward sustainable mobility, both within and beyond the corona pandemic. In line with pre-
vious research, the present study shows an overall reduction of mobility across almost all modes of transport for
daily and travel mobility during time periods of COVID‐19 restrictions compared to pre‐COVID‐19‐times, with
different transport modes being affected differently. Our findings additionally point out the relevance of per-
sonal norms to protect the climate for the transition toward sustainable mobility behavior. Altogether, the pre-
sent study provides first empirical evidence for the corona pandemic to represent a window of opportunity for
the transition toward sustainable mobility. Furthermore, the study also points out relevant directions for fur-
ther research.
Introduction

Changes in daily, work, and travel mobility during the corona pandemic

The corona pandemic confronts the international community
with unprecedented challenges and threats. Since the beginning of
2020, governments around the globe started to take unparalleled
measures (i.e., COVID‐19 restrictions) to limit the spread of the
virus. The associated regulations have concurrently extensive conse-
quences for people’s daily lives. Social life has come to a halt, espe-
cially in countries that have enforced national (complete)
lockdowns, such as Spain and Germany. One sector hugely affected
by the consequences of the pandemic and its associated measures is
the mobility sector (Muhammad et al., 2020). National lockdowns,
the closure of borders, the cancellation of events, the shift of work
towards home office, etc., have major implications for people’s
daily, work, as well as travel mobility. Studies analyzing daily
mobility patterns via phone data show a general reduction in global
mobility compared to pre‐COVID‐19‐times (e.g., Dahlberg et al.,
2020; Kramer & Kramer, 2020; Muhammad et al., 2020; Warren
& Skillman, 2020). In Germany, the average daily distance covered
per person decreased by almost 50% in response to the first lock-
down, which took place mid‐March to the beginning of June 2020
(Allgemeiner Deutscher Fahrrad‐Club, 2020). In Sweden (Heiler
et al.,2020) and Austria (Dahlberg et al., 2020), people resided in
significantly smaller radiuses since the beginning of the national
lockdowns (a decrease of approx. 60%). The number of short dis-
tances travelled increased, while the number of long distances trav-
elled decreased. Furthermore, people spent less time in industrial
and commercial areas as well as city centers, and commuting routes
were frequented less in response to the lockdowns (Dahlberg et al.,
2020). Instead, people spent more time in residential areas and left
these less frequently. In response to COVID‐19 restrictions, mobility
for the purpose of errands in Germany decreased from February to
April 2020 by 13%, even more so did trips to retail and for leisure
purposes (−58%; Muhammad et al., 2020).
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Another reason for the overall reduced mobility lies in changes in
the working world that came with the pandemic. The increased
amount of people working from home, alongside short time work,
and home schooling, resulted in a decrease in commutation to work
in Germany of 23% by late March 2020 compared to pre‐COVID‐19‐
times, and a decrease in work‐related travel of 19%. The percentage
of people that commuted to work or training place every day
decreased from 66% to 32% (Allgemeiner Deutscher Automobil‐
Club, 2020). Two‐thirds of Germans reported an omission of journeys
due to home office, almost half reported an omission of journeys due
to video and phone conferences (Anke et al., 2020).

The public transport sector reported one of the largest decreases in
usage since the beginning of the pandemic. This was, alongside the
general decreased need to be mobile, largely due to a higher perceived
risk of infection. Heiler et al. (2020), e.g., showed a reduction in
metro‐usage in Vienna, Austria, of four‐fifth compared to before the
crisis. According to the Allgemeiner Deutscher Fahrrad‐Club (2020),
the German public transport sector has lost up to 95% of its customers
during the first national lockdown. Krämer (2020) found that, while
the respondents intended to use cars 8% more after the termination
of the COVID‐19 restrictions in Germany, they reported a 12% lower
intention to use trains. Accordingly, cars were rated much more attrac-
tive than trains (since it guarantees safe mobility in one’s comfort
zone; Krämer, 2020).

Changes toward sustainable mobility in response to COVID-19 restrictions

Alongside the reduced usage of public transport due to COVID‐19
and a relatively increased usage of cars, other COVID‐19 induced
mobility tendencies lean more toward sustainability. Across the world,
a relative increase in bike usage and in the coverage of distances by
foot was registered. According to the Allgemeiner Deutscher
Fahrrad‐Club (2020), bike usage in Germany decreased less than the
usage of other transport modes, and its usage increased relatively. As
it was/ is the case for cars, people in Finland and Sweden reported
to feel safer when using the bike or walking, due to a smaller fear of
infection (Kanda & Kivimaa, 2020). Compared to pre‐COVID‐19‐
times, people, e.g. in the US, covered smaller distances per day (e.g.,
Warren & Skillman, 2020), allowing them to take alternative modes
of transportation, i.e. the bike. In Cologne, traffic measure systems
measured an average increase of 5% of bike rides in the city since
the introduction of the COVID‐19 restrictions compared to previous
years (Köln, 2020).

The reduction in travel mobility, especially in aviation, was by far
the most drastic change in the transportation sector. The average glo-
bal commercial aviation activity mid‐April 2020 was 75% lower than
the annual average from 2019 (Abu‐Rayash & Dincer, 2020). In addi-
tion, 24% of the Germans reported lower intentions to fly – even for
post‐COVID‐19‐times. The most relevant reasons mentioned for these
decreased intentions to fly were the contact in the plane/ fear of infec-
tion, a reduced need, and the negative environmental impact of flying.

As shown above, the corona pandemic and its associated restric-
tions reshaped the mobility sector drastically. This had immediate con-
sequences for sustainability, the most obvious being a decrease in
global greenhouse gas emissions. According to Le Quéré et al.
(2020), the mobility reductions in the first two months of the pan-
demic led to a decrease in global CO2‐emissions by 17%. Emissions
caused by aviation decreased by 60%, which contributed to the global
emission reduction by 10%. Apart from these direct impacts, the
changes in the mobility sector also have indirect consequences for
the transformation toward sustainability. The pandemic and its restric-
tions affected people’s daily transport mode choices through changing
external factors of their mobility behavior. These changes can result in
a breaking‐up of peoples' generally very stable mobility habits (see,
e.g., Krämer, 2020). Habits in daily transport mode choice can be con-
ceptualized as scripts or automatized decision making that lead to
2

unreflected decisions (see, e.g., Klöckner & Matthies, 2012). The
strong habitualization of a behavior therefore suppresses a reflected
behavioral decision process. That is why behavioral effects of norma-
tive predictors like strong internalized moral obligations (i.e., personal
norms, see e.g., Harland et al., 1999) to protect the climate (e.g., by
using the bike instead of the car for daily mobility) are eliminated
under conditions of strong habitualization (Hunecke et al., 2001;
Klöckner & Matthies, 2004). Several studies have shown that these
habitualizations can be overcome or “broken up” by major temporal
changes of the situation in which individuals make (transport mode)
choices. This can lead to more reflected behavioral decisions, which
in turn can again be affected by normative predictors such as personal
norms to protect the climate (e.g., Matthies et al., 2006). The corona
pandemic and its restrictions can be seen as such a major change of sit-
uation. The corona pandemic can therefore serve as a window of oppor-
tunity (see, e.g., Verplanken & Roy, 2016) for a long‐lasting, positive
transformation toward sustainability, e.g., in the mobility sector.

The corona pandemic as a window of opportunity for the transition toward
sustainable mobility

By changing their ways of consumption or lifestyle, people can
actively participate in the great transformation toward sustainability
(e.g., Nielsen et al., 2020; Stern, 2000). Since mobility behavior
accounts for approx. 18.8% of the per capita CO2‐emissions in Ger-
many, it is of special relevance for the great transformation
(Umweltbundesamt, 2020). Since the 1990 s, the level of passenger
transportation in Germany increased constantly (e.g., from 875 billion
passenger km in 1991 to 1 169 billion passenger km in 2019; i.e., an
increase by 34%). Levels of motorized private transport (i.e., cars
and motorcycles) increased substantially (by 28.5%), accounting for
73.4% of all passenger km in 2019. Furthermore, the highest
increase‐rate in German passenger transportation was found for avia-
tion: From 1991 to 2019, aviation performance increased by 218%.

The passenger volume in public transport increased by 30% from
1991 to 2019, accounting for 15.3% of all distances covered in
2019. Combined with the distances traveled by non‐motorized individ-
ual modes of transport (i.e., walking and cycling), these more sustain-
able modes of transport accounted for 20.5% of all passenger km in
Germany in 2019 (Bundesministerium für Verkehr und digitale
Infrastruktur, 2020; Umweltbundesamt, 2021) – while motorized indi-
vidual transport modes accounted for 74%.

With regards to the promotion of sustainable mobility, studies
show that long‐term changes in daily and travel transport mode
choices are difficult to achieve, even for people with strong personal
norms to protect the climate (e.g., Chng et al., 2018). Especially daily
mobility behavior is a greatly habitualized behavior, and habits are not
easy to be broken up and changed (see, e.g., Chng et al., 2018;
Klöckner & Matthies, 2004). Alongside, the experience of involuntary
constraints (such as COVID‐19 restrictions) can result in compensating
behavior, given that limited goods often become more attractive
(Cannon et al., 2019).

While previous studies on this subject expect COVID‐19 restrictions
to promote unsustainable mobility behavior in post‐COVID‐19‐times
(e.g., anticipating an increased use of cars and a decreased use of pub-
lic transport; see e.g., de Haas et al., 2020), we believe that the corona
pandemic could also represent an opportunity for the transition
toward sustainable mobility and thus a window of opportunity for sus-
tainability. As described above, COVID‐19 restrictions represent exten-
sive changes in peoples’ behavioral contexts and the external factors
affecting their mobility behavior. This could result in a breaking up
of mobility habits, thus leading people to reconsider these habits. In
environmental psychology, there is considerable evidence on the
impact these temporal changes can have on changing habits and there-
fore initiate long‐term behavior changes toward sustainability. This is
especially the case, if the individual was already motivated to change
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beforehand, and if the temporal changes were accompanied by posi-
tive experiences (e.g., Fujii et al., 2001; Lattarulo et al., 2019). It is
therefore crucial to study how COVID‐19 related imposed (e.g., lock-
downs) and deliberate (e.g., home office‐possibilities) restrictions
affect peoples’ mobility behavior.
Research objectives and research hypotheses

The overall aim of the present study was to provide initial empirical
evidence on the potential COVID‐19 has to serve as a window of
opportunity for the transition toward sustainable mobility in Germany.
We assessed pro‐ and retrospective self‐reported (intended) mobility
behavior. Additionally, we studied potential changes in mobility
behavior by taking into consideration existing data sets to avoid self‐
report biases. Our first research question was the following:

Research Question RQ1a: Did daily and travel mobility in Germany
decrease during periods COVID‐19 restrictions (April – June 2020)
compared to pre‐COVID‐19‐times?

Following research hypotheses were tested:

Research hypothesis H1a: The frequency of daily mobility behavior
(i.e., the use of bikes, cars, public transport, walking, etc.)
decreased during periods of COVID‐19 restrictions (April – June
2020) compared to pre‐COVID‐19‐times.
Research hypothesis H1b: During periods of COVID‐19 restrictions
(April – June 2020), the use of public transport decreased most
compared to other modes of daily transport (bike, car).1

Research hypothesis H1c: The use of planes (travel mobility)
decreased during periods of COVID‐19 restrictions (April – June
2020) compared to pre‐COVID‐19‐times.

In addition to investigating effects of COVID‐19 restrictions on Ger-
mans’ daily and travel mobility behavior, we studied effects on
mobility‐related cognitions, i.e., wishes for future mobility. To ensure
validity and comparability, we compared wishes for future mobility
reported during periods of COVID‐19 restrictions (April – June
2020) to wishes assessed in 2019 in a comparable sample of Germans
(see Section “Wishes for future mobility” for details):

Research Question RQ1b: Did wishes for future mobility change dur-
ing periods of COVID‐19 restrictions (i.e., April – June 2020) com-
pared to pre‐COVID‐19‐times?

The COVID‐19 restrictions resulted in extensive changes in external
factors (behavioral contexts) affecting mobility behavior. We therefore
examined the implications of these changes on sustainable mobility
behaviors:

Research question RQ2: Did COVID‐19 related changes in external
factors affect the behavioral transition toward sustainable mobility
(i.e., (1) increased bike use during periods of COVID‐19 related
restrictions (April – June 2020) compared to the same period in
2019, (2) decreased intentions to fly in 2020 compared to 2019)?

Based on studies showing that habits can be broken up by great
temporary changes, and assuming that personal norms to protect the
climate become more relevant under the conditions of a temporarily
1 We focused on bike, car and public transport, since these are the modes of daily
transport used the most by Germans in pre‐COVID‐19‐times (as shown by previous
research, see e. g., Kunst, 2017; as well as shown by our own data with regards to the self‐
reported frequencies of use in pre‐COVID‐19‐times, see Section “Frequencies of use of
different modes of transport for daily and travel mobility” for details). Thus, for these
modes of daily transports, highest changing levels seemed expectable.

3

changed situation (see Section “The corona pandemic as a window
of opportunity for the transition toward sustainable mobility” for
details), we assume the influence of external factors on behavioral
transitions toward sustainable mobility to be moderated by personal
norms to protect the climate. The following research hypothesis was
tested:

Research hypothesis H2: The influence of COVID‐19 related changes
in external factors for mobility behavior is moderated by people’s
personal norms to protect the climate.

To provide further empirical evidence on potential moderating
effects of personal norms to protect the climate on the behavioral tran-
sition toward sustainable mobility, we examined the intended use of
daily transport modes (i.e., bikes, cars, public transport) and of trans-
port modes for travel purposes (i.e., plane) for the next 12 months
compared to pre‐COVID‐19‐times:

Research question RQ3: Are the changes in the intended use of trans-
port modes for daily and travel mobility for the next 12 months
compared to pre‐COVID‐19‐times moderated by people’s personal
norms to protect the climate?
We tested the following research hypotheses:
Research hypothesis H3a: Participants characterized by lower per-
sonal norms to protect the climate have higher intentions to use
the car as well as to fly for the next 12 months compared to the past
12 months, while lower intentions are reported for frequencies of
use for bike and public transport.
Research hypothesis H3b: Participants characterized by higher per-
sonal norms to protect the climate have lower or at least compara-
ble intentions to use the car as well as to fly for the next 12 months
compared to the past 12 months, while higher intentions are
reported for frequencies of use for bike and public transport.

Materials and methods

Data collection and studied sample

Data for the present study was collected Germany‐wide from June
29th to July 6th 2020 via online survey. Participant acquisition and
data collection was carried out by an online access panel.

3357 people completed the survey. Out of those, the online access
panel provider excluded 156 participants based on answering time and
answers to open format questions. We additionally excluded 109 par-
ticipants based on stricter criterions for answering time (exclusion of
participants that finished the survey in less than 10 min), missing val-
ues and open format answers. N = 3092 participants formed the final
sample.

This final sample was representative for the German population
with regards to age and gender (Statistisches Bundesamt, 2020a,
2020b, 2020c). Participants’ age ranged from 18 to 69 years
(M = 44.86, SD = 14.39). 50.5% of the participants were female.
The sample was nearly representative for the German population
regarding the highest education level (see Table 1 for details).

Procedure and measures

Data was collected via online survey. First, participants’ sociodemo-
graphic features were assessed to ensure representativity. Participants
then provided information about their daily and travel mobility behav-
ior in different time frames (i.e., during periods of COVID‐19 restric-
tions in Germany, in pre‐ and post‐COVID‐19‐times) and wishes for
future mobility. Afterwards, we assessed the relevance of COVID‐19
related external factors for participants’ behavioral transition toward
sustainable mobility as well as their personal norms to protect the cli-
mate. In the end, participants were thanked for their participation and



Table 1
Sociodemographic features of the final sample (N = 3092), compared to the
German population (Kunst, 2020; Statistisches Bundesamt, 2020a, 2020b,
2020c, 2021).

Sample German
population

Age M = 44.86
(SD = 14.39)

M = 44.40

Gender Female 50.5% 50.6%
Male 49.2% 49.4%

Highest education level School was not
finished

0.4% 4.0%

School was finished 31.5% 29.6%
Secondary education 30.8% 23.3%
Higher education
entrance qualification

37.2% 32.5%

Income < €900 7.2% M =
€3580€900 - €1300 8.0%

€1301 - €1500 5.4%
€1501 - €2000 9.4%
€2001 - €2600 14.4%
€2601 - €4000 27.7%
> €4000 28%

Number of inhabitants
per place of residence

< 5000 17.5% –

5000–15000 16.1 –

15000–50000 21.2 –

50000–100000 10.9% –

100,000 and more 34.3 –

Car availability – 81%*
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given the opportunity to give feedback and communicate any remain-
ing questions.

Daily and travel mobility during periods of COVID-19 restrictions and in
pre-COVID-19-times

To measure participants’ daily mobility behavior, we assessed the
frequency of use of different transport modes (i.e., bike, car, public
transport; see Table A.1 in Appendix for an overview). A five‐point fre-
quency scale (1 = “never/ nearly never” to 5 = “daily use/ nearly daily
use”) was used, introduced by the following sentence: “Please think
about the last three months [the last 12 months]. Indicate how frequently
you used the following means of transport.”).

Participants‘ travel mobility behavior was measured in a similar
way. We used one item introduced by “Please think about the last three
months [the last 12 months]. State how frequently you took a plane”. The
answer format was a five‐point frequency scale (1 = “never” to 5 = “at
least once a month”).

Wishes for future mobility
Items to assess participants’ wishes for future mobility were

adopted from a national survey conducted by Acatech (2019) in Febru-
ary/ March 2019 (representative sample of Germans; N=1 301). That
way, wishes for future mobility could be compared between pre‐
COVID‐19‐times and during periods of COVID‐19 restrictions (April
– June 2020) without relying on retrospective measures.

In line with Acatech’s survey (2019), our participants were asked
the following question: “What would you like to change about your mobil-
ity?”. Participants could choose any amount of the twelve given alter-
natives (e.g., “I would like to be more flexible when I drive or go
somewhere.“; I would like to be less on the move.“ etc., see Table A.2 in
Appendix for an overview). Multiple selections were possible.

The relevance of COVID-19 related changes in external factors for the
transition toward sustainable mobility

We measured the effects of COVID‐19 related changes in external
factors on the transition toward sustainable mobility with regard to
two types of sustainability‐relevant mobility behaviors: (1) increased
frequencies of bike use during periods of COVID‐19 restrictions (April
4

– June 2020) compared to the same period in 2019 and (2) decreased
intentions to fly in 2020 compared to 2019.

To assess whether participants used the bike more frequently dur-
ing periods of COVID‐19 restrictions (April – June 2020) compared
to the same period in 2019, they expressed their agreement with the
following statement: “To what extent do you agree with the following
statements? During the last three months I have ridden the bike more than
in the same period last year.“ on a seven‐point Likert scale (1 = “do not
agree at all” to 7 = “completely agree”). They were then presented with
eight external factors (e.g., “I felt safer on the streets.”; see Table A.3.1 in
Appendix for an overview) and asked about whether these factors
were potential reasons to ride the bike more frequently during the last
three months on a seven‐point Likert scale (1 = “do not agree at all” to
7 = “completely agree”). The factors originated in previous (psycholog-
ical) research on external factors positively affecting bike usage, like
short distance to the destination, time issues, perceived safety while
riding the bike (e.g., Fahrrad‐Monitor Deutschland, 2019), and the
perception of others riding a bike (e.g., (Bamberg, 2012)). Further-
more, we asked participants about as how easy they perceived to use
the bike instead of the car by assessing their agreement with three
items (e.g., “It is easy for me to us the bike instead of the car.”), answered
on a seven‐point Likert scale (see Table A.3.1 in Appendix for details).
These items were integrated into the survey in order to capture a proxy
of participants’ different behavioral contexts determining bike use
(e.g., higher frequencies of bike use are more probable for participants
living in a more bike‐friendly infrastructure than for participants living
in a less bike‐friendly infrastructure). We thus integrated this scale
measuring the perceived ease‐of‐bike use in order to control for poten-
tial differences in participants' starting points. With α = 0.90, this
scale showed a very good internal reliability (e.g., Gliem & Gliem,
2003).

We assessed whether participants intended to fly less in 2020 com-
pared to 2019 as an additional type of behavioral transition toward
sustainable mobility. Participants indicated their agreement with the
following statement: “To what extent do you agree with the following
statements? In comparison to 2019 I intend to fly less this year.“ on a
seven‐point Likert scale (1 = “do not agree at all” to 7 = “completely
agree”). Participants were presented with nine external factors and
asked to what extent these represented relevant reasons to refrain from
intending to take a plane: “Here you see a list of potential reasons for fly-
ing less. Please indicate to what extent these reasons are relevant for you.“.
The external factors were also chosen based on previous (psychologi-
cal) research on relevant external factors for travel behavior, e.g.,
financial and planning uncertainty (Shamshiripour et al., 2020) or risk
perception (Neuburger and Egger, 2020). We asked participants to
indicate their agreement with nine external factors (e.g., “I am afraid
of being stranded in a foreign country with no guarantee to get back to Ger-
many”; see Table A.3.2 in Appendix for an overview) on a seven‐point
Likert scale (1 = “do not agree at all” to 7 = “completely agree”). We
measured participants’ perceived ease to avoid flying by assessing their
agreement with three items (e.g., “It is easy for me to imagine avoiding
flying.”), answered on a seven‐point Likert scale (see Table A.3.2 in
Appendix for details). Those items were integrated into the survey in
order to assess a proxy representing differences in participants’ behav-
ioral contexts generally determining flight avoidance (e.g., avoiding
flights can be more difficult for participants, who usually have to
undertake long‐distance journeys for work than for participants, who
do not have to undertake such work‐related journeys). We thus inte-
grated this scale measuring the perceived ease‐of‐flight avoidance in
order to control for potential differences in participants' starting
points. With α = 0.91, this scale also showed a very good reliability
(e.g., Gliem & Gliem, 2003).

Personal norms to protect the climate
Three items were used to measure participants’ personal norm to

protect the climate (e. g., “Based on my personal values, I feel obligated
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to engage politically to protect the climate.”; see Table A.4 in Appendix for
an overview), which were introduced by To what extent do you agree
with the following statements?”. These items were answered on a
seven‐point Likert scale (1 = “do not agree at all” to 7 = “completely
agree”). With α = 0.92, this scale showed a very good reliability
(e.g., Gliem & Gliem, 2003).

Intended use of transport modes for daily and travel mobility for the next
12 months

Items to measure participants’ intended frequency of use of trans-
port modes for daily and travel mobility were formulated in parallel
to the measures assessing daily and travel mobility during periods of
COVID‐19 restrictions in Germany and in pre‐COVID‐19‐times (see
Section “Daily and travel mobility during periods of COVID‐19 restric-
tions and in pre‐COVID‐19‐times” for details). Intended daily mobility
frequency was measured for the use of bikes, cars and public transport
(see Table A.1 in Appendix for an overview). The item was introduced
with “Please think about the next 12 months. State how frequently you will
use the following means of transport.” And were answered on a five‐point
frequency scale (e. g., 1 = “never/ nearly never” to 5 = “daily use/
nearly daily use”).

In the context of travel mobility, we measured participants inten-
tion to fly with one item “Please think about the next 12 months. State
how often you intend air travel.“ This item was answered on a five‐
point frequency scale (e. g., 1 = “never” to 5 = “at least once a month”).

Statistical analyses

Statistical analyses were conducted using Statistical Package for
Social Science (SPSS; version 26). To examine RQ1a and research
hypotheses H1a, H1b and H1c, we compared the reported frequencies
of use of the different modes of transport during periods of COVID‐19
restrictions (April – June 2020) and pre‐COVID‐19‐times by conduct-
ing Wilcoxon tests for each mode of transport (see
Section “Frequencies of use of different modes of transport for daily
and travel mobility” for the results of this data analyses). We examined
RQ1b by comparing descriptive statistics referring to participants’
wishes for future mobility in the present study with data collected
by Acatech in 2019 (see Section “Wishes for future mobility” for the
results).

We then examined the effects of COVID‐19 related changes in
external factors on the transition toward sustainable mobility behavior
(RQ2), and the moderating role of personal norms to protect the cli-
mate (research hypothesis H2). To that end, we conducted multiple
regression analyses to examine effects of the external factors on (1)
increased frequencies of bike use during periods of COVID‐19 restric-
tions (April – June 2020) compared to the same time period in 2019,
and (2) on participants’ intentions to fly less in 2020 compared to
2019. We entered participants’ age, gender, education as well as their
perceived ease‐of‐bike use (or perceived ease‐of‐flight avoidance) in a
first step in order to control for these variables. In the second step, we
entered the agreement to the eight/ nine external factors as potential
reasons for a (1) more frequent bike usage, and (2) intentions to fly
less. In order to examine potential moderating effects of participants’
personal norms to protect the climate on the effects of external factors
on the transition toward sustainable mobility behavior, we assigned
our participants to two groups (high personal norms vs. low personal
norms to protect the climate) based on a median split of this variable
(see Section “Effects of COVID‐19 related changes in external factors
on the transition toward sustainable mobility behavior” for the
results).

We examined RQ3 and research hypotheses H3a and H3b by com-
paring participants’ intended use of transport modes for daily and tra-
vel mobility for the next 12 months compared to pre‐COVID‐19‐times
via Mann‐Whitney U tests. Again, we conducted these analyses
separately for participants with different levels of personal norms to
5

protect the climate (high vs. low) to examine the potential moderating
effect of participants’ personal norms (see Section “Intended daily and
travel mobility for the next 12 months depending on personal norms”
for the results).
Results

Direct effects of COVID-19 restrictions on daily and travel mobility

Frequencies of use of different modes of transport for daily and travel
mobility

As can be seen in Table 2, nearly all modes of transport for daily
mobility were used significantly less frequently during times of the
COVID‐19 restrictions compared to pre‐COVID‐19‐times. Only the fre-
quency of walking showed significant higher levels in periods of
COVID‐19 restrictions compared to pre‐COVID‐19‐times. Thus, H1a
was partially supported by our data.

With regard to the different effects of the restrictions on different
modes of transport for daily mobility, results show that the most signif-
icant decrease in frequency of use was observed for public transport.
H1b was therefore supported by our data. Since participants reported
significantly lower frequencies of flying during periods of COVID‐19
restrictions (April – June 2020) compared to pre‐COVID‐19‐times,
H1c was also supported by the data.

Wishes for future mobility
When comparing participants’ wishes for future mobility from the

present study (in June/ July 2020) with wishes captured in a compa-
rable sample of Germans in 2019, data analysis shows a mostly similar
answer pattern. Highest selection rates were found for the wishes
“spend less money” (with 37.5% in the present study and 40.0% in
the study conducted by Acatech, 2019) and “bike or walk more” (with
44.3% in the present study and 34.0% in the study conducted by
Acatech, 2019). In contrast, lowest rates were found for “fly less” (with
7.5% in the present study and 2.0% in the study conducted by Acatech,
2019; see Fig. 1 for details).

However, data also reveals several deviations between wishes for
future mobility captured in the present study and those captured by
Acatech (2019). The wish to “get around more environmentally friendly”
was selected more frequently in the present study (39.5%) than in the
study from Acatech (2019; 28.0%). Consistent with this result, and as
already mentioned above, participants in the present study selected
the wish to “bike or walk more”more frequently (with 44.3% in the pre-
sent study and 34.0% in the study from Acatech (2019)). Furthermore,
participants in the present study selected the wish their mobility to be
“more relaxed” more frequently (with 37.9% in the present study and
25.0% in the study from Acatech, 2019).

Effects of COVID-19 related changes in external factors on the transition
toward sustainable mobility behavior

When examining effects of COVID‐19 related changes in external
factors on higher frequencies of bike use during periods of COVID‐
19 restrictions (April – June 2020) compared to the same period in
2019, as well as on a decreased intentions to fly in 2020 compared
to 2019, we divided our sample into two subgroups depending on par-
ticipants’ personal norm to protect the climate. Based on the median of
this variable (Md= 4.33), we divided our sample into one group char-
acterized by lower personal norms (N = 1437) and one group charac-
terized by higher personal norm (N = 1593).

Moderating effects of personal norms referring to higher frequencies of bike
use

In the low personal norm group, the examined external factors
explained 29.8% of the variance in participants’ higher frequencies



Table 2
Comparisons of frequency of use of different transport modes for daily and travel mobility during periods of COVID-19 restrictions (April – June 2020) and pre-COVID-
19-times.

Mode of Transport Difference between the frequency of use during the past 12 months and the
frequency of use during periods of political COVID-19 restrictions (April – June
2020)

Z p

Amount of positive differences Amount of negative differences

Bike 349 250 3.791 <0.001***
Car 364 136 9.401 <0.001***
Public transportation 611 297 11.082 <0.001***
By foot 275 366 −4.819 <0.001***
Long-distance train 376 189 7.940 <0.001***
Remote bus 166 61 6.981 <0.001***
Carsharing 95 50 4.018 <0.001***
Plane 119 0 9.637 <0.001***

Fig. 1. Wishes for future mobility in 2019 and in 2020 by comparison.
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of bike use during periods of COVID‐19 restrictions (April – June
2020) compared to the same period in 2019. After the significant influ-
ences of sociodemographic features and perceived ease‐of‐bike use
were controlled for, the strongest effect was found for “destinations in
close proximity” (β = 0.33, p < .001). Furthermore, “perception of
others riding bike” (β = 0.11, p < .01) and “more time” (β = 0.07,
p < .05) significantly predicted higher frequencies of bike use during
periods of COVID‐19 restrictions (see again Table 3 for an overview).

In the high personal norm group, the examined external factors
explained 33.0% of the variance in participants’ higher frequencies
of bike use during periods of COVID‐19 restrictions (April – June
2020) compared to the same period in 2019. No significant effects
were found for sociodemographic features. After the significant effect
of ease‐of‐bike use was controlled for, the strongest effect was found
6

for “destinations in close proximity“ (β = 0.28, p < .001). Additionally,
the external factors “more time” (β = 0.14, p < .01) and perceived
safety in traffic“ (β=0.07, p< .05) turned out as significant predictors
(see again Table 3 for an overview).

Taken together, both the effect size patterns as well as the number
of significant predictors depended on whether people reported lower
or higher personal norms to protect the climate. These results thus sup-
port the hypothesized moderating effect of personal norms for the
influence of COVID‐19 related changes in external factors for the tran-
sition toward sustainable mobility behavior postulated in H2.

Moderating effects of personal norms on decreased intentions to fly
In the low personal norm group, the examined external factors

explained 15.8% of the variance of participants’ decreased intentions



Table 3
Results of multiple regression analyses of the external factors (independent variables) on higher frequencies of use of bikes during periods of COVID-19 restrictions
(April – June 2020) compared to the same period in 2019 (dependent variable) – depending on personal norms to protect the climate.

Personal norms to protect the climate N Explained variance Independent variables ß p

Low 1090 29.8% Age -0.06 <0.03*
Gender 0.04 n.s.
Education 0.06 <0.03*
Perceived ease-of-bike use 0.22 <0.001***
Perceived safety in traffic -0.05 n.s.
Fewer cars -0.03 n.s.
Perception of others riding the bike 0.11 <0.01**
More bike paths available -0.01 n.s.
More time 0.07 <0.05*
Destinations in close proximity 0.33 <0.001***

High 1317 33.0% Age -0.03 n.s.
Gender 0.02 n.s.
Education 0.05 n.s.
Perceived ease-of-bike use 0.18 <0.001***
Perceived safety in traffic 0.07 <0.02*
Fewer cars -0.04 n.s.
Perception of others riding the bike 0.04 n.s.
More bike paths available 0.06 n.s.
More time 0.14 <0.001***
Destinations in close proximity 0.28 <0.001***
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to fly in 2020 compared to 2019. Apart from significant influences of
the sociodemographic features and the perceived ease‐of‐flight avoid-
ance that were again controlled for, the strongest effect was found for
“fear of not getting home from a foreign country” (β = 0.19, p < .001).
Furthermore, we found significant effects of “costs to travel far are
too high” (β = ‐0.10, p < .01), “travel insurance and health insurance
abroad” (β = 0.08, p < .05) and of “perceived safety in Germany”
(β = 0.06, p < .05; see Table 4 for an overview).

In the high personal norm group, the examined external factors
explained only 12.6% of the variance in participants’ decreased inten-
tions to fly in 2020 compared to 2019. Apart from significant influ-
ences of the sociodemographic features and perceived ease‐of‐flight
avoidance that were again controlled for, strongest effects were found
for “difficulties to plan trips long‐term“ (β = 0.11, p < .01) and “support-
ing the German tourism sector” (β = 0.11, p < .01; see Table 4 for an
overview).

Altogether, results show that both effect size pattern and number of
significant predictors of the decreased intentions to fly in 2020 com-
pared to 2019 depended on participants’ personal norm to protect
the climate, thus also supporting H2 on the moderating effect of per-
sonal norms for the influence of COVID‐19 related changes in external
factors for the transition toward sustainable mobility behavior.
Intended daily and travel mobility for the next 12 months depending on
personal norms

Participants in the low personal norm group indicated significantly
different intended frequencies of use for the transport modes assessed
for the next 12 months compared to the frequency of use they reported
for the past 12 months (see Table 5 for an overview). Participants
reported higher intentions to use the bike in the next 12 months com-
pared to the last 12 months (Z = 16.91, p < .001), as well as higher
intentions to fly (Z = 4.536, p < .001). Their intentions to use the car
(Z = ‐5.534, p < .001) and public transport (Z = ‐2.728, p < .01) in
the next 12 months however decreased compared to their reported use
within the last 12 months. Against this background, H3a was partially
supported by the data.

In the high personal norm group, we found two significant differ-
ences: Participants reported to intend to use the bike significantly
more frequently (Z = 18.185, p < .001) and the car significantly less
frequently (Z= ‐11.604, p< .001) in the next 12 months compared to
the past 12 months. With regard to the frequencies of intended use of
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public transport and planes, no significant differences were found.
Thus, H3b was partially supported by the data.
Discussion

The present study examined the potential of COVID‐19 and its asso-
ciated political restrictions as a window of opportunity for the transi-
tion toward sustainable mobility in Germany. For a first overview, we
studied direct impacts of COVID‐19 restrictions on Germans’ daily and
travel mobility via retrospective measures (RQ1a). We explored poten-
tial effects of COVID‐19 restrictions on participants’ wishes for future
mobility by comparing data from the present study with data collected
in 2019 in a comparable sample of German citizens (RQ1b).

In addition, we further examined psychological mechanisms poten-
tially moderating these direct effects of COVID‐19 restrictions on peo-
ples’ daily and travel mobility. We investigated effects of COVID‐19
related changes in external factors on the transition of mobility behav-
ior toward sustainability, and the potential moderating effect of per-
sonal norms to protect the climate (RQ2). Finally, we also examined
the moderating role of personal norms to protect the climate on partic-
ipants’ intentions for daily and travel mobility in post‐COVID‐19‐times
(RQ3).

Evaluation of results and practical implications

Direct impacts of COVID-19 restrictions on daily and travel mobility
In line with other studies (see, e.g., Allgemeiner Deutscher Fahrrad‐

Club, 2020; Dahlberg et al., 2020; Muhammad et al., 2020), our data
paint a non‐surprising picture of an overall reduced daily mobility
reported across almost all modes of transport (except for walking,
see below for details). The significant positive differences in the fre-
quency of use of car, bike, public transport, long distance train
(Deutsche Bahn), remote bus, carsharing, and plane, represent a higher
frequency of use of these modes of transport in pre‐COVID‐19‐times
compared to the period of COVID‐19 restrictions (April – June 2020)
in Germany. This reduction in daily mobility does not come as a sur-
prise given how the national lockdown, contact reduction measures,
constraints in the cultural sector, and changes in family and working
life decreased the need for and hindered mobility during the months
of April to June 2020 in Germany.

The only significant negative difference in the reported usage
between pre‐COVID‐19‐times and periods of COVID‐19 restrictions



Table 4
Results of multiple regression analyses of the external factors (independent variables) on participants’ decreased intention to fly in 2020 compared to 2019 (dependent
variable) – depending on personal norms to protect the climate.

Personal norms to protect the climate N Explained variance Independent variables ß p

Low 1030 15.8% Age 0.04 n.s.
Gender -0.02 n.s.
Education 0.05 n.s.
Perceived ease-of-flight avoidance 0.22 <0.001***
Attractive travel destinations nearby / in Germany 0.01 n.s.
Perceived safety in Germany 0.06 <0.05*
Financial risks of travelling far 0.07 n.s.
Supporting the German tourism sector 0.03 n.s.
Difficulties to plan trips long-term 0.04 n.s.
Fear of not getting home from a foreign country 0.19 <0.001***
Costs to travel far are too high -0.10 <0.01**
Travel insurance and health insurance abroad 0.08 <0.02*

High 1236 12.6% Age 0.07 <0.03*
Gender -0.01 n.s.
Education 0.04 n.s.
Perceived ease-of-flight avoidance 0.21 <0.001***
Attractive travel destinations nearby / in Germany - 0.07 <0.04*
Perceived safety in Germany 0.03 n.s.
Financial risks of travelling far 0.10 <0.01**
Supporting the German tourism sector 0.11 <0.01**
Difficulties to plan trips long-term 0.11 <0.01**
Fear of not getting home from a foreign country 0.07 n.s.
Costs to travel far are too high -0.02 n.s.
Travel insurance and health insurance abroad -0.01 n.s.

Table 5
Comparisons of frequencies of use of transport modes for daily and travel mobility between the past 12 months and the intended frequencies of use in the next
12 months – depending on personal norms to protect the climate.

Personal norms to protect the climate N Type of Transport Difference between intended frequencies of use for the next
12 months – frequencies of use during the past 12 months

Z p

Amount of positive differences Amount of negative differences

Low 1437 Bike 431 44 16.91 <0.001***
Car 91 210 −5.534 <0.001***
Public transport 167 209 −2.728 <0.01**
Plane 289 169 4.536 <0.001***

High 1593 Bike 516 45 18.185 <0.001***
Car 79 340 −11.604 <0.001***
Public transport 280 241 1.375 <0.17
Plane 312 259 1.403 <0.16
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(April – June 2020) was found for walking. Participants walked more
frequently in the months of April to June 2020 compared to before.
This goes in line with previous research, e.g., from the Allgemeiner
Deutscher Fahrrad‐Club (2020), that shows an increase in walking dur-
ing times of COVID‐19 restrictions. This increase found in walking
does not contradict the overall reduced mobility shown above and
the depicted tendencies in transitions toward sustainable mobility. In
times of COVID‐19 restrictions, people stayed within smaller radiuses,
therefore in walking distance, and covered smaller distances (e.g.,
Warren & Skillman, 2020). Additionally, people had more time at
hand (due to, e.g., short time), and could therefore use the slower
transport mode of walking, alongside with walking for leisure pur-
poses. This is, e.g., supported by a study from Muhammad et al.
(2020), that showed an increase in presence in parks etc. in Germany
during times of COVID‐19 restrictions. One very important explana-
tion for the increased popularity of walking (and other individual
transport modes) is the fact that it provides people with a safer way
to get around because of lower infection risks. Walking could therefore
have served as an alternative for shared transport modes, e.g., public
transport.

In contrast to other surveys (e.g., Kanda & Kivimaa, 2020) and
objective mobility data (Allgemeiner Deutscher Fahrrad‐Club, 2020;
Köln, 2020) our Germany‐wide data did not show an increase in bike
usage during periods of COVID‐19 restrictions (April – June 2020) in
8

Germany. However, as found in other studies (e.g, Allgemeiner
Deutscher Fahrrad‐Club, 2020; Heiler et al., 2020; Krämer, 2020),
our results show that different transport modes were affected differ-
ently by the COVID‐19 restrictions. The usage of planes decreased
the most, followed by the usage of public transport. The two least
affected transport modes were bikes and cars, with bike usage having
decreased the least. This goes in line with other studies (Allgemeiner
Deutscher Fahrrad‐Club, 2020; Heiler et al., 2020; Krämer, 2020),
showing a relative decrease in the use of shared mobility like public
transport, and a relative increase in individual mobility, as car and
bike use as well as walking. This is partly due to a higher perceived
risk of infection in shared transport modes.
Similar wishes for future mobility despite COVID-19 restrictions

We found similar patterns of wishes for future mobility in our study
compared to a study from 2019, which had been conducted shortly
before COVID‐19 restrictions were implemented in Germany
(Acatech, 2019). However, several of the absolute frequencies of
wishes selected differed between the two surveys. These differences
can to some extend result from COVID‐19 restrictions. Participants
in the present study reported lower wishes to be less mobile, hence
they wished to be more mobile than before the pandemic. Given the
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enforced mobility reductions, this result was not surprising. Still, we
did not find empirical evidence for (over‐)compensating and unsus-
tainable mobility tendencies as assumed by other researchers (e.g.,
de Haas et al., 2020) in future mobility wishes, e.g., wishes/ intentions
for increased travel mobility by plane in post‐COVID‐19‐times. Instead,
our results rather indicate a tendency toward more sustainable mobil-
ity. This assumption is supported by the increased wish to move
around more environmentally friendly, higher intentions to walk and
to use the bike, and the increased wish to fly less in the present study
compared to 2019. Altogether, these findings suggest a first cautious
interpretation of the COVID‐19 and its associated political restrictions
as a window of opportunity for the transition toward a sustainable
mobility.
Moderating effects of personal norms on changes in daily and travel
mobility

Previous research shows that great disruptions often lead to a
change in behavioral contexts/ external factors that determine behav-
iors, and thus allow for habits to be broken up and reconsidered (e.g.,
Klöckner & Matthies, 2004). The COVID‐19 restrictions represent such
a great disruption and hence a window of opportunity for changes in
so far highly habitualized mobility behaviors. Studies on the psychol-
ogy of transport mode choice show that such changes of external fac-
tors can result in long‐term behavior changes, especially if the person
already expressed high personal norms in favor of these changes
beforehand and makes positive experiences through the changed
behaviors (Lattarulo et al., 2019; Matthies et al., 2006). Such disrup-
tions can thus decrease the behavioral‐determining effects of previous
habits and increase the behavior‐determining effect of normative fac-
tors like personal norms, such as the effect of personal norms to protect
the climate on the transition toward sustainable mobility behavior.

With regard to these considerations, we examined the moderating
role of personal norms to protect the climate on the effects of
COVID‐19 related changes in external factors on higher frequencies
of bike use during periods of COVID‐19 restrictions (April – June
2020) compared to the same period in 2019 and on decreased inten-
tions to fly in 2020 compared to 2019.
Direct effects of COVID-19 related changes in external factors on
the transition toward sustainable mobility

Our data show that the distance to the destination was the most
important predictor for higher frequencies of bike use during periods
of COVID‐19 restrictions (April – June 2020) compared to the same
period in 2019, both among participants with high as well as low per-
sonal norms to protect the climate. This aspect should be considered
with regard to structural intervention approaches aiming at improving
sustainability of the mobility sector, e.g., in urban spatial planning.
Higher bike use frequencies in daily mobility could, for example, be
achieved by building frequently used infrastructures in close proximity
to (most) relevant consumer‐groups (e.g., families with small chil-
dren). In this context, there is promising empirical evidence on poten-
tial effects of minimal structural interventions on the promotion of
sustainable daily mobility. A study in China, e.g., shows that increas-
ing the perceived safety and comfort of sustainable modes of transport
trough minimal structural interventions (e.g., by considering the pro-
vision of bi‐directional cycle ways), can be an effective strategy for
the promotion of cycling, especially with regards to families with small
children (see e. g., Chevalier & Charlemagne, 2020).

Our results also point out practical implications for potential struc-
tural changes and/ or political measures that could support the transi-
tion towards sustainable travel mobility. In the present study, expected
financial risks associated with long‐distance journeys and the fear of
being stranded in a foreign country revealed to be important reasons
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for a decreased intention to fly in 2020 compared to 2019. This implies
that the demand for air travel is currently not only low because of tra-
vel bans, etc., but also because of higher perceived individual costs and
risks (e.g., having to pay more for the governmental “Rückholaktion”).
So, in order to further promote sustainable travel mobility, govern-
ments should internalize risks of flights and oblige the travelers to take
on the associated actual costs. Alongside financial risks, environmental
impacts of flying should also be integrated into the travelers’ costs.
Moderating effects of personal norms on effects of COVID-19
related changes in external factors

In addition to the direct effects of COVID‐19 related changes in
external factors on sustainable mobility changes, we also examined
the moderating effects of personal norms to protect the climate in this
process. Our study provides empirical evidence for the moderating
effects of such personal norms in different contexts. External factors
explained more variance in higher frequencies of bike use during peri-
ods of COVID‐19 restrictions across participants with high personal
norms to protect the climate than across participants with lower per-
sonal norms. This suggests that the importance of external factors for
the behavior differs between the two groups. For example, the percep-
tion of having more time and a perception of feelings of secure were
more relevant for people with higher personal norms to protect the cli-
mate than for people with lower personal norms. Since bike riding rep-
resents a type of daily mobility that is typically determined by strong
mobility habits (see e.g., Aarts et al., 1997; Muñoz et al., 2013), these
results indicate a moderating effect of personal norms. Although
COVID‐19 related changes in external factors affected the behavior
across all participants, supported by significant effects of the examined
external factors in both groups. However, more/ stronger effects were
found for people with higher personal norms to protect the climate,
which resulted in higher amounts of explained variance. The fact that
COVID‐19 related changes in external factors explained more variance
among participants with higher personal norms suggests that these
participants were more sensitive for changes in their behavioral con-
texts. These changes potentially reduced behavioral barriers for bike
use, and allowed for their high personal norms to guide their action.
These results are in line with previous studies on the psychology of
transport mode choice that showed changes of external factors to
result in long‐term behavior changes, especially if the person already
expressed high personal norms in favor of these changes and made
positive experiences resulting from these changed behaviors
(Lattarulo et al., 2019; Matthies et al., 2006).

However, when examining the moderating effects of personal
norms on the effects of COVID‐19 related changes in external factors
on travel mobility (i.e., decreased intentions to fly in 2020 compared
to 2019), result patterns were reversed to the ones of bike use. Travel
mobility, and especially intended journeys by plane, should not be
determined by strong habitualization, since this behavior is usually
not performed every day as it is the case for daily transport mode
choice behavior, for which in turn strong habitualization can be
assumed (see e.g., Klöckner & Verplanken, 2019; Wood et al., 2002
for an overview). In line with this assumption, COVID‐19 related
changes in external factors should not affect the decreased intention
to fly as strong as the travelers’ personal norms, since it is not a highly
habitualized behavior. In contrast to effects of external factors, espe-
cially internal factors (e.g., personal norms to protect the climate,
the attitude towards flying etc.,) represent stronger predictors for envi-
ronmentally relevant behaviors, which are not determined by strong
habitualization (see e.g. Steg et al., 2019 for an overview on predictors
of environmental relevant behaviors).

This is supported by our results, showing that external factors
explained a smaller amount of variance in decreased intentions to fly
in 2020 compared to 2019 among participants with higher personal
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norms to protect the climate, and stronger effects of these external fac-
tors were found among participants with lower personal norms.

Taken together, these results further underpin our assumption that
COVID‐19 and its associated political restrictions could serve as a win-
dow of opportunity for the transition toward sustainable mobility with
regards to strongly habitualized behaviors such as daily transport
mode choices. COVID‐19 does not only affect mobility behaviors
directly through restrictions (see Section “Direct impacts of COVID‐
19 restrictions on daily and travel mobility” for details), but also indi-
rectly via reinforcing the behavioral‐determining effects of internal
factors like personal norms to protect the climate.

Moderating effects of personal norms on intended daily and travel mobility
in post-COVID-19-times

When comparing frequencies of use of transport modes for daily
and travel mobility in pre‐COVID‐19‐times with the intended use in
post‐COVID‐19‐times (i.e., in the next 12 months), our results provide
further empirical evidence for the moderating effect of personal norms
to protect the climate on the transition of mobility behavior toward
sustainability. While some long‐term behavioral change intentions
toward sustainable daily mobility were found among all participants
(e.g., the intention to use the bike more frequently and the car less fre-
quently in post‐COVID‐19‐times), other results suggest that intentions
depend on the personal norms to protect the climate in other cases.
Participants with lower personal norms, e.g., intended to use public
transport less frequently in post‐COVID‐19‐times compared to pre‐
COVID19‐times, and to fly more frequently. This difference was not
found for participants with high personal norms to protect the climate,
whose past and intended use of public transport and planes did not dif-
fer significantly. Thus, these results further support the already sug-
gested moderating effect of personal norms on behavioral changes
toward sustainable mobility in the context of COVID‐19 restrictions.

Limitations and implications for future research
Altogether, the present study represents a very first step in

researching the consequences of COVID‐19 restrictions for the transi-
tion toward a (more) sustainable mobility in Germany. There are, of
course, diverse limitations, which should be considered when inter-
preting the presented empirical findings. At the same time, these lim-
itations point out relevant directions for future research, alongside our
study’s conclusions.

Limitations for conclusions about causality

Even though we tried to use a more robust research design to ana-
lyze behavioral changes using both retro‐ and prospective data as well
as comparing our results to data from previous studies, final conclu-
sions on causality cannot be made based on cross‐sectional data. Ide-
ally, an additional survey should be conducted examining potential
long‐term effects of the pandemic and its restrictions on peoples’ daily
and travel mobility (in Germany and beyond). To this end, a second
study is planned by the authors for summer 2021 to provide longitudi-
nal data on potential changes in Germany.

Limitations referring to measures used in the present study

There are a few limitations with regards to the measures used in
this study that should be considered: (1) We did not measure actual
behavior but relied on (retro‐ and prospective) self‐reports, which
can be issue to social desirability and memory biases (see e.g.,
Nederhof, 1985; Roy et al., 2005). (2) Furthermore, for the sake of
comparability with previous data (these comparisons were interpreted
in a different publication, see Matthies et al., 2020), we had to
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measure most mobility behaviors in the present study on an ordinal‐
scale level. This may have decreased the statistical power of the anal-
yses, which we conducted for the investigation of our research ques-
tions and hypotheses. (3) It should also be considered that we did
not measure all potentially relevant contextual factors/ control vari-
ables that could have provided further information, e.g., when assess-
ing the effects of COVID‐19 related changes in external factors on the
transition toward sustainable mobility behavior, due to survey lengths.
For example, we did neither explicitly assess car and bike availability
nor work‐related requirements to use the plane. Although we captured
some cognitive variables (representing appropriate proxies for such
contextual factors affecting daily transport as well as travel mode
choices, see Section “The relevance of COVID‐19 related changes in
external factors for the transition toward sustainable mobility” for
details), future studies should assess these potentially relevant contex-
tual factors/ control variables directly. (4) Additionally, future studies
should examine effects of further cognitive variables, which could be
relevant moderators for individual behavioral changes toward or
against sustainable mobility, that could not be assessed in the present
study due to survey length. Examples for such cognitive variables
would be people’s perceived safety on roads, as well as potential health
or environmental concerns with regards to COVID‐19 and beyond.

Limitations regarding the generalizability of the results

Since our study was conducted in a sample of German citizens, and
only studied impacts of the COVID‐19 restrictions only in the specific
time frame of April to June 2020, our findings are restricted to the Ger-
man population as well as to this specific time period. Thus, the ques-
tion arises, if our findings can be generalized to other populations as
well as to other periods of COVID‐19 restrictions (e. g., in spring/ sum-
mer 2021)?

In this context, it should be considered that rate of infection, death
rates, etc. in relation to COVID‐19, strongly differed between coun-
tries. For example, in the middle of June 2020, approximately 188
500 people were infected with COVID‐19 in Germany. In contrast,
infection rates were substantially higher in many other countries, like
Spain (244 328) or Italy (237 500), while, for example, in China, infec-
tion rates were substantially lower at that time (84 422; Ratke, 2021).
Furthermore, there were also relevant differences in COVID‐19 restric-
tions between countries. As summarized by Siewert and colleagues
(2020):

“[…] the German government was able to cope with the crisis bet-
ter than most other large Western countries, including the United
States, Great Britain, France, Italy, and Spain. In addition to ramp-
ing up health resources, federal and state governments introduced
physical distancing measures, quarantine obligations for the
infected, the closure of universities, schools, and daycare facilities,
restrictions of mass gatherings […], and a wide‐ranging shutdown
of businesses that were deemed “non‐essential”. However, in com-
parison to France, Italy or Spain, restrictions were less harsh. For
instance, in Germany people were generally allowed to exercise
outside, go for a walk or shop for groceries with their partners
and families – which was not possible in the countries that issued
a comprehensive lockdown.”

Against this background, it seems rather improbable that our
results can easily be generalized to other populations as well as to
other periods of COVID‐19 restrictions. Therefore, future research
should consider this limitation by studying the potential the pandemic
has to serve as a window of opportunity for the transition toward
sustainable mobility in other populations and with regard to further
periods of COVID‐19 restrictions.
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Examining peoples’ perceptions of COVID-19 related behavioral changes
toward sustainable mobility

Although our study focused on behavioral changes toward sustain-
able mobility, we did not explicitly assessed participants’ perceptions
of the behavioral changes in the context of sustainable mobility. Par-
ticipants were asked to report their mobility behavior during times
of COVID‐19 restrictions and in pre‐COVID‐19‐times, as well as their
intended mobility behavior in post‐COVID‐19‐times. We, however,
did not examine whether participants considered their reported behav-
ior/ changes in their mobility behavior as issues of sustainability. In
this context, previous research already provided empirical evidence
that people do not necessarily consider changes in their daily mobility
patterns as issues of sustainability, although these changes represent
transitions toward sustainable mobility (see e. g., Chevalier et al.,
2019, for an example). However, with regard to the effective promo-
tion of sustainable mobility, it seems important that people do not con-
sider changes in their pre‐COVID‐19 mobility routines in relation to
COVID‐19 restrictions. It is also important that people perceive their
behavioral changes (also) in relation to the transition toward sustain-
able mobility. Otherwise, it seems rather unlikely that COVID‐19‐
initiated behavioral changes will result in stable sustainable mobility
routines in post‐COVID‐19 times. It thus seems indispensable that
future research examines people’s perceptions of COVID‐19‐related
behavioral changes in the context of the transition toward
sustainability.

Altogether, it is obvious that more empirical studies are needed to
provide solutions for the aforementioned limitations in order to fur-
ther examine the potential of the pandemic and its associated political
restrictions on the transition toward sustainable mobility.
Conclusion

Despite great negative societal consequences (see, e.g., de Vos,
2020), COVID‐19 and its associated political restrictions yielded at
least partly in (behavioral) changes toward sustainability and opened
windows of opportunity for long‐term behavioral changes. One of the
sectors most affected by the pandemic and its restrictions was and still
is the one of mobility. The mobility sector is, since accounting for
18.8% of the per capita CO2‐emissions in Germany, crucial for the
transition toward sustainability.

The present study allows for first empirical conclusions about the
impacts of COVID‐19 restrictions on German’s mobility behavior. We
could show an overall reduction of mobility across almost all modes
of transport for daily and travel mobility during periods of COVID‐
Table A1
Items assessing frequencies of use of different modes of transport for daily and trave

Variable Number
of items

Items

Daily mobility 8 Please think about the last three months [the
last 12 months]. Please state how frequently
you used following means of transport:
Please think about the next 12 months. State
how frequently you will use the following
means of transport.

• a bik
• a car
• a car
• a bu
• ways
• the t
• the b

Travel mobility Please think about the last three months [the last 12 mo
used a plane

Please think about the next 12 months. State how often

11
19 restrictions compared to pre‐COVID19‐times, with different trans-
port modes being affected differently. With regards to potential effects
of COVID‐19 restrictions on future mobility behavior, our study
showed only few signs of compensating tendencies.

Furthermore, our findings point out the relevance of personal
norms to protect the climate for the transition toward a sustainable
mobility, both within and beyond the pandemic. In line with prior psy-
chological studies on the impact of temporal disruptions on long‐term
behavioral changes, our study implies to treat the pandemic as a
potential window of opportunity for the transition towards sustainable
mobility.
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Appendix A
l mobility during several time periods.

Answer options

e

sharing vehicle
s, tram, or train in your region
exclusively by foot

rain for single distances above 100 km
us for single distances above 100 km

Daily use / nearly daily use; 1–3 days per
week; 1–3 days per month; less then
monthly; never/ nearly never

nths]. Please state how frequently you At least once a month; at least once every
2–6 month; at least every 6–12 month; less
often; never

you intend to take a plane. At least once a month; at least once every
2–6 month; at least every 6–12 month; less
often; never



Table A2
Items assessing participants’ wishes for future mobility based on the survey conducted by Acatech (2019).

Variable Number
of items

Items Answer options

Wishes for future mobility 11 What would you like to change
about your mobility?

I would like to spend less money on my mobility.
I would like to cover more distances walking or by bike.
I would like to be on the move more environmentally friendly.
I would like to be more flexible when I drive or go somewhere.
I would like to use the car less often.
I would like to be less on the move.
I would like to use the time while I’m on the move in a more efficient way.
I would like to spend less time in public transport.
I would like to be less dependent on public transportation.
I would like to fly less often.
None of these reasons / I wouldn’t change anything.

Table A3.1
Items used to examine the effects of external factors possibly related to political COVID-19 restrictions on higher frequencies of bike use during times of COVID-19
restrictions (i.e., April – June 2020) compared to the same time period in 2019.

Variable Number
of items

Items Answer options

Higher frequencies of bike use during times
of COVID-19 restrictions (i.e., April –
June 2020) compared to the same time
period in 2019

1 To what extend do you agree with the following statements? During the last three
months I have ridden the bike more than in the same period last year.

Do not agree at all (1) to
completely agree (7), I don´t
know

Possible reasons for higher frequencies of
bike use

8 Here you find a list of possible reasons that could play a potential role to use the
bike more often. Please state how the following reasons are relevant for you.
• I felt safer on the streets.
• There were fewer cars on the road.
• Others used the bike more often as well.
• I could use more bike paths.
• The air quality was better.
• I would like to be on the move more environmentally friendly.
• I had more time at hand.
• I drove more often to destinations in closer proximity.

Do not agree at all (1) to
completely agree (7), I don´t
know

Perceived ease-of-bike use 3 • It is easy for me to us the bike instead of the car.
• I made good experiences by taking the bike instead of the car.
• I am confident that I can get many things done by using the bike instead of the
car.

Do not agree at all (1) to
completely agree (7), I don´t
know

Table A3.2
Items used to examine the effects of external factors possibly related to political COVID-19 restrictions on decreased intentions to fly in 2020 compared to 2019.

Variable Number
of items

Items Answer options

Decreased intentions to fly in
2020 compared to 2019

1 To what extend do you agree with the following statements? In comparison to 2019 I
intend to fly less this year.

Do not agree at all (1) to completely
agree (7), I don´t know

Potential reasons for a decreased
intention to fly

9 Here you find a list of reasons that could play a potential role for flying less. Please state
how the following reasons are relevant for you.
• There are attractive travel destinations nearby / in Germany as well.
• Long-distance travels seem financially too risky.
• I would like to travel more environmentally friendly.
• I want to support the German tourism sector.
• Long-term planning of trips seems difficult to me.
• I am afraid of being stranded in a foreign country with no guarantee to get back to
Germany.

• The prices for long-distance travel are too high.
• I´m not sure whether I can take out a travel insurance / my travel health insurance
would cover expenses abroad.

Do not agree at all (1) to completely
agree (7), I don´t know

Perceived ease-of-flight avoidance 3 • I can definitely imagine to avoid flying.
• I am certain that I can travel without flying.
• It is easy for me to give up flying.

Do not agree at all (1) to completely
agree (7), I don´t know

K. Schmidt et al. Transportation Research Interdisciplinary Perspectives 10 (2021) 100374
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Table A4
Items used to assess participants’ personal norms to protect the climate.

Variable Number
of items

Items Answer options

Personal norms to protect
the climate

3 To which extend do you agree with the following statements?
• Based on my personal values, I feel obligated to engage politically for the climate
protection

• On the basis of my personal values, I feel obligated to contribute to the protection of
the climate through my daily behavior.

• No matter what others expect from me, I feel obligated to contribute to climate protec-
tion by changing my lifestyle.

Do not agree at all (1) to completely agree
(7), I don´t know

K. Schmidt et al. Transportation Research Interdisciplinary Perspectives 10 (2021) 100374
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