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Abstract

been considered in research so far.

Germany was chosen as a model region.

their mobility behavior.

Background: As a reaction to the novel coronavirus disease (COVID-19), countries around the globe have implemented
various measures to reduce the spread of the virus. The transportation sector is particularly affected by the pandemic
situation. The current study aims to contribute to the empirical knowledge regarding the effects of the coronavirus situation
on the mobility of people by (1) broadening the perspective to the mobility rural area’s residents and (2) providing
subjective data concerning the perceived changes of affected persons” mobility practices, as these two aspects have scarcely

Methods: To address these research gaps, a mixed-methods study was conducted that integrates a qualitative telephone
interview study (N=15) and a quantitative household survey (N =301). The rural district of Altmarkkreis Salzwedel in Northern

Results: The results provide in-depth insights into the changing mobility practices of residents of a rural area during the
legal restrictions to stem the spread of the virus. A high share of respondents (62.6%) experienced no changes in their
mobility behavior due to the COVID-19 pandemic situation. However, nearly one third of trips were also cancelled overall. A
modal shift was observed towards the reduction of trips by car and bus, and an increase of trips by bike. The share of trips
by foot was unchanged. The majority of respondents did not predict strong long-term effects of the corona pandemic on

Keywords: Travel behavior, COVID-19, Mixed methods, Rural areas, Case study

1 Introduction

As a reaction to the novel SARS-COV-2 virus that was
first reported in December 2019, countries around the
globe have implemented various measures to reduce the
spread of the virus. Especially social distancing measures
and stay-at-home mandates were chosen by govern-
ments worldwide to interrupt the transmission of the
virus by separating infected and uninfected persons [48,
62]. Social distancing, banning of unnecessary travel, the
closure of borders, home office measures and the general
reduction of reasons for travelling have had immediate

* Correspondence: alexandra.koenig@dlr.de

'Institute of Transportation Systems, German Aerospace Center (DLR e.V),
Lilienthalplatz 7, 38108 Braunschweig, Germany

Full list of author information is available at the end of the article

@ Springer Open

impacts on people’s social interactions and mobility be-
havior [1]. A lot of these measures affected the mobility
of people and goods [4, 6]. Human mobility is found to
play an important role in the epidemic growth rate of
the virus [39]. The transportation sector is particularly
affected by the current coronavirus disease situation [29,
61]. Furthermore, public transport use assumed to play a
decisive role for the transmission of the virus [55]. Add-
ing on this, data monitoring on human mobility and mi-
gration can be used to understand and predict the
spread of COVID-19 [55].
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1.1 Early empirical findings on changes in mobility
behavior due to the measures to control the coronavirus
situation

The ongoing global fight against the spread of the cor-
onavirus invited research to collect and analyze data on
the effects of the measures on transport systems [47].
Technology companies like Google and Apple that col-
lect and analyze data of movement trends by regions in
mobility reports found a worldwide drop in journeys [5,
33]. First empirical insights from traffic statistics and
analyses of smartphone positions pointed to an enor-
mous reduction of personal mobility [36, 38, 51, 52]. A
study from France revealed that the decrease in mobility
was uneven across the time of the day, with movements
during rush hours being the most disrupted due to
school closure and remote working [52]. The reduction
of personal mobility was shown to be caused maily by
the reduction of everyday commute [36]. Furthermore,
studies reveal a reduction in the number of grocery
shopping trips [20, 23].

However, the effect of the pandemic on transport dif-
fered by mode. A reduction of personal mobility was
particularly shown for public transport trips [2, 4, 13, 20,
36, 38]. In Germany, a survey among more than 2000 in-
dividuals revealed that one fourth of the respondents
stopped using public transport, while another 17% stated
to have reduced trips in public transport [2]. Contrarily,
the share of private car trips increased [2, 23]. A consid-
erable share of respondents in a German study expressed
their intention to buy a car as a reaction to the COVID-
19 situation [23]. This trend towards an increase of the
relative share of private car trips within the remaining
mobility was shown in further studies from Hungary
[13], Spain [4] and China [34]. At the same time, studies
reveal an increase in the number of trips by bike [36, 45]
and an increase of cycling in the modal share [4, 34].

The existing early research work emphasizes the need
for studies that address the long-term effects of mea-
sures against the spread of the virus for the transport
sector and personal mobility [36]. However, the lack of
empirical data and insights concerning the perception
and assessments of persons make it difficult to predict
the effects of the pandemic situation on mobility behav-
ior in the next years. Empirical studies are needed to de-
scribe the disruptive potential of the crisis on peoples
ongoing mobility behavior and behavioral adaptations
and to identify ways in which transport policy can facili-
tate adaptations that are desirable to society [41]. There
are various approaches to describe and explain mobility
behavior and transport mode choice. The paper adapts
points of view on mobility behavior based on attitude-
based theories, like the Theory of Planned Behavior [3],
that take norms, beliefs and attitudes into account for
describing mobility behavior. Attitude-based theories of
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mobility behavior assume individual’s affective reactions
to using a system as a predictor of the intention to use it
and the actual behavior [58]. With regard to potential
changes in mobility behavior as a reaction to the crisis,
attitude-based theories propose that besides attitudes,
normative beliefs and perceived behavioral control affect
the mobility behavior.

Psychological and individual factors, like age and education
level, have been shown to be associated with the engagement
in protective behaviors during a pandemic [12]. For the
current pandemic situation, e.g. a recent study has revealed
differences in perceived vulnerability and perceived risk as
well as in preventive behaviors, according to age, gender and
other demographic characteristics. Women expressed a sig-
nificantly higher perceived risk and fear of the new corona-
virus and showed higher commitment to preventive
behaviors, compared to men [64]. Furthermore, first studies
suggest an important role of demographic disparities with re-
gard to reactions to the COVID-19 situation [57], as
observed, for example, in a higher likelihood of persons with
higher socioeconomic status to evade the city [17]. Giving re-
gard to the fact that highly populated areas like megacities
reported a faster spread and are harder impacted (i.e. [63]),
rural areas have been focused less in the public debate and in
research [21].

1.2 Research needs and aims of the study

The literature review yielded several early study results
regarding the effects of the measures to prevent the
spread of the coronavirus as concerns traffic data. How-
ever, empirical findings related to the psychological
backgrounds of the changes are rather thin on the
ground because studies in behavioral science typically
need long lead times. Yet, research is challenged to study
how people adapted their mobility practices in terms of
mode choice and the avoidance of trips as well as to esti-
mate potential long-term effects of the virus era on
transport mode choice, routines and working practices
like giving priority to working from home. Furthermore,
the study of psychological determinants and underlying
mechanisms is relevant for predicting future behavior
adaptation to change and for deriving measures to guide
mobility behavior. A research gap opens up concerning
the issues of equity, disparity and social justice, espe-
cially regarding the question which population groups
are particularly affected by the indirect impacts of the
crisis due to reduced personal mobility and isolation [17,
24, 57].

While traffic statistics and surveys in major cities point
to an enormous reduction of personal mobility, espe-
cially for public transport modes [23, 36, 38], it is still
unclear how transport demand changed in rural areas.
Most of the existing studies are based on data from large
metropolitan areas and global cities, such as New York
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[55]. However, the socio-structural and spatial character-
istics of rural areas differ significantly from urban areas
in terms of outward-bound commuter, average age, em-
ployment sector, number of cars, household size and dis-
tance to supply facilities and public utilities, among
others. However, for a better understanding of travel de-
mand and behavior during the pandemic situation and
for deriving implications of the COVID-19 travel disrup-
tions for longer-term changes in trip-making behavior it
is essential to also gain knowledge about the reactions
and thoughts of residents of rural areas. As empirical
data is missing, it is unclear whether residents of dis-
perse areas indeed perceive their surrounding as “safe
shelters” ([21], p. 119) due to the living conditions that
allow for social distancing better than urban areas.
Therefore, the current study aims at:

1. Providing subjective data concerning the changes of
mobility practices and expected long-term effects of
the coronavirus pandemic as perceived by affected
persons, and

2. Extending the existing findings of urban settings by
focusing on a rural area.

2 Methods

To address the identified research gaps, a mixed-
methods study was conducted that combined a qualita-
tive interview study and a quantitative household survey.
The integration of the two study types promises the
benefit of connecting and embedding the data and con-
sequently gaining additional insights [19]. The mixed-
methods approach is seen as especially valuable in new
research fields such, making it a suitable approach to the
study of mobility changes due to the COVID-19 pan-
demic situation. Mixed methods can be defined as “re-
search in which the investigator collects and analyses
data, integrates the findings, and draws inferences using
both qualitative and quantitative approaches or methods
in a single study or a program of inquiry” ([56], p. 4). A
key concept in this definition is the integration of data
from different sources [56]. For this study, a qualitative
interview study was conducted to gain insights into the
mindset of persons related to their perception of the on-
going COVID-19 pandemic situation and its effect on
their mobility behavior. The results informed the devel-
opment of the questionnaire for the quantitative study.
The rural district of Altmarkkreis Salzwedel in Northern
Germany was chosen as a model case.

2.1 Examined study area

The district of Altmarkkreis Salzwedel is located in the
very North of the German federal state of Saxony-
Anhalt. As of 2019, almost 85,000 people lived in the
district, that covers an area of 2293km?® With 38
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inhabitants/km?, it is one of the districts with the lowest
population density in Germany [27]. By June 2020, the
district had a rather high share of unemployed persons
with 7.1%, compared to Germany as a whole (6.2% [25];
). With 7.0% the unemployment rate was nearly the
same in June 2019 [25]. The purchasing power of Alt-
markkreis Salzwedel residents was 44.064 € per house-
hold in 2018 and thus slightly higher than the mean for
the state of Saxony-Anhalt (40.880 €, [8]).

2.2 Concernment with the COVID-19 pandemic situation
and containment measures taken in the study area

There were 34 proven COVID-19 infections until the
end of July in the examined area [53]. With a share of
40.6 infected persons per 100.000 inhabitants, the dis-
trict was one of the regions with a low infection rate
[53]. In Germany, legal restrictions due to the corona
pandemic, were mainly decided at federal state level
The German federal state of Saxony-Anhalt decided to
shut down all community facilities, like schools and kin-
dergartens and forbid all events with 50 or more partici-
pants as of March 16, 2020. At this point, Altmarkkreis
Salzwedel had three proven COVID-19 cases. On March
22, the German government and German federal states
agreed on further restrictions, especially for social con-
tacts. Contacts with other people than members of one’s
own household were to be minimized, and a minimum
distance of 1.5m was to be kept in public space [32].
Subsequently, on March 24, the state of Saxony-Anhalt
announced that meetings with more than two persons
were prohibited [26].

The analysis of secondary data of the local public trans-
port provider corroborates that residents’ transport de-
mand decreased in the time period considered (May
2020). In comparison to the corresponding month of the
previous year, bookings of the local demand-responsive
bus system decreased to 79.4% in March, and 62.7% in
May 2020 compared to 2019 (cf. Fig. 1). No statistics were
available for other means of transport in the study area.

2.3 Interview study

A telephone interview study with 15 residents was con-
ducted by the authors themselves to gain in-depth in-
sights into the changing mobility practices during the
legal restrictions to stem the spread of the virus. The in-
terviewees were contacted via publicly accessible phone
books and randomly selected. For reaching the number
of 15 interviews 45 numbers were called. The interview
contained open questions related to the interviewees’
travel behavior and the changes due to the COVID-19
pandemic situation. It was structured by an interview
guideline and took about 15 to 20 min. Of the inter-
viewees, 8 were male and 7 female. The respondents’ age
ranged from 11 to 85years (M =56.8years, SD=16.5



Konig and DreBler European Transport Research Review (2021) 13:15 Page 4 of 13
p

8000
:
‘5 7000 /
c
o P
% v v
o 6000 7*‘;—4
3
] 5000
E ¢
g o
« & 4000
°s ——2019
w5
S 3000 2020
o
2
> 2000
K=
€
) 1000
=

0 T T T T 1
1 2 3 4 5
Month
Fig. 1 Comparison of bookings of demand-responsive transport in the first months of the years 2019 and 2020

years). Two of them stated to be mobility-impaired.
The interviews were conducted in April 2020 when
legal restrictions to contain the spread of the virus
were at their peak.

2.4 Household survey

The findings of the qualitative study were enriched by a
household survey study that was conducted in April and
May 2020. The survey comprised questions regarding
the shift of modal split, comparing the pre-pandemic
status and the time of the corona pandemic, as well as
the share of waived trips and the expected long-term
changes of mobility practices. The questionnaire was
distributed in 2.000 randomly selected households in the
examined study area by direct mail. Furthermore, an on-
line version of the questionnaire was used to reach more
people. The online survey was disseminated via social
media platforms. In total, 182 filled-out paper question-
naires were sent back (9.1% response rate) and 170 ques-
tionnaires were completed in the online survey. Out of
the 170 online questionnaires, 52 were excluded because
of more than 30% missing data, resulting 117 datasets
for the analysis. However, the share of missing data, es-
pecially for sociodemographic data was rather high, as
shown in Table 1. Data sets were included in cased
where only individual questions lacked answers and
there was no pattern in non-response shown. The mean
age of respondents was 50.5 years (SD =18.8 years) and
thus slightly above the mean age of 47.4 years in the dis-
trict of Altmarkkreis Salzwedel [10]. The number of un-
employed respondents was lower (3.0%) than the
unemployment rate in the district (7.1%, [31]). The share
of respondents with a small household net income (<
25.000€/year or < 2.000€/year) was 31.9% and thus lower

than for the district of Altmarkkreis Salzwedel (56%,
[11]). Further sociodemographic characteristics of the
study sample are summarized in Table 1.

2.5 Data processing and analysis

The case study was analyzed with a mixed-methods ap-
proach combining qualitative content analysis of the inter-
views and statistical analysis of the survey results in a joint
display [37]. The interviews were recorded and transcribed
to be subsequently analyzed with the help of the software
MAXQDA [59]. The survey data was analyzed using the
statistical software SPSS [35]. The qualitative interviews
were analyzed based on content analysis using an induct-
ive approach [44]. The findings of both studies were ana-
lyzed in a mixed-methods approach using the four stages
of the Pillar Integration Process: 1) listing, 2) matching, 3)
checking and 4) pillar building [37].

3 Results

3.1 Qualitative findings

The analysis of the content of the interviews revealed
two main clusters regarding the effects of the COVID-19
pandemic situation on the interviewees’ mobility behav-
ior: 1) effects on distances travelled and number of trips,
and 2) effects on transport mode choice.

Regarding the distances travelled and trips, two direc-
tions of changes were revealed in the analysis — a reduc-
tion of distances and number of trips (z=16'), and
unchanged distances and number of trips (n=6). The
majority of interviewees stated to have reduced their
regular trips as a reaction to the COVID-19 pandemic

'The number of codes does not represent the number of participants
since more than one expression of a person can be counted.
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Table 1 Sociodemographic characteristics of the study sample
(N=301)

Sociodemographic variable  Characteristics n %
Gender Male 85 282
Female 156 518
Missing 60 200
Age < 30years 35 11.6
30-44 years 51 169
45-59 years 67 222
> =60 years 80 266
Missing 68 226
Employment status Full-time 88 292
Part-time 41 136
Unemployed 9 30
Retired 57 189
In education/training 29 96
Temporarily out of work 3 10
Home-maker 4 13
Missing 70 233
Net household income < 1.000 € 29 9.6
1.000-2.000 € 67 223
2.000-3.000 € 60 19.9
3.000-4.000 € 36 120
4,000-5.000 € 16 53
> 5.000 € 6 20
Missing 84 288
Driver's license Yes 267 887
No 26 8.6
Missing 8 26
Mobility impairments Yes 23 7.7
No 202 671
Missing 60 200

situation, as illustrated by the quote: ,Well, I'm hardly
mobile anymore because of the curfew. I have to stick to
it. So for the moment I don’t need mobility.” (Interviewee
1, female, 58 years). Ceased trips were mainly daily com-
muting trips and trips with not strictly necessary pur-
poses, such as leisure trips: ,, [ am less mobile because I
do not make trips for fun. Otherwise I always go some-
where for my hobby - photography. I have now made a
reduction of 25 percent of my trips, I'd say.” (Interviewee
10, male, 58 years). However, there are also other inter-
view partners that stated not to have changed their mo-
bility practices since the outbreak of the crisis: “Since I
work in the village, everything has actually remained the
same.” (Interviewee 6, female, 41 years). Others even
expressed their resistance to change their mobility
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behavior and showed lower commitment to preventive
behavior: “Nothing has changed for me. Because the bot-
tom line is, from my point of view, there’s nothing you
can do about a virus. What are you going to do about a
virus? You can only drive yourself crazy, but when it’s
your turn, it’s your turn.” (Interviewee 2, male, 65 years).

Regarding transport mode choice, the analysis revealed
two tendencies in responses — a change (n=5) and no
change of behavior (n=7). In more detail, a change in
the transport modes was mostly reported for trips by
car. Interview partners stated to have reduced trips by
car due to the fact that daily commuting trips by car
were no longer necessary: “So my car’s basically parked
in the yard for two weeks.” (Interviewee 14, male, 40
years). Furthermore, the same interview partner
expressed the reduction of trips by train and plane as an
effect of canceled business trips. Although four interview
partners stated to have used the bus regularly before the
pandemic situation, the interviews revealed no changes
in public bus usage since it remained equally seldom as
before: “It [bus trips] was also rare before. “(Interviewee
3, female, 40 years). None of the interviewees expressed
strong rejection to use the public bus or fear related to
the risk of getting infected while using public transport.
The possibility of using the bus without the need to pay
for a ticket due to the closing of the driver’s cab was not
seen as an incentive to use the bus more often: ,But I
must say that even though it [rides by bus] is free now, I
still don’t go more than absolutely necessary. You would
think that I go to Salzwedel every day just because I don’t
have to pay. But no, I do not do that either. “(Interviewee
7, female, 60 years).

Besides the changes of mobility behavior as a reaction
to the COVID-19 pandemic situation, the interviews re-
vealed some interesting insights into the mindset of the
interviewees, concerning some perceived positive side ef-
fects of the situation. A father of a family stated to no-
tice the positive aspects of his working from home — “So
for me, who usually drives an hour to work, it’s a dis-
tance. Now Ive gained two hours, if you like. So, in
principle, I spend more time with the kids. So a bit of
luck in misfortune” (Interviewee 11, male, 38 years). An-
other interview partner referred to the solidarity of her
fellow citizens “At the moment, in these Corona times,
we have neighbourhood meetings here. And they’re on the
phone a couple times a week expecting any requests. And
I take advantage of that. Yesterday, for example, they did
some shopping for me. And, yes, I'm using that anyway. 1
don’t know if other people use it much, but I use it.
“(Interviewee 4, female, 85 years).

3.2 Quantitative findings
The aim of the household survey was to quantify the
changes in mobility behavior as a reaction to the
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CODID-19 pandemic situation. The following section is
divided into two subsections 1) changes in mobility be-
havior and 2) modal shift. The results are reported de-
scriptively and with the help of statistical analyses (e.g.
variance analysis and regression analysis for describing
interdependencies).

3.2.1 Changes in mobility behavior

The changes in respondents’ mobility behavior were
measured by self-assessments on items regarding the
potential change of mobility behavior “Have you
changed your mobility behavior (e.g. choice of means
of transport and distances travelled) due to the
current situation caused by the coronavirus? [yes / nol
If yes, please give reasons for your answer” and the
share of reduced trips “How many of your usual trips
are you currently foregoing due to the political guide-
lines for behavior in the corona crisis? Please estimate
how many trips you are currently foregoing in per-
cent”. The analysis revealed that 30.2% of respondents
reported a change in mobility behavior as a reaction
to the COVID-19 pandemic situation, whereas 50.5%
did not perceive a change (19.3% missing because of
skipped question). Thus, out of all valid responses,
slightly more than one third of the respondents (n =
91, 37.4%) stated to have changed their mobility and
nearly two thirds did not (n=152, 62.6%). When
asked for the share of trips they reduced as a reaction
to the crisis, the range of responses was very wide
from 0 to 100%. In more detail, 34 respondents
(16.0%) stated not to have reduced their trips at all.
The mean share of omitted trips was considerable
with 33.49% (SD =27.5%). The share of persons that
stated to have changed their mobility behavior was
higher for retired persons (46.9%) than for employed
persons (33.3%) whereas the mean share of reduced
trips was nearly the same for both groups (retired:
34.6%, SD =27.8%, employed: 32.26%, SD = 27.64%).

Further analyses revealed a connection between the
possession of a driving licence and the perceived mobil-
ity changes due to the COVID-19 pandemic situation in
a way that persons without a driving licence reported
more often to have changed their mobility. This relation-
ship was marginally significant in a Chi’-test (x*(2) =
4915, p =.086, n =243). Female gender was linked to a
significantly higher share of reduced trips (M =37.6%,
SD =27.9%) as a consequence of the pandemic situation
than male gender (M = 26.7%, SD = 25.8%, £(202) = 2.799,
p =.006). The effect size of r=.193 was small.

The respondents were asked to give further explana-
tions for their experienced changes. The majority of the
explanations referred to the introduction of remote work
(n =18) and the cancelation of classes (n =5). Some ex-
planations also referred to the reduction of trips for
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pleasure and leisure activities that caused a reduction of
mobility (n=13). Further explanations concerned the
ban of inter-state travel during the previous months
(n=7).

3.2.2 Modal shift

Modal split in terms of frequency of transport mode
use was measured using a Likert scale (I = (nearly)
daily, 2=3-6 times/week, 3=1-2 times/week, 4=1-3
times/month, 5 =never). Reported frequency of use
before vs. during the coronavirus pandemic situation
was compared for each mode, using Wilcoxon signed-
rank test, due to the non-parametric data structure.
The analysis revealed several significant changes for
the use of different transport modes (cf. Table 2). A
significant reduction of trips was shown for all trans-
port means (see below) except trips by foot (z=-
1.042, p=.297), by motorcycle (z=-1.732, p=.083)
and by demand-responsive transport (z=-1.656, p =
.098). These modes were apparently not significantly
affected by the pandemic situation. During the pan-
demic situation, the private car was used significantly
less than before the pandemic situation (z =-2.697,
p =.007)). However, the effect was small (r=.162). A
strong reduction was also shown for the public trans-
port means of bus (z=-4.205, p<.001, r=.253) and
train (z=-3.620, p<.001, r=.217). For rides by bike,
a significant, but small increase was revealed (z=-
3.010, p =.003, r=.181). For bus transport and motor-
cycle the share of respondents who nearly never used
them during pre-corona time was very high (n =181
for bus, n =209 for motorcycle). Thus, when looking
only at the sub-sample of persons who had used the
public bus service before on a regular basis, the stat-
istical analysis revealed a significant difference
between the two point in time (z=-5.035, p<.001,
r=.610), in a way that bus transport was chosen less
often than before the crisis. No difference was shown
for the sub-sample of motorcycle users (z=-1.134,
p=.257).

The analysis of modal shift revealed that the reduction
of trips by car was significantly related to a higher net
household income (r=-.164, p=.018). No significant
correlation was shown for age and a change of number
of trips by car or any other means of transport However,
employed persons report a higher reduction in car usage
than retired persons (U =2649.5, p=.007), however,
their frequency of car usage was higher before (Mdn =
1.00) than the one of retired persons (Mdn =3.00). No
differences in modal shift were shown for the compari-
son of female and male gender.

Figure 2 shows the change inf daily usage of differ-
ent means of transport as a consequence of the
COVID-19 pandemic situation. As shown here,
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Table 2 Comparison of modal split before and during the corona pandemic situation (N = 275)

Means of transport Point in time Median Modal shift z p r

Car before 1.00 -0.120 —2.697 007* 162
during 2.00

Bike before 3.00 0.147 -3.010 003* 181
during 3.00

Bus before 5.00 -0.195 —4.205 <.001** 253
during 5.00

Train before 5.00 -0.122 -3.620 <.001** 217
during 5.00

By foot before 2.00 —0.064 -1.042 297 063
during 2.00

Motorcycle before 5.00 0.026 —1.732 083 104
during 5.00

DRT before 5.00 —-0.046 —1.656 098 099
during 5.00

*=p <.05, **=p < .01, DRT demand-responsive transport, 1 = (nearly) daily to 5 = never

especially the share of respondents that use the pri-
vate car daily was reduced from 56.8% to 43.9%,
resulting in a reduction to 77. % of the value before
the crisis. This change was even more substantial for
public bus usage. The share of respondents that
stated to have used the bus before on a daily basis
was reduced to 23.3% of the value before the spread
of the virus, while the initial share was already low. A
reduction was also reported in trips by foot (from
38.2% to 35.9%). The reported frequency of trips by
bike and motorbike remained rather constant, with a
small tendency of increase (from 18.6% to 19.3%, and
1.3% to 1.7%, respectively).

3.2.3 Perceived long-term effects

The perceived long-term effects of the COVID-19 pan-
demic situation on the respondents’ mobility behavior
were assessed with the question “Do you think that your
mobility behavior will change in the long term (in the
coming months and years) as a result of the current pan-
demic situation?”, using a Likert scale from 1 — fully dis-
agree to 5 =fully agree to answer to the proposed
statements (e.g. I will use the public bus less). Overall,
the respondents assessed the long-term effects of the
situation on their mobility behavior to be weak, as
shown by the mean values that only exceed the value of
3 for the item ‘T will travel by plane less”. Yet, the high
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standard deviations, illustrated by the whiskers in Fig. 3,
point to a strong variation of respondents’ assessments.
Respondents do rather not expect the likelihood as low
that they will be less mobile in general in the future
(M =1.96, SD =1.11), as shown in Fig. 3. The same ap-
plies for the assessment of the likelihood of more remote
work. Employed respondents did mostly not agree that
they will work from home more often in the future
(M =2.06, SD =1.30). Respondents partially agreed that
they will use bikes more often (M =2.94, SD =1.36) and
travel less by plane (M =3.04, SD = 1.55). The two con-
trary questions concerning bus usage (7 will use the
public bus less” and “I will use the public bus more
often”), reveal that respondents neither think that they
will reduce their trips by bus nor that they will increase
trips by bus in the future.

Regarding the effect of sociodemographic characteris-
tics on the perceived long-term effects, the employment
status had a significant effect on the assessment of the
item “I will be less mobile in general”. Retired persons
agreed to this statement more (M =2.44, SD=1.285)
than employed persons (M =1.87, SD =1.04, U = 1867.5,
p=.009). There was no significant tendency for female
respondents to assess long-term effects on a general mo-
bility reduction as slightly more likely (M =2.06, SD =
1.17) than male respondents (M =1.77, SD=0.98, U=
4720.0, p =.092). Respondents that stated to have used
bus transport less than once a week before the pandemic
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expressed less agreement to the statement that they will
use public bus more often in the future (M =1.96, SD =
1.11) than respondents that have used the bus more
often (M =2.85, SD = 1.46, U = 1416.0, p = .002).

Figure 4 presents a further way of analysing the re-
spondents’ assessment of long-term effects. As shown
here, the frequency of agreement to the statements dif-
fers strongly. Whereas more than 40% of respondents
agreed or fully agreed that they will use the bike more
often in the future as a reaction to the corona crisis situ-
ation, the agreement to the statement to be less mobile
in general was weaker (10.3% agreed or fully agreed). A
high agreement was found for the statements regarding
a reduction of flights (40.3% agreed or fully agreed) and
for an increase in trips by foot (35.4% agreed or fully
agreed). More than half of the respondents fully dis-
agreed that they will work from home more often.

3.3 Mixed findings

The findings of both studies were integrated and embed-
ded with the help of a joint display according to the Pil-
lar Integration Process [37]. For this purpose, findings of
the qualitative and quantitative study were compared
and contrasted (c.f. Table 3). The pillar themes column
in the center contains the integrated inferences about
the patterns that emerged from the comparison of the
studies.

5
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Mean assessment [1-5]
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26.2 I

4 Discussion

4.1 Methodological considerations and limitations of the
study

Before interpreting and discussing the results, we would
like to reflect on the method and discuss some limita-
tions. A limitation results from the rather high item
nonresponse for some of the sociodemographic charac-
teristics, such as gender or income. Nonresponse on
such items may be explained by perceptions that the
questions are too sensitive or personal [49] or certain
beliefs about the survey, for example that a question is
not relevant for the topic of the survey [54]. Thus, a po-
tential for bias due to the nonresponse should be consid-
ered in the interpretation of the results [22]. The same
holds for the (probably) unequal distribution of gender
in the survey sample. However, a weight adjustment did
not change the statistical results and was therefore not
applied to the data, in consideration of the possible
drawbacks, such as additional biases and increased vari-
ance [30]. Thus, to sum up, the specific characteristics of
the sample should be considered for interpretation of
the results.

Furthermore, the findings on the two questions re-
garding mobility changes as a reaction to the corona
virus pandemic should be further reflected, as they seem
to contradict each other: Respondents reported reduced
trips, but did not perceive a change of their mobility be-
havior. One possible explanation for this may be the
order of the questions, with the abstract assessment of
potential changes preceding the specific report of behav-
ior. Presumably, if the specific question regarding the
share of reduced trips had been asked first, this could
have led participants to also reflect the changes in their
general assessment.

4.2 Interpretation and assessment of the findings

The aim of the mixed-methods analysis was to ap-
proach the rising research need to study mobility
changes in reaction to the global COVID-19 pan-
demic situation. In more detail, the study focused on
two research needs: 1) To provide subjective data
concerning the changes of mobility practices and ex-
pected long-term effects as perceived by affected per-
sons and 2) to broaden the existing findings from
urban settings by focusing on a rural area.

Regarding the first research aim, the findings provide
several insights into the perception of changes in mobil-
ity behavior. The findings imply that not nearly every re-
spondent changed his or her mobility practices
compared to the pre-pandemic status. As the merging of
the qualitative and quantitative study showed, there is a
considerable share of respondents that stated to have
not changed their mobility behavior nor reduced trips as
a reaction to the COVID-19 pandemic situation. In more
detail, 16% stated to have reduced no trips at all and the
mean value of reduced trips was rather low with 33.5%.
These findings are in contrast to the findings from fur-
ther studies that revealed an enormous reduction of per-
sonal mobility in cities [36, 38, 52]. One explanation is
based on the finding that reductions in travel are mainly
caused by the reduction of everyday commute [36].
However, the share of residents of the examined study
area that are employed in the primary (5.5%) and sec-
ondary sector (29.9%) is higher compared to a city like
Berlin (0.0% and 13.6% respectively in 2018, [9]). These
structural characteristics might impede remote work.
Accordingly, the share of persons that stated to have
changed their mobility behavior was lower for employed
persons than for retired persons. This finding is in
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Table 3 Joint Display of qualitative and quantitative findings

Quantitative Pilar  building Qualitative
themes
data categories categories codes
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335%(s0=27.5%)  behavior: | tripswere travelled and _trips for fun
and slightly more than  reduction of | omittedasa | numberof  Otherwise | always go
one third of the trips reactiontothe  trips: somewhere for my.
respondents (n = 91) crisis reduction of  hobby - photography. |
stated to have. trips have now made a
changed their mobility reduction of 25
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say.” (interviewee 10,
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than before reduced mode two weeks”
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the future (M =1.96, respondents do
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agree that they wil willbe less
work from home more. mobie in
ofteninthe future general, except
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and fly less (=304, home more
5D=155) often.
Respondents
predictan
increase intrips
bybikeanda
reduction of
trips by plane in
the future.
Somepositive  Mindset: “o for me, who
side effectsof  positive side  usualy drives an hour
the legal effectsof  towork,t'sa distance.
measuresto the situation  Now I've gained two
reduce the hours if you lke. So,in
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accordance with the result that employed respondents
believe that that they will not work from home more
often in the future. These findings imply that even
though some persons that would have liked to change
their mobility might have not because of external condi-
tions like the impossibility of remote working or using
food delivery services in rural areas.

Interestingly, the quantitative analysis revealed a clear
reduction of trips by bus compared to the time before
the corona crisis situation whereas interview partners in
the qualitative study did not express a change in the
number of trips by bus. This might be explained by the
fact that the four interviewed persons that uses bus
transport regularly are captive riders as they do not own
a driver’s licence or access to a car.

The comparison of the modal split before and during
the corona virus era revealed a modal shift away from
public transport means and motorized individual trans-
port towards the intensified use of bicycles. In contrast
to studies from urban areas [36], the share of trips by
foot did not increase compared to the pre-pandemic
situation, which might be explained by the spatial char-
acteristics of rural areas that entail longer distances.
However, the share of trips by foot before the corona
crisis was small. Under consideration of a reduction trip
by other means of transport, like bus, the modal share of
walking increased somehow. The findings of an increase
of car use in modal split in recent studies [4, 23, 34]
could not be replicated in this study. In contrast, the re-
spondents report a reduction of trips by car on the
modal share and a reduction of daily use, which was also
found in a study by de Haas, Faber and Hamersma [20].
A possible explanation might be the relatively high share
of car trips on modal split in rural areas [28]. Thus,
based on a so-called ceiling effect [18], a reduction of
trips by car is more likely than a further increase. Giving
regard to the second research goal to broaden the exist-
ing findings of urban settings on rural areas, the study
shows that insights that were found for urban settings
cannot be simply transferred to rural areas. The chal-
lenge of transferring findings has been shown by Li, Ru-
dolph & Mennis [40] who found urban—rural differences
in the relationship between reductions in population
mobility and the growth rate in COVID-19 cases. From
a policy perspective the research points out that the
same regulations might result in different outcomes re-
garding mobility behavior in different places. Thus, pol-
icy should be cautious in the use of broad travel bans
but search for specific and adapted regulations. Whereas
cities implemented temporary pop-up cycle lanes [50] or
car-free city centers [15] similar approaches for rural
areas are missing. Adding on this, policy is asked to pro-
vide more accessibility to services to residents of rural
areas to increase livability of disperse areas as an
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alternative to progressing urbanization [16]. Further-
more, the results suggest that a reduction of trips is not
always as possible in rural areas as in urban areas where
jobs that allow for remote working are more common.
Thus, when having a possible next pandemic situation in
mind, policy is challenged to ensure digital connections
for facilitating remote working in rural areas.

The matched data enhanced our understanding of the
mechanisms that were operating within the context. The
merging of the qualitative and quantitative results pro-
vides some explanatory approaches for the findings. For
example, the relatively low number of respondents that
stated to have changed their mobility behavior as a reac-
tion to the crisis could be explained by the statements of
the interviews that indicate some respondents’ percep-
tion of no need for changes or even resistance to change
and non-compliance.

Concerning the perceived long-term effects of the
COVID-19 virus era, the majority of respondents assume
the effects of the current situation on their long-term
mobility behavior to be weak. Respondents assessed the
likelihood as low that they will be less mobile in general
in the future. However, retired persons agree more fre-
quently with the statement that they will be less mobile
in the future. This finding might be related to the gen-
eral reduction of mobility for increasing age and the fact
that the COVID-19 pandemic represents a major threat
particularly to older adults [46]. In accordance to a study
by de Haas, Faber and Hamersma [20], respondents par-
tially agreed that they will use bikes more often in the
future. Furthermore, a considerable number of respon-
dents expected that the COVID-19 pandemic situation
will result in a long-term reduction of trips by plane
which was also found in studies before [20, 36]. In line
with the findings of a study from the Netherlands [20], a
considerable part of respondents does not expect to
work from home more often in the future. Budd and
Ison [14] propose a new concept of Responsible Trans-
port in recognition of the pandemic situation and for
post-COVID recovery. Responsible Transport requires
an element of individual responsibility that involves the
decision whether traveling is really necessary or can be
avoided and the impact of travel choices on others. It
will be shown in the future, whether today’s predictions
that were stated by the respondents will be translated
into action. Giving regard to the point in time when the
survey was conducted (April and May 2020), the study
presents insights into the mind of persons at the begin-
ning of the pandemic situation. At this point of time, the
assessment of changed mobility habits as a reaction to
the coronavirus situation was to early. However, behav-
ior change often co-occurs with important events in
people’s lives (i.e. [42]) and events, like a pandemic have
the power to disrupt long-existing and stable habits
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according to the Habit Discontinuity Hypothesis [60].
Thus, further behavioral research, like panel studies are
needed to study the effects of the crisis of changes of
mobility habits, like the priority position of the car in
rural areas.

4.3 Further research needs

As other recent publications, this study represents an
approach to address the new research issues that are ris-
ing as an effect of the novel COVID-19 situation. Several
research questions still remain open that call for further
analyses. One emerging issue is the need to study human
needs in isolation, especially of elderly and persons living
alone that might be of particular relevance in disperse
areas [7, 43]. Furthermore, the perception of long-term
effects presents an interesting starting point for further
research. Studies could focus on the effects on mode
choice and the perception of risks when using public
transport. Adding onto this, the construct perceived be-
havioral control of attitude-based mobility behavior
models needs further investigations in the light of chan-
ging mobility behavior since the pandemic situation
shifts mobility choices from internal to more external
control. Giving regard to the fact, that it is still too early
to investigate the stability of changes in mobility behav-
ior, research is requested to assess the effects of the cri-
sis and the measures to prevent it on mobility habits.

5 Conclusions

The study provides insights into the effects of the
COVID-19 era on the mobility behavior of a rural case
study sample in Germany. Thereby, the study assesses
the immediate impacts of the measures imposed to pre-
vent the spread of the virus on the movement of people
in a defined area. Using a mixed-methods design, the
study provides insights into the perception and mindset
of affected persons regarding the changes of mobility
practices due to the measures to prevent the spread of
the virus. The results reveal a modal shift towards the
reduction of trips by car and bus and an increase of trips
by bike. In contrast findings from major cities, no in-
crease in trips by foot occurred due to the corona pan-
demic situation [36]. The findings indicate that the study
participants do not experience strong cuts in their mo-
bility and do not predict strong long-term effects on
their general mobility.
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