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Exploring attitudinal factors
influencing modal shift: a latent
class analysis of Danish
commuters

L. R. Rasmussen1,2*, N. Agerholm3, H. Lahrmann1 and A. V. Olesen1

1Department of the Built Environment, Aalborg University, Aalborg, Denmark, 2NIRAS A/S, Aarhus,
Denmark, 3Danish Road Directorate, Aalborg, Denmark

Governments advocate for a modal shift from motorized transport modes to
active modes. Various political approaches can be adopted to affect travel
behavior and patterns. However, interventions spread across the entire
population offer limited opportunities to achieve behavioral change.
Furthermore, attitude has been shown to cut across demographic
characteristics and strongly influence the conducted travel behavior. Therefore,
a latent class analysis including significant sociodemographic variables and value-
based attitudes concerning factors influencing transport, settlement, and
additional priorities was performed. The study objectively identified five classes
of Danish commuters with the same preconditions in terms of commuting
distance but with clear differences in attitude and transport modes. Each latent
class represents a unique combination of characteristics, which indicates the need
to design target group-specific interventions to optimize the chances of
influencing travel behavior. In particular, a group of malcontented motorists
demonstrating a high intention to change exhibit negative feelings toward car
travel and thus appear to act in contravention of their attitudes. In contrast, a class
of immovablemotorists was found, a class of beneficial commuters and finally two
cycling dominated classes of passionate cyclists and environmentalist cyclists.
Finally, this study has emphasized that similar attitudes can lead to dissimilar
behaviors and that the same behavior can be exhibited for various reasons. We
deduced how transport mode choice is influenced by various factors, with habit as
one of the strongest, as those with strong habits seem disinclined to information
about alternatives and call for “harder” policy interventions. The findings
emphasize the importance of targeted interventions tailored to specific
commuter groups to encourage modal shifts towards sustainable transportation.
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1 Introduction

Active travel by walking and cycling for transport is widely acknowledged to have
multiple benefits individually in terms of people’s health and lower costs, is cost saving for
the community, and reduces environmental pollution and global externalities. Nevertheless,
Christensen and Baescu (2021) showed that 29% of all trips made by car in Denmark in
2020 were shorter than 10 km, from which we can assume that a fair share could have been
made with transport modes with a lower average emission per individual than the use of a
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car. Overall, we experience an increased number of car-driven
kilometers, causing road transport today to account for 32% of
the total emissions in Denmark (European Environment Agency,
2020). Furthermore, with additional external costs, such as
congestion, noise, and traffic accidents, it is crucial to develop
targeted efforts to decrease car use. However, the prospect of
traveling by any mode other than a private car challenges a series
of deeply embedded notions for the majority in car-based cities and
rural areas. As Kent (2014) expressed, there is a long-held cultural
belief that “one has the right to be as comfortable as one can afford
to be.”

One of the often discussed essential measures to enable the
transition to sustainable mobility is through the promotion of modal
shift (Banister, 2008), where the focus is traditionally on a shift away
from single-occupancy vehicles. However, influencing a shift and
increasing the share of active transport requires an understanding of
the motives and barriers of individual travelers. This will test
whether subgroups of motorists, who will be affected by softer
interventions, can be identified, and it will be able to design
target group-specific interventions. According to Haustein and
Nielsen (2016), interventions spread across the entire population
will only have limited chances of achieving behavioral change and
thus may be seen as ineffective or wasteful from a policy perspective.
Therefore, an improved understanding of factors influencing the
decision-making process of travel behavior and distributing
commuters into meaningful groups is essential, as this will
provide valuable information about how various measures should
be designed to attract various groups (Haustein and Hunecke, 2013).
This approach is well known in studies of consumer behavior, as
there is little point in addressing the average consumer (or
commuter). Instead, people must be treated in different ways, as
they are motivated and affected by different factors and policy
strategies (Anable, 2005). Consequently, more and more complex
segmentations have been developed in the field of transport research
in recent years, using four basic classes of variables to segment
travelers: travel behavior, spatial variables, socio-demographic
variables, and attitudinal variables. Although none of the
different approaches can claim absolute superiority, Haustein and
Hunecke (2013) found that with regard to the reduction of car use,
attitudinal segmentation of the population into groups sharing
similar attitudes and preferences seems to be the most promising
approach. Thus, how do attitudinal values show in how the Danish
population commutes? What are the barriers, and who will be
willing to perform a modal shift?

The research summarized in this paper aims to provide a deeper
understanding of commuting behavior among Danish travelers and
explore how they can be grouped into meaningful clusters. Using a
latent class analysis (LCA) the goal is to define the distinctions
between car and bicycle commuters who have similar commuting
distances but differ in their transportation choices. By incorporating
distance as a criterion, the study focuses on a specific subset of
commuters who face similar spatial constraints and commuting
conditions. Furthermore, our analysis incorporates socio-
demographic variables and value-based attitudes related to
transportation, settlement, and other relevant factors.

With increasing concerns about environmental sustainability
and the need to reduce carbon emissions, the motivation behind this
study is to uncover valuable insights that can inform targeted policy

interventions aimed at increasing the share of active transportation
modes, such as cycling. By exploring the nuances of commuting
behavior within the context of shared commuting distances, this
study offers valuable insights into the complexities of mode choice
and lays the groundwork for designing targeted interventions that
can effectively encourage a higher adoption of active transportation
modes.

2 Previous research

General trip characteristics, such as trip purpose and
complexity, influence the choice of transportation mode (Neves
and Brand, 2019), alongside available infrastructures, such as built
environment and personal and household characteristics (Beckx
et al., 2013; Song et al., 2017). Furthermore, modal choice is driven
by observable variables, such as travel time and fare, and non-
observable variables, such as perceived security or quality of rip
(Ashmore et al., 2018). Steg (2005) also isolated symbolism, referring
to what people believe their transport mode communicates about
them in a social context to third parties. Furthermore, from a
theoretical framework, the theory of planned behavior by Ajzen
(1991) is often applied to explain this travel behavior. The theory
assumes that people will aim at maximizing their personal benefits,
which will result in reasoned choice making.

From a micro perspective, modal shifts take place when the
decisions of individuals, known as behavior, change. Addressed by
Gehlert et al. (2013), behavioral change options are chosen based on
a psychological cost/benefit ratio, where psychological costs include
increased planning efforts, activity suppression, and increased time
pressure. Making the same trip every day with repetition in an
invariant context may lead to a habitual and largely unconscious
choice of transport mode (Sivasubramaniyam et al., 2020). In line
with this, Verplanken et al. (1998) demonstrated that habit is an
important factor when trying to change people’s travel behavior,
given that those with strong habits are disinclined to gain
information about alternative transport modes. Neves and Brand
(2019) found that the main reasons given by participants to drive
over short distances were related to habits, time constraints,
convenience, the need to carry goods, the need to escort children,
and the lack of any suitable alternatives. These findings support
those of Beckx et al. (2013), who examined trip-related factors that
affect the potential of active transport modes. Meinherz and Binder
(2020) took a more critical approach to previous modal shift studies
and excluded studies exploring intentions or attitudes toward shifts
and, in their qualitative study, only included studies with actual
modal shifts. The study advocated for dynamic transport policies
that are adaptive with regard to the process of modal shifts and
comprised measures targeting various stages of the process
(Meinherz and Binder, 2020).

However, promoting modal shifts by targeted policies requires
an understanding of individual travelers’ motives as preconditions
for fulfilling needs and avoiding barriers. Anable (2005) was one of
the first researchers to perform cluster analyses of travel behavior
studies with the intention of advocating for target group-specific
interventions. The study included 666 respondents, and six distinct
psychographic groups were extracted, each with varying degrees of
potential modal shifts for leisure trips. From the data, four car-
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owning and two non-car-owning groups were formed. Overall, there
were few statistically significant differences with respect to
sociodemographic indicators between the four regular car access
segments. This demonstrated that attitudes and opinions largely cut
across demographic characteristics, given that education appeared
to be the only demographic variable used to distinguish the groups.
Finally, the study demonstrated the method’s utility in providing
meaningful groups useful in designing targeted transport policies.
Nevertheless, a part of the conclusion by Anable (2005) was that the
same behavior can take place for various reasons and that the same
attitudes can lead to different behaviors.

A similar methodology was shared by Ton et al. (2020), who
used LCA to investigate the relationship between daily mobility
travel patterns and attitudes toward (alternative) modes. They used
data from the Netherlands Mobility Panel and a final dataset
consisting of 2,425 individuals. The explicit goal was to identify
the potential for increasing active mode shares across the
population. In summary, the study identified five classes with
different daily mobility patterns and found that the classes
differed in sociodemographics, ownership of modes, distance
traveled per mode, household size, and urban density. The study
concluded that familiarity with active transport was important to
further increase the use of active transport in the future, and that
when the goal is to achieve a higher active mode share, it is
important to design targeted transport policies for the identified
target group. Furthermore, when wanting to advocate for a certain
behavior, it is crucial to first learn about the existing and potential
“customers” and collect information about their attitudes and
motives (Risser and Sucha, 2020). Rérat (2019) gained insights
into the motives and barriers for existing Swiss cyclists (n =
12,031). They conducted cluster analysis to elaborate on four
types of cyclists according to the components summarizing their
motivations: active, civic, independent, or enthusiast. Whereas the
active cyclists are the ones most interested in elements of wellbeing,
such as physical activity and the pleasure of riding a bike, the civic
cyclists carry a more political meaning, as their motivations are
extrinsic, such as environmental issues and social activism.
Individualist cyclists highlight the personal benefits of cycling in
terms of both wellbeing and independence. For them, the bike is
enjoyable, pleasant, practical, and efficient. Finally, enthusiast
cyclists differ from the other categories by giving more
importance to all three components: independence, civic
engagement, and wellbeing. This implies that their modal choice
is strongly embedded in their everyday lives (Rérat, 2019).

Finally, the bicycle, as a transport mode, cannot be appropriate
for all trips, as this comes with a natural threshold value that differs
from commuter to commuter and is, among others, determined by
the physical capabilities the commuter holds, not to mention various
physical barriers, such as missing bike lanes and challenging terrain.

In their modal shift study, Meinherz and Binder (2020) focused on
people with a commuting distance of less than 17 km, as this
corresponds to a commuting distance that can reasonably be
accomplished by electric bicycles, given the average commuting
time of 30 min. In contrast, Beckx et al. (2013) and Neves and Brand
(2019) defined a “short trip” as up to 8 km. Another approach was
used by Bagheri et al. (2020), who discussed and tested potentially
acceptable travel times for mode shifts, assuming various maximum
threshold values of increased travel time. In summary, there does not
seem to be one specific definition of what can be classified as a
feasible and fair distance in the research field of potential modal shift
toward active transport modes. Ultimately, studies should be able to
include the importance of perceived travel time, as it can often be
underestimated for driving or overestimated for using public
transport and cycling (Pedersen et al., 2011; Bagheri et al., 2020).

3 Methodology

3.1 Survey and sample definition

The data used in this study came from an online survey of
commuters conducted by the Centre of Mobility and Urban Studies
at Aalborg University in 2015. The market research institute Gallup
handled the data collection by sending the survey to a random
sample consisting of 2,500 potential respondents aged between
18 and 65 years and who were employed. To express the
representativeness of the Danish population, we stratified the
sample according to gender, age (categorical), region, and
educational level.

Besides demographic information, the survey consisted of
questions regarding the respondents’ daily commute, their
disposal of various transport modes, their use of these modes,
and their attitudes concerning various matters related to
transport, settlement, environment, and additional priorities. In
the end, they were requested to provide their home and working
addresses. From a total of 2,236 completed surveys, 1,509 (68%)
provided information about their addresses, which were used to
calculate the objective travel time on bike, in car or with public
transport using Google Maps’ distance matrix (Google Maps, 2016).
Unfortunately, the software could not recognize all the stated
addresses, and nearly 5% of the respondents who provided their
addresses turned out to be working from home and were hence
excluded from the study. Ultimately, 1,387 respondents were
included.

Afterward, the 1,387 remaining respondents were grouped based
on their use of different transport modes, as stated in the survey on a
frequency scale. The respondents were grouped into categories
based on their mean transport mode and represented current

FIGURE 1
Flowchart of the sample definition.
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cyclists, car drivers, public transport users, pedestrians, or those
using an equal daily mix of transport modes. Commuters that would
preferably use public transport or a daily mix were omitted from the
LCA, considering that the given opportunities for using proper
public transport differed too much based on the geographical
residence of the commuter, not leaving a fair frame of reference.
Finally, 1,164 respondents primarily commuting by bike (n = 294) or
car (n = 870) were included. A flowchart illustrating the sample
definition is presented in Figure 1.

3.1.1 Criteria for potential modal shift
Distance is a fundamental factor that significantly impacts the

feasibility and practicality of various transportation modes.
Commuters residing within a certain proximity to their
workplaces are more likely to consider active modes such as
cycling or walking, while those living farther away often rely on
motorized modes such as cars or public transport. Using distance as
a criterion for participant inclusion ensures that the analysis
captures meaningful variations in commuting behavior within a
specific spatial context and ensures that the study can control for
potential confounding variables that may arise from comparing
individuals with significantly different travel distances.

First, the current 294 cyclists were examined to gain an
understanding of the appropriate criteria for commuting distance
and travel time, as shown in Table 1. This was used to specify the
sample of car drivers of interest in this study—the ones who
presumably have a regular potential to perform a modal shift
toward cycling.

This shows that an average Danish cyclist travels 4.6 km each
way. A complete scatterplot of their traveled distances indicates that
this decreases significantly around 6 km. In addition, previous
studies have commonly agreed that trips up to 8 km can be
defined as short (Beckx et al., 2013; Neves and Brand, 2019). In
line with these studies and to ensure a buffer to the calculated
average commuted distance by bike of 4.6 km in this study, we
adopted 8 km as the threshold value for a potential substitution in
this study. Establishing the criteria of a threshold cycling distance of
up to 8 km left us with a sample of 221 current car drivers who would
be able to cycle to work based on the Google Maps’ distance matrix
calculations. Figure 2 illustrates the potential changes in travel time
based on Google Maps Matrix calculations if the motorists
performed a modal shift toward bicycle. A potential modal shift
will for a distance of up to 8 km in most parts leads to a travel time
increase of up to 15 min. Yet, eight motorists will experience a
reduced travel time and a further 103 motorists will experience an
increased travel time of up to 5 min.

3.2 Analysis and data processing

We addressed the interplay of various questions on opinions
and behaviors regarding transport mode, settlement,

environment, and additional priorities through a largescale
LCA. A generalized structural equation modeling procedure
was used (StataCorp, 2021). There are several advantages to
LCA over other standard clustering techniques, the most
important being that LCA is a so-called “finite mixture
model,” indicating that it is a model-based clustering
approach that assumes that data are generated by a mixture of
underlying probability distributions. Parameter estimation is
performed through proper maximation of a log-likelihood
function, which is a less arbitrary choice of cluster criterion,
such as in standard clustering approaches. Among other
convenient features, latent class clustering does not vary
depending on whether the variables have been standardized,
and it handles various scale types (numerical, nominal, or
combinations of both) (Vermunt and Magidson, 2002).

3.3 Variable inclusion in LCA

Based on the sample criteria described in Section 3.1, the total
sample consisted of 515 commuters. Table 2 presents an overview of
background variables for the two groups of commuters, and the table
serves as an insightful contribution for selecting the variables to
include in the forthcoming LCA. From the overview, we derive that
there is no statistically significant difference between motorists and
cyclists according to gender, income, children living at home, or
whether they must escort children or go grocery shopping while
commuting. In contrast, there is a statistically significant difference
when it comes to age, region, level of education, and car availability
in the household.

The registered statistically significant differences were used as an
interpretation of which background variables to include in the LCA.
On this basis, the variables of current transport mode, gender, age,
highest level of education, and whether the commuters had errands
during their commute were included in the LCA. In addition, their
attitudes toward a list of 19 statements concerning factors
influencing their transport, settlement, and additional priorities
were included. The attitude was expressed on a five-point Likert
scale ranging from 1 (being of no importance at all or strongly
disagreeing with the statement) to 5 (being of high importance or
strongly agreeing with the statement). A list of the complete
statement selection is presented in Table 3.

4 Results

4.1 Classifying the commuters

We tested a total of 6 different LCA models (1–6 classes) for the
data on cyclists and car drivers with less than 8 km between home and
workplace. Table 4 displays the results of the estimations. We chose the
LCAmodel with five classes for a couple of reasons. Firstly, the Bayesian

TABLE 1 Travel information for current cyclists (n = 294).

Avg. distance (km) Min. distance (km) Max. distance (km) Avg. travel time (min)

Current cyclists 4.6 0.3 31.7 15.4
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TABLE 2 Demographic overview of current cyclists and motorists.

Total (n = 515) Motorists (n = 221) Cyclists (n = 294) p

Average distance by bike 4.1 km 4.6 km 0.05

Average travel time by bike 13.8 min 15.4 min 0.06

Gender

Male 286 (55.5%) 131 (59.3%) 155 (52.7%) 0.14

Female 229 (44.5%) 90 (40.7%) 139 (47.3%)

Age

18–35 years 99 (19.2%) 28 (12.7%) 71 (24.1%) 0.00

36–49 years 373 (72.4%) 171 (77.4%) 202 (68.7%)

50–60 years 43 (8.4%) 22 (9.9%) 21 (7.2%)

Average 47.2 years 49.1 years 46.2 years

Region

Capital Region of Denmark 207 (40.2%) 56 (25.4%) 151 (51.4%) 0.00

Region Zealand 120 (23.3%) 58 (26.2%) 62 (21.1%)

The North Denmark Region 53 (10.3%) 35 (15.8%) 18 (6.1%)

Central Denmark Region 43 (8.3%) 24 (10.9%) 19 (6.4%)

The Region of Southern Denmark 92 (17.9%) 48 (21.7%) 44 (15.0%)

Income

> 400.000 DKR 110 (21.4%) 42 (19.0%) 68 (23.1%) 0.49

400.000–700.000 DKR 178 (34.6%) 81 (36.7%) 97 (33.0%)

700.000–1 m. DKR 155 (30.1%) 64 (29.0%) 91 (31.0%)

1 m. + DKR 47 (9.1%) 20 (9.0%) 27 (9.2%)

Unknown 25 (4.8%) 14 (6.3%) 11 (3.7%)

Highest level of education

Primary school 23 (4.4%) 16 (7.2%) 7 (2.4%) 0.00

Upper secondary 40 (7.8%) 20 (9.0%) 20 (6.8%)

Vocational education 191 (37.1%) 99 (44.8%) 92 (31.3%)

Higher education 260 (50.5%) 85 (38.5%) 175 (59.5%)

Unknown 1 (0.2%) 1 (0.5%) 0 (0.0%)

Car availability in household

1 car 297 (57.7%) 123 (55.7%) 174 (59.2%) 0.00

2 cars 110 (21.4%) 86 (38.9%) 24 (8.2%)

3 cars or more 13 (2.5%) 9 (4.1%) 4 (1.3%)

None 95 (18.4%) 3 (1.3%) 92 (31.3%)

Children living at home

Yes 381 (74.0%) 165 (74.7%) 216 (73.5%) 0.76

No 134 (26.0%) 56 (25.3%) 78 (26.5%)

Escorting children on the way

Yes 78 (15.1%) 39 (17.6%) 39 (13.3%) 0.17

(Continued on following page)
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Information Criterion (BIC) was lowest for five classes. Secondly, the
log-likelihood-value increasedwith less than 1 per thousand from five to
six classes and thirdly, we assessed that the minimum class size should
be higher than 10% in order to be interpretable.

We also tested a LCA model with seven classes, but the estimation
did not converge because of non-concavity of the log-likelihood-
function, which possibly was flat and lacked information for
estimation of that many classes.

4.2 Sociodemographic characteristics

The LCA concluded that five classes could be identified. Two
classes of predominantly existing car drivers, two classes of existing
cyclists, and the last class being a mix. After profiling the classes, each
class was given a name to represent its characteristics. In Table 5, the
relative sizes of the classes and the demographic variables included in

the LCA appear. Class 1 represents the “immovable motorists,”
predominantly consisting of men with a vocational education
having no obligations of escorting children or to go grocery
shopping while commuting. Class 2 represents the “malcontent
motorists,” predominantly consisting of women with a higher
education and with a greater share having to escort children or go
grocery shopping during their commute. Class 3 represents the
segment of “beneficial commuters”, who do not tend to have
strong attitudes toward the statements listed in Table 3 but
distinguish themselves by being the class with the oldest
commuters on average. Class 4 represents the “passionate cyclists”
and is the largest class consisting of 33% of the total sample and is
furthermore the class with the youngest commuters on average.
Finally, Class 5 represents the “environmentalist cyclists”
predominantly consisting of respondents with a higher education
and with a greater share of commuters having to escort children or go
grocery shopping during their commute.

FIGURE 2
Change in travel time in the case of a potential modal shift from car to bicycle.

TABLE 2 (Continued) Demographic overview of current cyclists and motorists.

Total (n = 515) Motorists (n = 221) Cyclists (n = 294) p

No 437 (84.9%) 182 (82.4%) 255 (86.7%)

Grocery shopping on the way

Yes 252 (48.9%) 115 (52.0%) 137 (46.6%) 0.22

No 263 (51.1%) 106 (48.0%) 157 (53.4%)
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4.3 Attitudinal variable

The mean scores observed for the five classes are presented in
Table 6. The data clearly show that the five classes differ according to the
19 included statements and fromwhich the naming of the classes occurs.
Class 1, with the immovable motorists, is particularly characterized by a
large share of the highest or the lowest mean scores in several statements
and clearly represents commuters with strong attitudes. Class 1 is
characterized by being the class giving environmental commute the
lowest priority but states that their commute is characterized by self-
determination and freedom. Furthermore, they strongly agree with
liberal car use letting the single individual decide their private

amount of car use. Furthermore, the class scores lowest in feeling
obliged to reduce their emissions and whether they have a guilty
conscience when using the car for short trips.

From the point of view of mobility management and influencing
current trends, the malcontentedmotorists also known as Class 2 are
of big interest. This class currently exhibits high car use but also
demonstrates a relatively high intention to change. Malcontented
motorists exhibit negative feelings toward car travel and thus appear
to act in contravention of their attitudes. These motorists do not
agree on the term that their means of transport show their identities,
implicitly indicating that car travel is not an irreplaceable part of
their self-understanding. This is further emphasized by the class

TABLE 4 Results of estimations.

# Classes # Degrees of freedom Log-likelihood AIC BIC Smallest class (%)

1 46 −17135.08 34362.17 34557.40 100

2 73 −16691.69 33529.39 33839.21 48

3 100 −16531.57 33263.15 33687.57 14

4 127 −16421.63 33097.27 33636.28 15

5 154 −16335.45 32978.89 33632.49 14

6 181 −16255.05 32872.11 33640.30 2

TABLE 3 Selection of statements included in the LCA.

Number Statement

1 It’s of substantially importance that a mean of transport is fast

2 Freedom is of substantially importance for a mean of transport

3 It’s of substantially importance that a mean of transport is practical

4 Economy is of substantially importance for a mean of transport

5 It’s of substantially importance that a mean of transport is eco-friendly

6 It’s of substantially importance that a mean of transport shows my identity

7 It’s of substantially importance that I’m accustomed to a mean of transport

8 It’s of substantially importance that a mean of transport is relaxing

9 My travel time is characterized by self-determination

10 I enjoy the travel time

11 Travel time is time waste

12 Concerning settlement it’s of substantially importance with high social status for the living area

13 Concerning settlement it’s of substantially importance that it’s located in town

14 I feel personally obliged to lower my emissions of greenhouse gasses and pollution

15 The politicians should increase fuel prices to reduce the environmental impact from traffic

16 It’s up to the single individual to decide their amount of car use (liberal car use)

17 The government should improve the public transport and make it cheaper

18 I have a guilty conscience when I use the car for short trips

19 I avoid air travel in consideration of the environment
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TABLE 6 Mean scores for the five classes.

Class 1 Class 2 Class 3 Class 4 Class 5

1. Speed 3.88 3.81 3.34 3.91 3.44

2. Freedom 4.66 4.59 4.01 4.65 4.27

3. Practical 4.62 4.56 4.08 4.71 4.63

4. Economy 3.43 3.57 3.53 4.34 4.30

5. Environmentally 2.33 3.30 3.48 4.21 4.59

6. Shows my identity 2.22 1.98 2.15 2.57 2.20

7. Habit or being used to 3.57 3.49 3.27 3.88 3.64

8. Relaxing 3.01 2.05 3.00 3.28 3.22

9. Self-determination 3.42 2.06 2.96 3.26 2.78

10. Enjoyable 3.64 2.36 3.64 3.96 3.88

11. Time waste 2.43 3.43 2.63 2.22 2.30

12. Social status for living area 1.96 2.22 2.37 2.73 2.15

13. Located in town 3.19 3.61 3.39 3.85 3.72

14. Obliged 2.09 3.33 3.39 3.53 4.21

15. Fuel price increase 1.38 2.06 2.44 2.95 4.06

16. Liberal car use 4.67 4.30 3.83 4.05 2.54

17. Improved public transport 2.92 4.13 4.02 4.38 4.69

18. Conscience 1.49 2.33 2.64 3.08 3.54

19. Avoid air travel 1.26 1.67 2.24 1.88 2.71

TABLE 5 Demographic overview and distribution for the five latent classes (n = 515).

Class 1 Class 2 Class 3 Class 4 Class 5 Total

Class size 15.0% 15.0% 24.0% 33.0% 13.0% 100%

Current transport mode

Cyclist 33.4% 21.8% 40.6% 84.0% 89.5% 57.1%

Motorist 66.6% 78.2% 59.4% 16.0% 10.5% 42.9%

Gender

Male 75.8% 36.4% 71.9% 45.1% 48.7% 55.5.%

Female 24.2% 63.6% 28.1% 54.9% 51.3% 44.5%

Age, mean (y/o) 48.5 46.0 52.2 44.0 47.2 47.4

Highest level of education

Primary school 6.2% 9.4% 3.5% 3.5% 2.6% 4.5%

Upper secondary 11.8% 4.2% 11.1% 5.4% 6.6% 7.8%

Vocational education 43.8% 36.4% 53.3% 32.7% 12.0% 37.1%

Higher education 38.2% 50.0% 32.1% 58.4% 78.8% 50.5%

Solely own transport 89.6% 66.1% 79.8% 72.8% 63.3% 74.8%
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scoring the lowest in statements 8, 9, and 10, saying they do not
associate their mean of transport as “relaxing” or “enjoyable” nor
characterize their travel time by self-determination. Finally, this
class by far scores the highest in statement 11, saying they value their
travel time as time wasted. This is well illustrated in the radar
diagram in Figure 3.

In Class 3, we find a segment of beneficial commuters. The
class only gained distinction by having four statements where
they scored the lowest and by having the oldest commuters on
average. Otherwise, commuters in this class do not tend to have
strong attitudes, as they mostly score average. The class has a high
share of commuters with a vocational education, and 4 out of

FIGURE 3
Radar diagrams showing how the five classes value different factors influencing transport mode.

FIGURE 4
Regional distribution in the five latent classes.
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5 only have to escort themselves during their commute. Class
4 has quite a different distribution, as 84% are cyclists and tend to
truly enjoy their commute, as shown by their low score on
statement 11, saying that travel time is time wasted.
Furthermore, this class average scores the highest in nine
statements, particularly stating that they find their commute
enjoyable, practical, relaxing, and that it shows their identity.
Class 4 simply represents a group of cyclists being passionate
about their commute, but with an attitude less radical compared
to Class 5 of environmental cyclists. With 13% of the total sample
in the class, this is the smallest class, though representing strong
attitudes regarding environmental issues related to transport.
This appears from the high scores in statements 14, 15, 18, and
19 illustrated in Figure 4, as the class truly stands out.

A crosswise evaluation of the five classes showed no statistically
significant differences regarding whether they have children living at
home (p = 0.92), their marital status (p = 0.08), and household
income (p = 0.34). In contrast, there is a statistically significant
difference between the classes regarding gender (p = 0.00), as
Classes 1 and 3 have a strong domination of male commuters.
Another observation of importance was the statistically
significant difference between the geographical regions
represented in the classes (p = 0.00). This is expressed by the
Capital Region deviating from the rest, with a particularly high
share of commuters in Class 4, even though Region Zealand tends
to share nearly the same distribution. Central Denmark is widely
represented in Classes 3 and 4, whereas Northern Denmark
stands out as the region with the greatest share of immovable
motorists in Class 1. Furthermore, all five regions are
represented, with 13%–19% of their commuters in Class 2,
being malcontented motorists. This indicates that this class
has the lowest impact from geographical residence.

5 Discussion

The performed LCA showed how Danish commuters can be
grouped into meaningful classes regarding attitude, travel
preferences and environmental concerns. With the primary
objective to explore attitudinal factors influencing modal shift it
is particularly interesting to consider the differences between Class
2 and 3 on one hand, and Class 4 and 5 on the other. Class 2 and
3 stand out by predominantly consisting of existing car drivers who,
however, express attitudes indicating that their choice of
transportation goes against their desires and general perception
of sustainability.

Class 2 demonstrates a high intention to change, as they generally
score the lowest in statements stating a favorable attitude of their
present transport mode. Nevertheless, the class experiences some
obstacles preventing their modal shift or has not experienced
sufficient reasons to change. The two classes, and especially Class 2,
tend to be in the “contemplation stage” according to Bamberg (2013),
saying that a reduction of car use is being considered, but that
commuters do not have a concrete strategy on how to reduce their
car use yet. At this point, commuters are responsive to means of policy
interventions, which could be of different character. Rasmussen et al.
(2022) showed how motorists were more strongly influenced toward a
modal shift when different political measures were combined and that

solely improvements in public transport had little effect when not
combined with interventions directly targeted to motorists. From this,
we must expect Class 2, and to a certain extent Class 3, to presumably
perform a modal shift if specific driving charges were placed on the
motorists, as they intend to miss the small “push” that will change their
current behavior. Road pricing is, compared to congestion charges,
considered the best way to regulate traffic, as road pricing more fairly
price externalities as car drivers pay the costs they inflict on their
surroundings (Noordegraaf, 2016). As Class 2 express dislike of their
current transport mode, there might also be some who are affected by
soft policies and so-called “low-hanging fruits”. This could be targeted
campaigns to raise awareness and demonstrate negative aspects of the
car (congestion, stress) or promotionalmessages reinforcing theirmoral
obligation and promoting the positive aspects of alternatives (improved
health, reduced congestion, economy and environmental
sustainability). Finally, commuters in Class 2 will have a greater
tendency to perform a modal shift when alternative means are
prioritized and if they are given the opportunity to gain individual
experiences, such as renting an electric bike for a trial period. Also, it is
recommended to enhance connectivity between residential areas,
workplaces, and key destinations to create a more cycling-friendly
environment. Policymakers are recommended to consider
collaborations with local authorities, transportation agencies, and
community organizations to ensure that interventions align with
regional needs and capabilities.

Classes 4 and 5 on the other hand are especially dominated by
cyclists, accounting for 84%–90%, with mean scores (Table 6) showing
that they highly favor the two-wheeled, active transport mode. In
addition, the two classes strongly substantiate the findings of Rérat
(2019), with a strong link for Class 4, passionate cyclists, to Rérat’s
individualist cyclists, as both groups highlight the personal benefits of
cycling in terms of wellbeing and independence. Furthermore, the civic
cyclists found by Rérat can be rediscovered in Class 5, the
environmentalist cyclists. These groups carry extrinsic motivations,
such as environmental issues and social activism, giving their mode of
choice a more political meaning. From this, we can derive some general
findings about motivation and characteristics for cyclists, stating that
basic motivation largely cuts across geographical origin and cultural
differences.

Class 5 is also distinguished as being the most radical cyclists,
whereas Class 1 is the most radical motorists. The two classes
experienced their mode choice as being embedded in their self-
understanding and beliefs. Class 5 is already practicing the
intended transport mode; we may realize that Class 1 cannot
be swayed, as they fully live the cultural belief that “one has the
right to be as comfortable as one can afford to be” (Kent, 2014)
and strongly dominated by subjective norms not feeling
personally obliged to lower their emissions of greenhouse
gasses and pollution.

Anable (2005) showed some similar overall findings, although
they focused on leisure trips, which are commonly known to have
different trip characteristics. Nevertheless, both studies have
showed few statistically significant differences with respect to
sociodemographic indicators. As such, household income,
marital status, and whether they have children living at home
do not vary significantly among the groups in either study. This
suggests that personal characteristics are not an important
determinant of attitudes in the event of equivalent vehicle
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availability and, for our case, commuting distance. Nevertheless,
both studies highlighted segments particularly open to policy
measures and likely to change, suggesting smaller interventions,
such as soft initiatives, as campaigns promoting positive aspects
of alternatives. In line with Anable (2005), we also found that the
same behavior can take place for different reasons and that the
same attitudes can lead to different behaviors. Unfortunately, the
present questionnaire was developed for a slightly different scope
than this study carried out. Hence, the research did not further
investigate what the respondents personally think could change
their behavior, meaning what barriers they experience today, as
this might include a great part of the explanation.

Similarly, Ton et al. (2020) used LCA to segment Dutch
commuters, although the study had a quite different scope, as
Ton et al. wanted to test participants’ attitudes toward various
transport modes. Instead, the present study has only focused on
clarifying the underlying variables and priorities that determine the
current mode choice. Nevertheless, we can still draw some insightful
results from the Dutch study, as Ton et al. found that individuals are
generally more positive toward already-used modes compared to
unused modes. The results also showed that the majority of the users
exhibited a multimodal daily mobility pattern. This finding may also
apply to Danish commuters, but the present study erred by making a
fixed decision to separate commuters into being either cyclists or
motorists based on the frequency of the given transport mode, as
argued in Section 3.1. This split seems rather harsh, and there is a fair
risk that the study might have missed out on some minor details
caused by this.

Our study also revealed statistically significant regional differences
among the identified classes of commuters. Specifically, the Capital
Region exhibited a notably high representation of Class 4, the passionate
cyclists, while Region Zealand displayed a similar distribution. Central
Denmark, on the other hand, was widely represented in Classes 3 and 4.
Northern Denmark stood out with the highest share of immovable
motorists in Class 1. These regional variations suggest that commuting
behaviors and attitudes are influenced by local factors, such as
infrastructure, transportation options, and geographical
characteristics. From this it is important to note that our study did
not extensively account for the diverse range of infrastructure and
opportunities available in different regions. However, it is essential to
recognize the regional differences in commuting patterns and
infrastructure availability to be able to tailor interventions to address
specific challenges and opportunities in different regions. This will make
it easier to prioritize investments in cycling infrastructure such as
dedicated bike lanes, secure bike parking facilities, and bike-sharing
systems, where these are absent. Future research should delve deeper
into these regional disparities to better understand the interplay between
commuting behavior, infrastructure availability, and policy
interventions tailored to specific geographical contexts.

Nevertheless, the present study succeeded in making an
attitudinal segmentation of the relevant commuters, as Haustein
and Hunecke (2013) advocated. The method managed to include
essential sociodemographic variables, important attitude variables,
and information regarding current mode choice. There will always
be a risk of biases, as the researcher initially selects which variables to
include in the analysis. To accommodate this challenge in the best
way, the latent classes are determined solely by data and the number
of classes and their relative size. One could advocate for another

threshold cycling distance, as some commuters will experience 8 km
as being too long, whereas others will travel more than 30 km by bike
each way. By comparison, Meinherz and Binder (2020) focused on
people with a commuting distance of less than 17 km, as this
corresponds to a commuting distance that can reasonably be
accomplished by electric bicycles, given the average commuting
time of 30 min. This also seems reasonable, given the improved
opportunities electric bicycles have led to. At the same time, the
possibilities for multimodal travel have increased, leading to a higher
share, who will potentially be able to perform amodal shift, as public
transport and bicycles in combination can be a relevant alternative
to the car alone and for commuting distances longer than included
in the present study.

6 Conclusion

Based on attitude-based variables, travel preferences, and
environmental concerns, we divided the sample of Danish
commuters into five classes using LCA. The segmentation
provided insights into notable attitudinal differences among
commuters, who objectively have the same preconditions.
Furthermore, we found few statistically significant differences
with respect to sociodemographic indicators between the five
classes. From this, education and geographical residences, and to
a certain extent gender, appear to be the only demographic
variables to distinguish the groups, demonstrating that
sociodemographic factors had a minor impact on the travel
profiles for the segments. A determined attitude seems to
influence the mode choice, or attitude is largely influenced by
the current transport mode.

From this study, we localized five latent classes–two car-
dominating classes, two classes of existing cyclists, and a class of
beneficial commuters, which more widely represent a mix of
motorists and cyclists. Class 2 was found to be the group of
biggest interest, as they daily drive their car with discontent. The
class is clearly distinguished from the others, as they do not associate
their means of transport as “relaxing” or “enjoyable” and consider
their travel time as time wasted. As the class expresses dislike of their
current transport mode, a fair share is expected to be influenced by
soft factor interventions, which will influence the individuals’
perceptions of the benefits from traveling and reinforce favorable
attitudes already held. Furthermore, harder policy measures are
expected to influence modal shifts among Class 2, as well as
commuters from Class 3, as they represent a group of mixed
commuters with no strong attitudes. This calls for a wide range
of political instruments and incentives to implement them, as the
segmentation has demonstrated classes of commuters who
distinguish by their low commitment and self-perception, which
contradicts their chosen mode of transportation. Further research
should investigate the specific policy interventions that are most
appropriate for targeting these specific populations of interest.

In conclusion, our study highlights the importance of
understanding commuters’ attitudes and preferences in
promoting modal shifts. By identifying distinct groups and their
unique characteristics, policymakers can tailor interventions that
effectively target and encourage mode shift towards more
sustainable transportation options.
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