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Abstract

Public transport (PT) adoption is essential for reducing
greenhouse gas emissions and supporting sustainable urban
development. While many studies identify barriers to PT use, little is
known about their relative importance or how they interact. This study
applies a novel network analysis to model subjective barriers as an
interconnected system.

Participants (N = 101) completed an online survey featuring four
hypothetical journey scenarios and a card-sorting task to indicate
factors shaping their decisions to use or avoid PT. The resulting data
were analysed to assess barrier centrality, clustering, and influence on
mode choice.

Results showed that trip duration was the only factor with a
significant direct effect on transport decisions, despite frequent
mention of other barriers such as bus reliability, carbon footprint, and
ease of payment. Network analysis revealed five central nodes - trip
duration, ease of planning, route familiarity, walk from end, and bus
stop wait — organised into five clusters: practicalities, cost/benefit, self-
efficacy, bus pleasantness, and route characteristics.

These findings highlight the dominant role of practical
constraints, particularly trip duration, in shaping PT adoption and
demonstrate the value of network approaches for identifying policy
targets to improve public transport uptake.



1. Introduction

During the Covid-19 pandemic, public transport (PT) ridership
declined by up to 90% in some cities (SLOCAT, 2023). Although usage
has gradually recovered, this recovery has been notably slower in high-
income countries across North and South America and Europe, where
ridership remains below pre-pandemic figures. This trend is
concerning, given PT's critical role in sustainable urban development.
For example, overreliance on private vehicles contributes to congestion
and increased greenhouse gas emissions (Moavenzadeh et al., 2002);
indeed, transportation accounts for 24% of direct CO2 emissions from
fuel combustion worldwide, with road vehicles accounting for nearly
75% of this total (IEA, 2020). It therefore remains crucial that research
explores influential barriers to PT adoption to inform future policy
aiming to encourage PT adoption.

While a substantial body of literature has explored factors
influencing PT use, less is known about which barriers are most central
—or how they influence one another. For example, while research has
shown that service quality is a recurring barrier to PT adoption (e.g.,
Friman et al., 2020; Tyrinopoulos et al., 2013), there is less literature
that explores the relationship between service quality and
infrastructure-related issues. Addressing this gap is important for
policymakers seeking to prioritise interventions to promote PT
adoption. Crucially, research suggests that PT usage is rarely influenced
by a single barrier but, instead, decisions are shaped by a web of
interrelated factors, including infrastructure, service quality,
psychological attitudes, and economic constraints (e.g., Javaid et al.,
2020). For example, a bus lacking features for visually impaired
passengers is not just an infrastructure issue — it also undermines
perceived service quality and may trigger anxiety (e.g., Asplund et al.,
2012), another psychological barrier (e.g., Schmitt et al., 2019). This is
where the criticality of the current research can be seen: the network
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approach allows for a complete analysis of the network of different
barriers and their relationships, rather than an isolated focus on certain
barriers.

Indeed, attempts to isolate a single “primary” barrier often
oversimplify the underlying influences behind PT decision-making. Yet,
many related disciplines still lack systematic approaches to
aggregating knowledge (Beelmann, 2006; Minx et al., 2017). As such,
this research takes a novel approach by modelling subjective barriers to
PT adoption as a complex, interconnected network. This method
captures how barriers influence each other and identifies those most
central within the network, generating novel insights that can inform
future policy.

2. Literature Review

2.1. Public Transport Adoption for Sustainable
Development

In recent years, sustainability has emerged as a central
objective for UK policymakers, with public transport (PT) adoption
regarded as one of the most cost-effective strategies (IPCC, 2022).
Buses and trains have been shown to reduce greenhouse gas (GHG)
emissions by up to two-thirds per passenger kilometre compared to
private vehicles (Ben Welle et al., 2023). The UN’s latest climate
action report describes a shift to public transit as essential for
mitigating climate change (FCCC, 2023), and PT adoption
contributes directly to 14 of the UN’s 17 Sustainable Development
Goals (IAPT, 2023). In this context, increasing PT use has become a
key policy goal for sustainable development. Therefore, this research



contributes to sustainable urban development by identifying key
barriers to public transport adoption, providing insights that can
inform more effective policy interventions to increase its use.

2.2. Barriers to Public Transport Adoption

Given the importance of PT for sustainability, identifying and
addressing the barriers to its adoption is critical. A review of the
literature reveals several key obstacles, each of which is reviewed
below. In brief, service quality, including reliability, cleanliness, staff
friendliness, and similar factors, has consistently emerged as one of
the most influential determinants of PT use (Ramos et al., 2019;
Tyrinopoulos and Antoniou, 2019; Diab et al., 2015; Rasca et al.,
2022). Infrastructure-related issues, such as walking distance to
stops, accessibility — especially for people with disabilities — and
limited network coverage, have also consistently emerged as key
determinants of PT use (Mwaka et al., 2024; Asplund et al., 2012;
Nielsen et al., 2021; Ramos et al., 2019). Economic and
demographic variables (Dimitrios et al., 2017; Gudmundur et al.,
2015), as well as psychological and normative factors (Rao et al.,
2025; Vallee et al., 2024), add to the potential barriers to PT
adoption.

Considering the number of barriers identified, taking a holistic
approach is most appropriate, as it is unlikely that one barrier
influences PT adoption alone, but instead, a network of barriers.
While many factors influence PT use, this study will focus on
subjective barriers amenable to direct policy intervention. First, itis
essential to understand the nuances around these barriers; these
are briefly reviewed below.



2.2.1. Service Quality

PT service quality is typically evaluated through a range of
attributes, broadly divided into physical — measured without
involving PT users — and subjectively perceived, which rely on the
observation of PT user responses, either directly (e.g., Friman et al.,
2001) or indirectly (e.g., Balcombe et al., 2004, Paulley et al., 2006).
Table 1 lists and defines the attributes commonly studied. Some of
these attributes overlap with infrastructure, such as ease of transfer
and accessibility. These are best understood as hybrid elements,
where physical design, e.g. station layout and step-free access,
enables access, but operational factors, such as service scheduling
and passenger assistance, determine the user experience (TfL,
2015).

Service quality, then, is best understood as the extent to which
the transport system meets or exceeds users’ expectations and
needs. It significantly influences behavioural outcomes by shaping
perceptions of ease, trust, and satisfaction — core drivers of
transport choice and habitual use (Friman, Lattman, & Olsson,
2020). These dynamics are central to this study’s focus on subjective
barriers to PT adoption, where “subjective barriers” are understood
as personally reported reasons for avoiding PT, based on an
individual’s perceptions, experiences, and context.

Service quality attributes, including reliability, frequency, price,
ease of transfer, and safety, have been demonstrated in numerous
studies to substantially shape user decisions (Haboucha et al.,
2023). Reliability reflects how closely the bus service matches the
route timetable. According to a review conducted by Tyrinopoulos
and Antoniou (2013), service reliability is one of the most essential
factors in PT use, even more so than factors such as price, with other
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studies also emphasising the importance of reliability to customer
satisfaction (Diab et al., 2015; Hansson et al., 2020; Redman et al.,
2013). Similarly, frequency, defined as how often a bus service runs
in a set period, has been cited alongside reliability as one of the
most important factors encouraging PT adoption (Goransson &
Andersson, 2023), particularly in enhancing customer satisfaction.
However, it remains unclear whether reliability and frequency alone
are sufficient to influence overall loyalty and mode switching to PT.

Indeed, other attributes, such as price, transfers, and comfort,
might be more significant in increasing loyalty and adoption. Price,
defined in this study as the monetary cost of travel, influences
individuals’ decision to choose PT over private modes of transport -
PT needs to be cost-competitive to be a strong alternative to the car
(Goransson and Andersson, 2023). This picture is complicated by
transfers, which commuters are largely negatively disposed towards;
Guo and Wilson (2004) defined transfer penalty as a value which
reflects the negative perceptions users have towards transfers.
Further, service quality attributes that influence overall loyalty to the
PT system are more associated with a trusting relationship between
the user and the agency, including value for money, on-board safety,
cleanliness, and interaction with personnel (van Lierop et al., 2018).
PT service quality represents a multifaceted subjective barrier,
crucial for understanding user behaviour and its interplay with other
factors in a holistic network approach.

Table 1. Definitions of public transport (PT) service quality attributes.

Attribute Definition

) How closely the actual
Operational

Reliability service matches the route

Attribute )
timetable



Experiential
Attribute

Attribute

Frequency

Speed

Price

Information
provision

Ease of
transfers/
interchanges

Vehicle
condition

Comfort

Safety

10

Definition

How often the service
operates during a given
period

The time spent travelling
between specified points

The monetary cost of travel

How much information is
provided about routes and
interchanges

How simple transport
connections are, including
the time spent waiting

The physical and
mechanical condition of
vehicles, including the
frequency of breakdowns

How comfortable the
journey is regarding access
to seat, noise levels, driver
handling, air conditioning,
and cleanliness.

How safe passengers feel
from traffic accidents
passengers feel during the
journey, as well as their
personal safety



Attribute Definition

How simple the PT service
) is to use and how well it
Convenience ,
adds to one’s ease of

mobility.

Appeal of vehicles, stations
Aesthetics and waiting areas to users'
senses

Note: Table adapted from Redman et al., 2013, with minor modifications.

2.2.2. Infrastructure

It is also important to consider the role of infrastructure in
influencing PT decisions. If service quality is primarily related to user
experience, infrastructure refers broadly to the physical design
elements of PT. Its impact on PT use is significant. An international
review found that investments in infrastructure, such as Bus Rapid
Transit (BRT), Light Rail Transit (LRT), and commuter rail, can shift up
to 40% of car users toward PT (Ingvardson & Nielsen, 2018).

First, intermodal connections regularly surface in analyses as
primary influencers to PT adoption. Complicated or poorly
coordinated networks, where transfers are frequent or disjointed,
discourage use (Ramos et al., 2019). Simplifying routes and
improving transfer efficiency may therefore be key to increasing
adoption.

Further, network density and spatial coverage are also critical.
Studies show that sparse stop spacing and limited service areas
depress ridership even when service quality is high (Ingvardson &
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Nielsen, 2018; Ulfarsson et al., 2015). Poor “first-mile/last-mile’
connections, such as long walks to stations or inadequate feeder
services, reduce the effective catchment of public transport and
deter potential users.

Yet, coverage alone is insufficient if stations and stops
themselves are poorly designed. Features such as lighting, shelter,
seating, and barrier-free access directly affect both the physical
feasibility of trips and passengers’ perceptions of safety and comfort
(Hansson et al., 2019; van Lierop et al., 2018). Well-distributed
routes, therefore, need to be complemented by high-quality stop
environments that make waiting and transferring both convenient
and secure. Together, these spatial and design elements determine
the real catchment of the system and shape whether potential users
perceive public transport as a viable alternative to private cars.

This is deepened when considering potential accessibility
issues, particularly for people with disabilities (PWD). Across 15
studies, physical barriers such as inadequate ramps, steep
gradients, or inoperable features were frequently cited as critical
impediments to PT access (1, 7, 9, 10, 15, 23, 43, 47, 48, 50, 54, 56,
61, 65, 66). Of 34 studies reviewed, 9 specifically noted problems
with ramp deployment and slope (2, 5, 9, 17, 24, 40, 54, 61, 65).
These issues not only limit access but may also create anxiety or risk
for passengers, particularly those with mobility or sensory
impairments.

In summary, infrastructure in this study broadly refers to the
physical design elements of public transport, and its impact,
particularly regarding effective intermodal connections and
accessibility for people with disabilities, is a significant barrier to PT
use. However, infrastructure is understood to intersect with other
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perceived factors, such as convenience, safety, and accessibility, as
a complex network.

2.2.3. Economic Factors

In its broadest sense, economic factors can be understood as
the financial conditions, incentives, and constraints that influence
individual and collective decisions about PT use. Studies that
examined PT use during recessions found slower PT growth,
indicating a relationship between unemployment/reduced income
and reduced PT use (Gudmundur et al., 2015; Paulley et al., 2006;
Taylor et al., 2009). For example, during the 2008/09 recession, the
growth of PT stagnated at around 0% where growth had previously
been sustainable (Cordera et al., 2015). Given this, itis valuable to
consider wider economic contexts as a factor in PT use.

Beyond absolute fares, the perceived value of public transport
depends on how costs interact with service quality. Even when ticket
prices are low, poor reliability, long waits, or uncomfortable journeys
can reduce perceived value and discourage use (Paulley et al., 2006;
Redman et al., 2013). Hidden costs such as the time lost to delays or
multiple transfers function as an “opportunity cost,” meaning that
longer or more complex journeys feel economically unattractive
even without a fare increase (Guo & Wilson, 2004). In the present
network, factors such as trip duration, ease of transfer, and reliability
connect directly to these economic evaluations, highlighting that
financial and operational barriers are intertwined rather than
independent.
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Traditional economic theory frames transport choice as a
rational decision-making process based on utility maximisation. In
this view, individuals weigh the financial and time costs of PT against
alternatives (Javaid et al., 2020). However, given that there are
numerous alternatives, this should generally result in a global
evaluation of whether PT is perceived as good value for money
(London TravelWatch, 2022).

2.2.4. Psychological Factors

Psychological factors, especially attitudes, norms, and
prejudices, can influence PT use. Crucially, environmental
awareness has been cited as a significant factor in PT use (Vallee et
al., 2024; Nilsson and Kuller, 2000), as well as norms and prejudices
disfavouring PT (Murray et al., 2010). For this reason, our study
examines attitudes towards carbon footprint. Further, car ownership
and use are associated with a unique set of values (such as freedom
and care for others) and social identity that is lacking in PT (Sheller,
2004; Gartman, 2004; Cairns et al., 2014). This reduces the allure of
PT compared to private transport.

A popular approach in PT research is the adoption of the Theory
of Planned Behaviour (TPB) to gain knowledge into the specific
psychological factors that influence mode switch from cars to PT.
TBP frames these influences through:

= Attitudes: Evaluation of PT

=  Subjective Norms: Social Expectations about PT use

= Perceived Behavioural Control: Confidence in one’s
ability to use PT effectively.

14



While TPB is valuable for understanding mode-switching
behaviour, this study excludes psychological variables from its
network model. The primary reason is policy applicability:
psychological attitudes are harder to intervene upon than service
quality or infrastructure. Unlike fare reductions or increased
frequency, attitude change requires long-term cultural or educational
strategies. This does not diminish the importance of these factors,
but positions them as the subject of future, specialised research.

Although the present network excludes psychological variables
for policy reasons — attitudes are less directly modifiable than fares
or service frequency — they remain closely intertwined with service
quality and infrastructure. For example, station design and service
reliability can heighten or reduce anxiety, influencing confidence in
using PT (Friman et al., 2020). A well-lit, sheltered stop with clear
information can improve perceived safety and thereby strengthen
positive attitudes, illustrating how physical features translate into
psychological comfort.

In short, while psychological factors are not modelled here, the
network findings can stillinform them indirectly, highlighting how
improvements in service quality and infrastructure may foster the
attitudes and perceived control that encourage PT adoption.

2.2.5. Demographic Factors

The literature indicates a relationship between demographic
factors and likelihood to use PT. Notably, women have a slightly
lower probability of using cars, lower average travel distances, and
are more likely to favour PT for trips (Best and Lanzendorf, 2005;
Rosenbloom, 2004; Kuhnimhof et al., 2006). Likewise, PT seems
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more popular for certain age groups, with young people (under 25)
and elderly tending to be more PT-oriented (Coogan et al., 2018,
Ding et al., 2017, Ha et al., 2020, Litman, 2004, O’Fallon et al., 2004).
Having children in a household reduces the likelihood of PT pass
ownership (Vance and Peistrup, 2012), which reflects findings that
having a person in care reduces PT usage.

Despite these patterns, this study does not include
demographic segmentation in its analysis. The decision is guided by
practical considerations: while demographic trends can indicate
general usage likelihood, they offer limited guidance for actionable
policy. This research aims to uncover barriers applicable across
diverse users, with future studies encouraged to explore targeted
demographic insights in more depth.

3. Network Analysis

The present research, which uses network analysis, is unique in
its approach to modelling the factors that influence PT adoption. Unlike
traditional approaches (e.g., the simple use of regressions), the present
approach explicitly models both the importance of any individual PT
barrier for PT adoption, as well as the association it has with other
barriers in the network. This allows for a more holistic understanding of
how the barriers studied here ultimately form the decision-making
network surrounding PT adoption.

The strength of this approach is derived from three qualities. First,
this approach is generative. There is high potential for identifying new
associations between different barriers that can be investigated in
future research (Lengieza et al., 2025). Put succinctly, it can generate
new hypotheses and potentially instigate new lines of research.
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Secondly, it is an exploratory approach. Rather than attempting to
confirm previously identified connections, this approach is aimed at
uncovering new connections for the subject of future study. Finally, this
approach is flexible, requiring no a priori knowledge or expectations
surrounding patterns in the data. This is particularly useful for this area,
where there is a potential gap in the literature.

In summary, the outputs from this approach do not confirm
associations. Rather, the outputs indicate a set of potential
associations that should be tested in future studies.

4.The Present Research

The purpose of this paper is to explore the subjective barriers to
PT adoption as a network. As such, the ultimate goal is to identify the
most influential barriers to switching from private to public transport,
and the existing connections between barriers. In this context, a
connection refers to the degree of co-occurrence between a pair of
barriers (i.e., the correlation between two barriers). To answer our
research questions —i.e., what are the most influential factors in PT
decisions, and what are the relationships between different factors —
we released an online survey in which participants imagine they are
going to four different locations. Given each location, they were asked
how likely it is that they would take the bus and then completed a card
sorting task (adapted from Lengieza, 2025) used to identify the factors
that influence their hypothetical PT decision. The data was then
analysed as a network to model the identified barriers to PT adoption.
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5. Methods

5.1. Participants

Participants were asked to complete a survey, which was visible
through two streams: Prolific and Environmental Action Durham. For
the purposes of this study, a sample of 101 participants was used for
data collection and analysis. All participants were recruited from
Durham County; data collection is from Durham County exclusively.

5.2. Materials and Procedure

5.2.1. Scenario Description

The procedure closely followed that of Lengieza et al. (2025).
After providing informed consent in accordance with institutional
ethical approval, participants were presented with an introductory
briefing outlining the upcoming tasks (see Fig. 1). After spending as
much time as needed on this page, participants advanced to a
second page. Here, they were then shown a scenario prompt and
asked to indicate how likely they would be to take the bus in that
situation (see Fig. 2). For example, one scenario asked participants to
consider the likelihood of using the bus for a journey from home to a
GP appointment. The order of scenarios was randomised to control
for sequence effects.

Each participant completed four scenarios in total, designed to
capture variability in public transport (PT) decision-making across
different journey contexts. After being presented with the scenario,
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participants were asked how likely they were to take the bus for this

imagined journey. The scenarios included the following (presented in

randomised order to participants):

1)

Imagine that, tomorrow (or the next most reasonable day), you
need to travel from home to go to work on a normal workday (at
the time that you normally tend to do such things).

Imagine that, tomorrow (or the next most reasonable day), you
need to travel from home to go to the GP for a routine
appointment (at the time that you normally tend to do such
things).

Imagine that, tomorrow (or the next most reasonable day), you
need to travel from home to go to the shop to get groceries for the
week (at the time that you normally tend to do such things).
Imagine that, tomorrow (or the next most reasonable day), you
need to travel from home to meet a friend at their favorite pub or
restaurant (at the time that you normally tend to do such things).

This approach enabled meaningful comparisons and increased

the richness of the resulting network data, allowing us to identify

which barriers to PT use were most influential across diverse

situations.
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Fig. 1. Introductory Briefing of Survey Tasks

In a few pages, you will be asked to drag and drop items based on whether they were part of your
decision-making process. By (un)attractive, we mean that the feature pushes you toward or away from
taking the bus for the specific journey identified. Ultimately, we are interested in your impression of these
factors—your reasonable assumptions based on the information you have available are valid

impressions.

Fig.

Some of the factors will make taking the bus seem very attractive. You should place them in

the green category.

Some of the factors will make taking the bus seem sort of attractive. You should place them in the
blue category.

Some of the factors will make taking the bus seem sort of unattractive. You should place them in
the grey category.

Some of the factors will make taking the bus seem very unattractive. You should place them in
the red category.

any factor that was not relevant or influential for any reason you can remove by clicking the red X
icon.

2. Scenario Description

Imagine that, tomorrow (or the next most reasonable day), you need to travel from home to go to the
GP for a routine appointment (at the time that you normally tend to do such th\'ngs).

How likely are you to take the bus to get there?

Please take a moment to think carefully about all of the things you would normailly consider when
deciding how to get to your destination before indicating your decision.

O Very Unlikely to take the bus

QO unlikely to take the bus

O A Bit Unlikely to take the bus

(O Neither one way or the other

O A Bit Likely to take the bus

O Likely to take the bus

QO Very Likely to take the bus

20



5.2.2. Card Sorting Task

Participants then advanced to the next page, which featured a
drag-and-drop sorting task, adapted from Lengieza (2025). In this task,
they were presented with a series of cards reflecting the network
factors of interest. They were asked to drag each item into one of four
categories depending on its attractiveness for PT use. Participants were
also given the option to delete a card if it was not a consideration in
their decision-making. Prior to starting this task, participants were
presented with instructions presented in Fig. 1.

The appearance of the actual task page can be found in Fig 3. The
item pool only displayed a portion of the entire set at a time —to
accommodate smaller-sized devices. The drop-bins were coded from O
(“very unattractive”) to 3 (“very attractive).

Fig. 3. Drag-and-Drop Sorting Task

Drag and drop the itemns (white cards) in the bins below based on how they factored into your decision
of whether or not to take the bus to go to work on a normal workday.

Please use the red x on the cards to hide items if they were NOT a part of your INITIAL decision-
making process (because you didnt really think about them on the last page).

0 @ Other concerns @ Th -E
! i not listed !
i i
N journey N
o ; ; ; 1
oo B Hovcouich DT T v andenc J 2D W o well Yokipo_ L - sated
makes the bus a VERY makes the bus a SORT  *
attractive option OF attractive option
makes the bus a VERY ~ * makes the bus a SORT  *
unattractive option OF unattractive option
v v
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5.2.3. Demographic Questions

After sorting for each scenario, participants completed some
demographic questions. This inquired about the following: gender,
ethnic group or background, age, physical/mentalillnesses that have
lasted or are expected to last for 12 months and would impact their
ability to use PT. Participants were then shown an image of a ladder,
the top of which represented the people with the “most money, most
education, and the best jobs”, and the bottom of which represented
those with the “least money, least education, and worst or no job”.
Participants were asked to rank themselves, on a scale of 1-10,
according to where they believed they placed on the ladder.

Following this, participants were also asked to move a slider
according to their political preferences, with the prompt “Which way
do your political preferences lean?”. Left on the slider represented
the political left, and the right, the political right. Figure 4 is taken
from this page.

Fig. 4. Political Preferences Slider

Which way do your political preferences lean?

please slide skip

5.2.4. Exit ltems
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At the end of the survey, participants were asked whether any
other infrastructural changes would make them more likely to take
the bus. Following this, participants were presented with a series of
items designed to assess data quality (see Lengieza, Aviste, & Swim,
2023b). Participants reported whether they rushed, were distracted,
or did not take the survey seriously. Prior to answering these
questions, participants were explicitly informed that their answers
would not affect their credit. Responses were used to identify and
exclude low-quality responses, as noted in the participant’s section.

5.3. The Complete Network

5.3.1 Influence in Decision Making (Node size)

Node size (the white inner portion) indicates the level of
influence a given node exerted on decisions of whether to take the
bus. This was based on a multi-level regression predicting bus choice
ratings from all nodes at once, when controlling for journey type.
Nodes with a non-significant or trivial influence are depicted with an
asterisk in the centre. Nodes with a significant, non-trivial effect are
depicted with a square. Larger nodes (with larger white inner circles)
indicate that the given barrier was more predictive of bus choice
scores. Smallinner circles indicate that the factor did not predict
choice scores when controlling for all of the other factors.
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5.3.2. Barrier Perceptions (Ring Size and Colour)

Ring size and colour reflect the valence of the average
perception of the given barrier. This was calculated by taking the
average of the raw item ratings. Items that were rated more often as
“unattractive” appear with a red ring. The more unattractive they
were, the thicker the ring. Items that were rated more often as
“attractive” appear with a green ring. The more attractive they were,
the thicker the ring. Items with thin rings were neither rated as
notably unattractive or attractive.

5.3.3. Relationships Between Factors (Band Size
and Colour)

Most relevant to the research aim of modelling subjective
barriers as a complex network, we modelled the associations
between the factors within the network. Thicker green lines indicate a
positive relationship between two nodes (i.e., when one node
appeared as a factor in the survey, another node was also frequently
observed). The thickness of the line indicates the strength of this
relationship. Absence of lines indicates no meaningful relationship
between two nodes. We should note that we used thresholding to
filter out trivial (i.e., |r| <.10) associations.

Further, consistent with (Lengieza, Richardson, & Aviste, 2025;
Lengieza, Richardson, & Hughes, 2025), we calculated centrality, by
summing the weights of edges connected to the node (with higher
numbers reflecting a greater number of strong connections in the
network) after further weighting the edges by the influence of the
connected node. This effectively captures whether a given node is
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highly connected to important positive members of the network or
important negative members of the network.

5.3.4. Node clustering (Label Colour)

Cluster_optimal() from the igraph package was used to identify
clusters in the data based on the weighted connections between
each node. Such clustering procedures are used to identify
communities in networks based on the ties between them (M.
Neuman et al., 2022). This function only accepts positive values for
weights. Since the weights in our network could range from -1 to 1,
we used the absolute value of the connection instead of the raw
weight. Nodes sharing the same text colour belong to the same
cluster based upon the network ties.

Fig. 5. The detailed network of factors that influence public transport

adoption.
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Note: The following explains how to interpret the visual network.
Nodes: Larger nodes indicate greater importance; Green nodes had
a positive importance for PT adoption; Red nodes had a negative
importance for PT adoption. Edges: Bands indicate relationships
between nodes; no bands indicate no relationship after controlling
for other nodes; No bands indicate no relationship between other
nodes in the network. Label colour: The colour of labels was
determined by the cluster assignment derived from the network
community structure. White square and Asterisk: An asterisk
indicates no bearing on decision-making. A white square indicates
bearing on decision-making, with the size indicating influence.

6. Results
6.1. Complete Network Analysis

6.1.1. General Influence (Node Size)

The complete network is depicted in Figure 5. The five most
important factors for transport decision were “trip duration”, “bus
reliability”, “bus stop wait”, “carbon footprint”, and “payment ease”.
However, it is interesting to note that “trip duration” is the only factor
that is significant in influencing decision-making, based on regression
analysis. Despite other factors clearly being perceived negatively, there
is no indication that they are substantial in influencing choices to take

the bus.

6.1.2. Bearing on Choices (White Square vs Asterisk)
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There were several factors that seemed to have no bearing on
decision-making, including “bus safety”, “shelter safety”, “bus
comfort”, “seat availability”, “weather”, “bus clean”, “walk to start”, and
“info ease”. These were all rated as equally attractive and unattractive
regarding the bus as a PT option. Therefore, these factors were poor
differentiators of PT or non-PT decisions; as such, they were unlikely to

have been influential.

6.1.3. Centrality

The most central nodes for PT decisions were “trip duration”,
“ease of planning”, “route familiarity”, “walk from end”, and “bus stop
wait”. Further, the following nodes were moderately connected: “bus
reliability”, “fit for journey”, and “payment confidence”. Of the central

nodes, both positive and central nodes were present.

6.1.4. Clustering

The network was formed from five clusters altogether, as
determined by the clustering algorithm: bus pleasantness (e.g., nice
staff, shelter safety, bus comfort), self-efficacy (e.g., payment
confidence, payment ease, route familiarity), cost/benefit (e.g., value
for money, ease of planning, walking convenience), practicalities
(e.g. walk from end, trip duration, fit for journey), and route
characteristics (bus reliability, bus on time, bus frequency). Some
nodes were ignored by the clustering algorithm and, therefore, not
sorted into a cluster, such as driving convenience, anxiety, and
weather. Bus pleasantness was situated on the opposite wing of the
network to cost/benefit, practicalities, and route characteristics.
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6.2. Discussion

6.2.1. Insights from the Complete Network

Decision factors clustered into five groups, which are depicted
visually using colour: self-efficacy (brown), bus pleasantness
(orange), route characteristics (blue), practicalities (dark blue), and
cost/benefit (purple) — each differed in their level of importance for
decision-making.

6.2.2. Practicalities (The Only Significant Factor)

Practicalities were the only cluster that was decidedly
important for PT decision-making within the simplified network. This
suggests that, when people are deciding whether to take the bus or
another mode of transport, the only factors that were able to explain
their decision-making were practicalities. The practicalities cluster
(See Figure 5) includes factors such as trip duration, fit for journey,
walk from end, number of transfers, meet needs, and walk to start.
Yet, of these, it was only trip duration that seemed to affect decision-
making.

This finding initially appears to diverge from the extant
literature, for example, studies highlighting service quality
(Tyrinopoulos & Antoniou, 2013; Diab et al., 2015) or transfer
penalties (Guo & Wilson, 2004) as decisive. However, several strands
of research suggest that these apparently distinct attributes often
operate through perceived journey efficiency. For instance, Redman
et al. (2013) and Goransson & Andersson (2023) both show that
reliability and frequency primarily influence satisfaction by
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shortening perceived travel time. In this sense, the ‘practicalities’
cluster, particularly trip duration, may represent a higher-order
construct that encapsulates the downstream effects of reliability,
transfers, and scheduling. This interpretation aligns with Paulley et
al. (2006), who argue that time cost is the dominant component of
perceived value even when fares remain stable.

6.2.3. Trip Duration as a Central Factor

Trip duration emerged as the only factor with a statistically
significant influence on mode choice, underscoring its importance as
a central determinant of public transport adoption. Within the
network, it was also one of the most highly connected nodes, linked
to “number of transfers”, “bus stop wait”, “walk from end”, and “fit for
journey”. It was also one of the most negative perceptions: trip
duration emerged as not only the most important node, but also the
most negatively influential. This position suggests that trip duration
does not function in isolation but acts as a proxy for a broader set of
practical barriers. In other words, when participants evaluate a
journey as “too long,” they may also be responding to the waiting,

transferring, or additional effort involved.

Unlike other central nodes, which can sometimes have a
positive framing (e.g., ease of planning can attract people towards PT
if well designed), trip duration is almost always perceived negatively.
This asymmetry highlights an important behavioural tendency: time
loss acts as a strong deterrent, while positive attributes may not exert
a comparable pull.

These findings diverge slightly from much of the existing
literature. For example, reliability and frequency have frequently been
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identified as decisive factors (Diab et al., 2015; Tyrinopoulos &
Antoniou, 2020), yet in this study, they were central but not directly
significant. This suggests that users may conceptualise reliability and
waiting primarily in terms of their contribution to total journey length,
rather than as standalone considerations. The classic notion of a
“transfer penalty” (Guo & Wilson, 2004) also aligns with this
interpretation: transfers are disliked because they inflate both the
actual and perceived duration of a trip.

Trip duration, therefore, appears to capture the cumulative
impact of several different types of barriers, both objective (e.g.,
longer travel distances, additional transfers) and subjective (e.g.,
frustration from waiting, uncertainty when planning routes). As such,
it functions as a summary indicator of journey efficiency. From a
policy perspective, this suggests that interventions should not only
aim to reduce absolute travel times but also target the components
that inflate perceived duration. Reducing unnecessary transfers,
minimising waiting times through coordinated scheduling, and
improving last-mile connections would all serve to reduce the
perception of “long” journeys and thereby lower the most significant
barrier to PT adoption.

6.2.4. Recommendations

As explored in the introduction, this study aimed to identify the
barriers to public transport (PT) use that are most influential and
interrelated, in order to guide policy for sustainable urban mobility.
The network analysis highlighted trip duration, ease of planning,
route familiarity, number of transfers, bus stop wait, and reliability as
central factors in the system of barriers.
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Among these, trip duration was the only factor with a
statistically significant direct effect on mode switching, confirming it
as the primary target for policy intervention. The remaining nodes,
although not individually significant, are important because their
network connections indicate that they contribute to trip duration
and shape perceptions of PT. While more research could be
conducted into psychological and demographic factors, and more
targeted research is necessary for insights into the accessibility of PT
for different social groups, this research does broadly support a few
policy suggestions regarding the factors that are most likely to
influence the likelihood of adopting PT.

First, given the centrality and influence of trip duration, future
policy should aim to reduce overall trip duration. Although the
physical distance of a trip cannot always be shortened, the
experienced duration can be reduced by lowering the number of
transfers, minimising transfer waiting time, and providing more direct
or express routes. The strong edges linking trip duration to transfers
and bus stop wait support interventions such as synchronised
timetables, coordinated intermodal connections, and infrastructure
that shortens walking distances between modes. Considering that
trip duration is often extended by transfers (Guo and Wilson, 2004),
improving intermodal connections would make PT more attractive.
Equally, planners could synchronise timetables to reduce waiting at
bus stops, and invest in infrastructure (covered walkways, shorter
transfer distances, clearer signage) to make connections smoother.

Interventions to improve the reliability and frequency of
services are also supported by the present research. While not
significant in regression analysis, reliability and frequency occupy
central positions in the network and are linked to trip duration.
Targeted improvements in areas where long waits or unreliable
services inflate total trip time would likely have a substantial impact
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on people’s willingness to switch to PT. Practical steps include
integrated scheduling software, data-sharing agreements between
operators, and publishing real-time journey planning apps
(Brakewood et al., 2015; Watkins et al., 2011).

Finally, this study also supports policy interventions to improve
ease of planning and accessibility. Ease of planning and route
familiarity were also central nodes, indicating that psychological
effort, e.g., planning complexity and uncertainty, acts as a barrier
even when physical service is adequate. The network shows these
factors are connected to practical nodes (transfers, trip duration),
suggesting that better planning support can reduce both perceived
and actual journey costs. Policy should therefore prioritise
accessible digital tools (multimodal journey planners, real-time
apps) and clear analogue aids (standardised signage, simplified
maps), which directly target these nodes by lowering uncertainty and
cognitive load.

Together, these recommendations reflect the core insight of
this research: trip duration is the critical determinant of PT adoption,
and the most promising interventions are those that either shorten
actual journey times or weaken the connected factors that inflate
them. As such, policies that simultaneously address transfers,
waiting time, reliability, and planning complexity are most likely to
reduce the dominant barrier to PT adoption identified by this study.

6.2.5. Limitations

The first and foremost limitation of this research is the limited
sample size. Due to restrictions in the data collection window, only
101 participants took part in the survey, forming the completed
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network. With a larger sample size, more insights might have been
revealed from the network, and the accuracy of the network would
have improved significantly. Yet, this study has been invaluable in
demonstrating the value of future research in this area and the
generative potential of a network approach. A future study with a
larger sample size could generate novel insights for policymakers in
sustainability spaces.

Another significant limitation is that the relationships identified
within the network are not causal relationships and, therefore,
require further experimental investigation to determine causality.
This methodology, however, does represent a useful and highly
generative tool (Lengieza, Richardson, & Aviste, 2025; Lengieza,
Richardson, & Hughes, 2025) for identifying potential factors for
future investigation with higher-cost methods (e.g., RCTs). Itis also
practically untenable to use causal paradigms while still considering
all the decision-making factors as holistically as we do here.
Following from this research, future studies could explore causality
in more depth.

In terms of the survey design, there were a couple of
limitations. First, the survey relied on self-report measures —that is,
participants were required to self-report on how much different
factors were important in their decision-making. This reliance on self-
reported sorting tasks risks social desirability effects (e.g., sorting
carbon footprint as a very attractive factor when, in reality, this does
not feature in the participants’ decision-making). Second, the study
was designed around hypothetical scenarios, which may distort
survey responses. Participants were asked to respond based on
imagined journeys, not actual behaviour. This introduces
hypothetical bias, where reported barriers may not align with real-
world choices.
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Equally, the imagined scenarios do not consider participant
proximity to the destination. For example, one scenario asks
participants to imagine that they are going to a GP appointment.
However, this journey could greatly vary between participants based
on their proximity to a local GP practice. This makes the results more
difficult to generalise due to different routes participants might take.
To address these concerns, future research could incorporate field
experiments or naturalistic studies in which barriers are manipulated
(e.g., reduced fares, improved bus frequency, enhanced journey-
planning information) and subsequent mode choice is observed.

It is also worth addressing some limitations of the scope of
factors included in this study. This study has focused only on factors
that are informative for future policy. As such, psychological and
demographic factors have been excluded from the survey. However,
this has likely reduced ecological validity, as decisions about PT are
influenced by more than subjective service/practical barriers, which
this study has focussed on. Future research could extend the
network to include demographic and psychological factors, including
attitudes, norms, and identities, to see how they interact with
practical barriers. Such a study could give a unique, nuanced insight
into subjective barriers and their relationships. However, given that
this study was specifically for the purpose of informing policy, the
decision to exclude psychological and demographic factors is
justified based on a lack of immediate applicability of these findings.
This is not to suggest that they are not significant, nor that they
should be excluded from future research.

Finally, it is worth noting that this data is from a Western,
English-speaking country (i.e., the UK, County Durham). We selected
this context due to convenience (being based in Durham) and a
research focus on barriers to PT adoption in UK contexts. The goal of
this research was to aid in actionable UK sustainable policy.
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However, it should be noted that these findings may not generalise to
other cultural contexts or countries, as the quality and experience of
public transport varies widely between nations. The public transport
data mentioned in this paper are largely UK-specific. Further, this
research is limited even for UK insights; the data collection was
exclusively from the Durham area, which will not necessarily be
reflected across different UK counties. Accordingly, future research
could consider a greater geographic range of samples to explore
issues surrounding PT more holistically, encompassing a greater
range of perspectives.

7. Conclusion

This research is the first to attempt to model the subjective
barriers affecting public transport adoption using a network
approach. The most visible finding was that trip duration was the
most central and influential determinant of transport mode choice.
This indicates a negative bias towards PT adoption on the basis of
practicality. Equally, trip duration is well-connected to many other
factors within the network, including the number of transfers, bus
stop waiting time, fit for journey, and walk from the end. This
indicates that trip duration is significant as a factor, not only
individually, but also due to its connection with many other factors.
This is particularly important for policymakers; while trip duration
itself is not something that can be controlled with policy, influencing
factors such as ease and number of transfers and bus waiting times,
for example, can be improved with targeted policy. Further, this
research does seem to be consistent with much of the extant
literature under this analysis. While trip duration is the only factor
that seems significant in decision-making, this is likely only the
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biggest consideration due to other features of PT that it is connected
to within the network.
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