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ABSTRACT

Demand-responsive transport is proposed repeatedly as an answer to rural mobility, yet its record across service models, costs and
outcomes remains fragmented. This narrative review synthesizes the empirical, evaluative and modeling literature published between
2013 and 2024 on demand-responsive transport in rural and low-density areas. The literature describes a continuum of flexibility from
route deviation and feeder services to fully flexible door-to-door operations, and design choices govern both cost and uptake. Cost
comparisons indicate that demand-responsive transport outperforms fixed-route services only below low demand thresholds, and fi-
nancial viability depends on subsidy design and on a modest user willingness to pay. Usage outcomes show persistent weak acceptance
where expectations exceed the flexibility actually delivered, while the propensity to use is higher among groups with limited car access.
Demand-responsive transport is framed chiefly as an equity instrument and improves access to employment, education and services,
although it does not automatically reach the most disadvantaged. Institutional continuity and earmarked funding predict service sur-
vival. The review identifies consistent gaps in long-term outcome measurement and in the integration of demand-responsive transport
with wider rural mobility policy.

Keywords: demand-responsive transport; flexible transport services; rural areas; accessibility; public transport; transport costs.

RESUMEN

El transporte a la demanda se propone recurrentemente como respuesta a la movilidad rural, pero su balance en modelos, costos y
resultados sigue fragmentado. Esta revision narrativa sintetiza la literatura empirica, evaluativa y de modelado publicada entre 2013 y
2024 sobre este modo en zonas rurales y de baja densidad. La literatura describe un continuo de flexibilidad, de la desviacion de ruta a la
operacion puerta a puerta, y el disefio condiciona el costo y la adopcion. Las comparaciones de costos indican que este modo supera a la
ruta fija solo por debajo de umbrales de demanda bajos, y la viabilidad depende del subsidio y de una disposicién a pagar modesta. Los
resultados de uso muestran una aceptacion débil cuando las expectativas superan la flexibilidad entregada, y mayor propension entre
grupos con acceso limitado al automoévil. El transporte a la demanda se enmarca como instrumento de equidad y mejora el acceso al
empleo, la educacion y los servicios, aunque no llega a los mas desfavorecidos. La continuidad institucional y la financiacién afectada
predicen la supervivencia del servicio. La revision identifica vacios en la medicién de resultados a largo plazo y en la integracion con la
politica de movilidad rural.

Palabras clave: transporte a la demanda; transporte flexible; zonas rurales; accesibilidad; transporte publico; costos de transporte.

© 2024, The Authors. This Open access article is distributed under CC BY 4.0 licence.


https://orcid.org/0000-0001-5773-4628
mailto:pedro.valdez@uas.edu.mx
mailto:pedro.valdez@uas.edu.mx
http://www.southam.pub
https://crossmark.crossref.org/dialog/?doi=10.62486/tms2024131&domain=pdf
https://doi.org/10.62486/tms2024131

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2024;3:131

INTRODUCTION

Rural and low-density areas concentrate some of the most persistent transport disadvantages
in high-income and middle-income countries. Populations are scattered, distances to employment,
education and health services are long, and conventional fixed-route buses operate far below ca-
pacity on corridors where patronage cannot cover running costs.(1)

Car ownership has filled much of this gap, which leaves non-drivers, older adults, adolescents
and low-income households dependent on lifts, taxis or services that are absent after midday and
at weekends.(2)

The problem is structural rather than cyclical: demographic ageing and the withdrawal of
public services from peripheral settlements have reduced demand per kilometre while raising the
number of people who cannot supply their own mobility.(3)

Demand-responsive transport, often abbreviated as DRT, occupies the space between the
fixed bus and the private car. It groups services in which routes, timetables or vehicles adjust to
requests rather than following a fixed schedule, and it has been promoted for more than four de-
cades as an alternative where conventional public transport is not viable.(4)

The construct decomposes into three dimensions that structure this review: the service and
operational models used in practice, the costs and funding arrangements that determine whether a
scheme can be sustained, and the outcomes achieved in ridership, accessibility and equity. National
surveys of Great Britain and evaluations in Europe show that these dimensions interact: a change
in model alters unit cost, and unit cost decides whether a pilot becomes a permanent service.(5,6)

A new synthesis is timely for three reasons. Digital booking, mobile data and automated dis-
patch have lowered the transaction cost of matching passengers and vehicles, which has triggered
a wave of pilots in rural and peri-urban settings after a long period of decline.(7,8)Automated and
electric vehicles are now entering the planning literature as components of rural demand-respon-
sive systems, expanding the range of conceivable models.(9)

At the same time, the evidence base remains scattered across case studies, simulation expe-
riments and regional evaluations, and the reviews that exist concentrate on urban deployments
or on single countries, leaving the rural record unintegrated.(10,11)

This review therefore synthesizes the literature published between 2013 and 2024 on de-
mand-responsive transport in rural and low-density areas. Its objective is to characterize the mo-
dels, costs and outcomes reported in that literature, to identify the convergences and divergen-
ces among studies and to translate the findings into implications for rural mobility policy. Three
questions guide the synthesis: which service and operational models are documented and with
what planning tools, what do the studies report about costs and financial sustainability, and what
outcomes are reported for ridership, accessibility and equity.

DEVELOPMENT

The synthesis draws on 59 original studies and reviews distributed across the six dimensions,
together with complementary work used for context and comparison. Each dimension is presented
in the same order used in the Methods, and the principal findings are condensed in the summary
table (Table ).

Service and operational models

For this dimension, the literature describes demand-responsive transport not as a single
mode but as a continuum of flexibility whose endpoints are the fixed bus and the individual car.
Reviews of service configurations distinguish, from least to most flexible, route-deviation services
that follow a fixed schedule but leave the route to serve requested stops, feeder and zonal services
that connect dispersed origins to trunk corridors, and fully flexible door-to-door dial-a-ride ope-
rations in which vehicles are routed dynamically between requested origins and destinations.(4)

The organizing principle is the degree to which the route, the timetable or the vehicle remains
fixed, and each step toward flexibility transfers a share of the planning burden from the operator
to the booking system.(4)A study of rural riders in Tennessee found that deviated fixed-route and
demand-responsive services coexist with intercity buses as the three principal modes of rural public
transport, which confirms that flexibility is added incrementally to existing infrastructure rather
than substituted for it.(12)
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Table 1. Synthesis of findings by thematic dimension.

Dimension

Key findings

Representative evidence

Service and operational models

Continuum from route deviation to door-
to-door dial-a-ride; models chosen by
density and purpose

DRT configuration review (2024); Tennessee
rural modes (2017); Great Britain survey
(2014)

Planning tools and digital platforms

Simulation and optimization dominate;
mobile and geospatial data improve
demand estimation; algorithms extend to
electric and autonomous fleets

Agent-based design (2023); Switzerland
spatial demand (2023); rural dial-a-ride with
AV (2022)

Costs and financial sustainability

DRT beats fixed-route only below low
demand thresholds; fleet size, pooling
and automation drive cost; willingness to
pay is modest

Slovakia cost comparison (2023); fleet size
minimization (2021); willingness to pay
(2023)

Ridership and usage outcomes

Usage driven by flexibility, reliability and
fare; weak acceptance is recurring; higher
propensity among car-less groups

Rural determinants of use (2024);
acceptance dilemma (2022); students and
youth studies (2023-2024)

Accessibility, equity and social outcomes

DRT framed as equity instrument;
improves access to services and
employment; reach conditioned by fare
and eligibility

Multilayer accessibility (2020); employment
access (2022); Ligurian internal areas (2023)

Policy and governance

Continuity depends on institutional
funding; regulation treats DRT as
marginal; governance ranges from

Japan 50-project analysis (2024); rural PPP
Maa$s (2020); Canberra integration (2024)

procurement to PPP and Maa$S

The national survey of demand-responsive transport in Great Britain reached a similar con-
clusion at a larger scale, showing a long-standing and heterogeneous stock of services whose
common feature is that they operate where conventional buses cannot be justified.(5)

The design literature treats the choice of service model as the first and most consequential
decision. Guidelines for designing flexible services identify vehicle type, service area, booking hori-
zon and stop spacing as the parameters that jointly determine operating cost and service quality,
and they advise selecting the vehicle before fixing the routing rules because capacity and acces-
sibility follow from the vehicle.(13)

GlS-based methods extend the same logic to route planning, using road network and de-
mand data to identify cost-effective deviated fixed routes in rural areas.(14)A tool developed for
rural English services formalizes the redesign problem by quantifying how each flexibility parame-
ter changes vehicle-hours and passenger convenience, allowing operators to test configurations
before committing to a timetable.(15)

In relation to the fixed network, the recurring recommendation is that demand-responsive
services should complement rather than replace conventional lines. An assessment framework
applied to European and Australian cases found that DRT performs best as a feeder or gap-filler
that enlarges the catchment of rail and trunk bus services, and poorly when it duplicates a fixed
line that still carries concentrated demand.(6)

Flexible feeder route design has been developed to enhance accessibility in urban areas,
and its routing logic transfers to rural first-and-last-mile problems where densities are lower.(16)

The literature review on integrated passenger transport in rural areas reinforces this view,
concluding that integration with fixed services and with other modes is the condition under which
flexibility produces net benefits, and noting that integration is easier to recommend than to achieve
because rural scheduling is split across several authorities with separate budgets.(3)

The European record summarized in a twenty-year overview adds a caution: the population
served by DRT has remained narrow, concentrated among users without alternatives, and the stock
of services has not expanded in proportion to the policy attention it receives.(11)

Service quality studies from the same tradition argue that flexible services fail in rural areas
not because the concept is wrong but because the delivered flexibility falls short of what the
timetable promises, a point developed in the ridership dimension below.(17)

The design guidelines published at the start of the window already warned that flexibility
adds a coordination cost that only pays off when demand is both dispersed and predictable.(13)The
typology that organizes these models, their defining features and their typical rural applications is
presented in the next table (Table 2).
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Table 2. Typology of demand-responsive service models in rural settings.

Model

Defining features

Typical rural application

Evidence

Route deviation

Fixed schedule, off-route stops
served on request

Low-demand corridors with
dispersed stops

Tennessee rural modes (2017);
GIS route design (2016)

Feeder or connector

Collects dispersed trips to trunk
lines or stations

First and last mile to rail,
intercity or town services

Feeder design (2016); DRT as
complement (2018)

Semi-flexible zonal or
corridor

Bookable stops within defined
zones or corridors

Small towns and peri-urban
fringes

Peri-urban insights (2023)

Fully flexible door-to-
door

Dynamic routing between
requested origins and
destinations

Very low density, older and
disabled users

Great Britain survey (2014); fully
flexible DRT (2021)

Complementary and
integrated

DRT combined with shared,
active modes or hubs

Rural-urban connectivity and
hub-based networks

E-bike sharing and DRT (2021);
complementary services (2021)

Planning tools and digital platforms

The planning literature in this dimension is dominated by simulation and optimization rather
than by field experiment. Agent-based models are used to size fleets, to test service concepts and
to compare fixed and flexible operations before deployment; a study of small-sized cities shows
how such models translate local demand patterns into a preferred DRT configuration.(18)

These models are attractive to planners because they test a service against local demand
before any capital is commmitted, a capability that fixed-route planning lacked.(18)Demand predic-
tion has advanced in parallel, with graph-based learning models proposed to forecast regional
movement demand for demand-responsive services.(19)

For the urban-rural interface, clustering methods such as DBSCAN combined with K-means
are applied to reduce the operating cost and running time of demand-responsive services between
urban and rural stations.(20)

For this variable, the availability of new data sources has changed what can be planned.
Mobile network data combined with activity-based travel demand models allows rural demand to
be estimated where household travel surveys are scarce or outdated, and the approach has been
demonstrated for the introduction of emerging mobility services in rural areas.(21)

Spatial characteristics derived from geodata are used to predict DRT demand in rural Swit-
zerland, showing that settlement structure and accessibility to existing stops explain much of the
potential patronage before any service is launched.(22)

A GIS-based method for rural services extends this to optimization, evaluating potential DRT
service areas by their efficiency.(23)Conjoint analysis contributes the demand-side complement,
quantifying how rural users trade travel time, booking effort and fare when a flexible service is
proposed.(24)

The algorithmic core of the dimension remains the dial-a-ride problem and its rural variants.
Work on interrelated trips in the rural dial-a-ride problem incorporates the fact that rural households
chain several purposes into one journey, and it extends the formulation to autonomous vehicles.(25)

Electric vehicles appear in the same literature as a practical constraint on range and char-
ging, with findings from two German demand-responsive projects showing that vehicle range
and recharging schedules have to be designed into the service rather than added afterwards.(26)

Studies of rural Swiss train lines explore a different integration, in which self-driving cars re-
place or complement the bus leg of public transport, and they analyse how automation changes
the operation of those services.(9)

Across these studies, digital platforms are treated as the enabling infrastructure that makes
flexibility operable at low cost. The shift from telephone booking to app-based dispatch and au-
tomated routing is what distinguishes the current wave of pilots from the demand-responsive
services of the 1980s and 1990s, and the frameworks that connect low-density mobility challenges
to smart solutions place this digital layer at the centre of any rural scheme.(8)

The main limitation reported for this dimension is the gap between model performance
and field evidence: most algorithms are validated on synthetic instances, and few studies follow
a simulation into an operating service to confirm that the predicted efficiency materializes.(18)

That gap matters because the efficiency claims that justify public investment rest on syn-
thetic benchmarks, and a service that performs well in simulation can meet very different booking
behavior in the field.(18,24)

https://doi.org/10.62486/tms2024131 4


https://doi.org/10.62486/tms2024131

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2024;3:131

Costs, funding and financial sustainability

On the cost dimension, the central question in the literature is the demand threshold below
which flexible operation becomes cheaper than a fixed route. A comparison of operational costs
for fixed-route bus and demand-responsive services in the Kosice region of Slovakia concludes that
DRT is the lower-cost option only where demand is sparse, while the fixed route remains cheaper
above that threshold.(27)

A feasibility analysis based on operating cost functions reaches the same result for Korean
provincial cities, where declining populations have pushed rural route buses below the demand
that justifies their schedules.(28)

The economic assessment of replacing conventional transit with DRT in low-to-medium
density areas adds the socioeconomic dimension, showing that the switch changes operator cost
as well as user travel time and accessibility, so the three must be weighed together before a line
is converted.(29)

Cost is highly sensitive to three design parameters: fleet size, pooling rate and vehicle au-
tomation. Optimization of fleet size for shared demand-responsive systems shows that total cost
minimization yields markedly different fleets depending on whether vehicles are human-driven
or automated, because automation removes the largest single operating cost, the driver.(30)Au-
tomation therefore shifts the threshold at which flexibility becomes affordable, but it does not
remove the demand constraint, because empty automated vehicles still consume energy and
add to network load.(30)

The efficiency of ride sharing, quantified for pooled on-demand services, indicates that the
share of trips that can actually be shared at acceptable detour is a binding constraint on unit cost.
(31)

Performance evaluation of DRT services with a two-stage bootstrap and data envelopment
analysis confirms that services with similar demand differ substantially in efficiency, implying that
management and network design, not only geography, explain part of the cost dispersion.(32)

A redesign tool for rural flexible services operationalizes the same point by identifying the
configurations in which vehicle-hours can be removed without degrading user convenience.(33)

The revenue side of the dimension is dominated by willingness-to-pay studies, and their mes-
sage is consistent: rural users accept the concept but are willing to pay modest amounts. A study
in the Kosice and Presov regions of East Slovakia estimates the willingness to pay for DRT and finds
it sufficient to cover a limited share of operating cost, leaving a structural subsidy requirement.(34)

An assessment of policy decisions for a demand-responsive system for persons with disabili-
ties shows how fare levels, eligibility rules and service area all change the resource requirements of
the same scheme, which means the subsidy is a policy choice as much as an efficiency outcome.(35)

Funding arrangements are the dimension’s least studied element, and the evidence that
exists points to instability. Impact assessments of rural public-private partnership and mobili-
ty-as-a-service pilots report positive intermediate outcomes but short evaluation horizons, so their
durability beyond the pilot phase remains open.(36)

An analysis of 50 mobility-as-a-service projects in regional and rural Japan identifies the
factors that predict continuation and finds that institutional funding and a defined local owner
matter more than technological readiness.(37)

The convergence across these studies is that demand-responsive services do not cover their
operating costs from fares alone in the rural settings examined, and that the decisive variable is
not the unit cost of a trip but the continuity of the public commmitment that pays for it.(29)

A DRT scheme should therefore be budgeted as a permanent accessibility service rather
than as a temporary pilot, because the conditions that make it necessary do not disappear.(37)

Ridership and usage outcomes

The usage literature separates what predicts use from what predicts acceptance, and the two
do not always coincide. A study of determinants of usage and satisfaction with rural demand-res-
ponsive systems finds that actual use is explained by service attributes such as flexibility, reliability,
travel time and fare, rather than by socio-demographic profile alone.(38)

Service attributes can be measured and, in principle, managed, whereas demographic profiles
are given, which is why the determinants literature is read as a checklist for service design rather
than for user targeting.(38)

A case study of flexible transport patronage in urban and rural New South Wales supports
this, showing that the same service performs differently across settings and that local frequency
and connectivity drive the differences.(39)
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An analysis of demand-response transit in small Tennessee areas adds the demographic
layer, documenting that age and gender pattern both travel and accessibility in ways that a single
aggregated ridership count hides.(40)

The most consistent negative finding is weak user acceptance. A study of rural DRT in Ger-
many describes the dilemma explicitly: users expect a level of flexibility that the service, once ope-
rational, does not deliver, and this gap between expectation and delivery erodes trust and repeat
use.(41)The implication is examined directly in a study that asks how much flexibility rural public
transport actually needs, using a fully flexible DRT system, and concludes that the marginal benefit
of additional flexibility diminishes while the cost of the promise rises.(42)

The pattern is consistent across Germany, the Nordic countries and Great Britain, which
suggests that the acceptance problem is a property of the service concept rather than of a single
operator.(41,43)These results explain why services launched with strong political support can sta-
bilize at low patronage even where the population is objectively transport-poor.

Propensity to use is higher and more stable among groups with limited car access. Studies
of students in rural Germany, of young people in Sweden and of potentially less mobile persons in
central Germany converge on the finding that those who cannot drive, or cannot afford to drive,
are the most willing adopters, provided the service matches their travel purposes and hours.(44-46)

A stated-intention study of the rural population reaches the same conclusion, identifying
behavioral intention to use DRT as a function of perceived usefulness and ease rather than of in-
come alone.(47)

The classic Lincolnshire study of propensity to travel by demand-responsive transport showed,
earlier in the window, that the practicalities of booking and the fit with daily routines are the filters
through which potential demand becomes actual use.(43)

In simulation and case studies, the counterweight to the acceptance problem appears, be-
cause these report patronage gains when the comparison is made against an underused fixed
service. A simulation study in Lolland, Denmark, finds that DRT can improve service in low-demand
rural areas where regular bus lines are expensive to maintain.(48)

Peri-urban experiences add the insight that DRT performs differently in the urban fringe
than in either the city or the deep countryside, which cautions against transferring results across
densities.(49)

A case study of shared automated demand-responsive transport in Jerusalem reports mo-
dal shift potential for such services.(50)The overview of DRT users in Europe closes the dimension
by observing that, despite these positive results, the user base has remained narrow across two
decades, a gap the policy dimension addresses.(11)

Accessibility, equity and social outcomes

The accessibility literature frames DRT first as an equity instrument and only second as an
efficiency measure. A multilayer approach to rural accessibility argues that the scattered structure
of rural settlement makes conventional network planning insufficient and that flexible services are
one of several layers needed to close the access gap.(1)

The multilayer framing matters because it positions DRT as one instrument among several,
to be combined with land-use measures, digital services and basic infrastructure, rather than as
a substitute for them.(1)

The search for sustainable and inclusive mobility solutions in rural areas reaches the same
conclusion, treating social inclusion as the criterion against which any novel mobility scheme
should be judged.(2)Strategies for inner and marginal areas in Italy locate DRT within a wider set
of measures for accessibility in territories that have lost population and services.(51)

The outcome evidence concentrates on access to employment, education and services. A
study of perceived accessibility of employment sites by jobseekers finds that employer-subsidised
DRT can materially improve the commute for workers whom fixed transit does not reach, and that
the subsidy changes the accessibility calculus of the job itself.(52)

The Ligurian internal areas project treats DRT explicitly as an instrument against social ex-
clusion, redesigning accessibility in territories where scheduled services had been withdrawn.(53)
A contribution on combining public transport with DRT applies the same logic to rural quality of
life, treating the two services as complements.(54)

Integration with active modes and hubs is the main amplifier of benefits in this dimension.
The combination of e-bike-sharing and DRT in the Slovenian town of Velenje demonstrates that
a flexible vehicle service and a shared active mode solve different parts of the same journey, and
that their pairing extends the reach of both.(55)
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Complementary mobility services for rural-urban connectivity develop the same argument at
regional scale, showing that flexible services, shared mobility and hubs form a system rather than a
menu of isolated options.(56)The framework applied to Estonian municipalities connects low-den-
sity mobility challenges to smart mobility solutions and organizes them around local needs.(8)

The equity caveat in this dimension is that DRT does not automatically reach the most di-
sadvantaged. Preferences of Dutch older adults toward a smart demand-responsive service show
that design features, and in particular the booking interface and the level of assistance, determine
whether an older user can actually use the service, rather than only whether the service exists.(57)

The assessment of policy decisions for persons with disabilities demonstrates that eligibility
and fare rules, not the routing algorithm, decide who benefits.(35)A sustainability assessment of
incentive-driven shared on-demand systems in rural settings formalizes the point by requiring
societal benefits to be weighed against costs.(58)

Designing for equity therefore requires a defined target population and a monitoring indica-
tor, because a service that improves average accessibility can still leave the least mobile behind.(58)
The dimension converges on a conditional claim: DRT improves rural accessibility when fare, eligi-
bility and integration are designed for it, and not as an automatic consequence of flexible routing.

Policy and governance

The policy literature is thinner than the others but unusually consistent. The Japanese analysis
of 50 mobility-as-a-service projects in regional and rural areas is the strongest single source, and
it finds that continuation depends on institutional factors, especially stable local ownership and
earmarked funding, rather than on the sophistication of the technology.(37)

Empirical recommendations from Japanese case studies generalize the point into guidance
for sustainable innovative mobility in rural areas, centred on local ownership and realistic demand
assumptions.(59)

The regulatory environment is described as the main constraint on scaling in this dimension.
Strategies for inner and marginal areas in Italy note that DRT remains governed as an experimental
or marginal service, with procurement rules and concession models designed for fixed routes and
poorly suited to flexible operation.(51)

The Canberra study of integrated DRT in low-demand areas shows the same friction in a
different institutional setting, where a flexible service had to be integrated into an existing fixed
network.(60)

Governance models range from direct public procurement through public-private partner-
ships to platform-based mobility-as-a-service arrangements, and each distributes risk and equity
differently. Impact assessments of rural public-private partnership pilots report that private part-
ners can deliver the service efficiently but that public objectives, including coverage of the least
profitable areas, must be written into the contract or they will be traded away.(36)

A demand-responsive public transport proposal for a spatially scattered population in a de-
veloping country illustrates the opposite configuration, in which the public authority remains the
operator because no private actor will serve the territory at all.(61)

That case is a reminder that the governance debate assumes a functioning public authority,
which is not always present, and that where it is weak the same flexible technology serves different
purposes and different users.(61)

The transferability lesson that closes the dimension is the least satisfying for policy but the
most honest in the literature: context dominates. The studies repeatedly recommend design that
starts from local demand, settlement structure and institutional capacity, and they caution against
importing a model that worked elsewhere without re-estimating the underlying assumptions.
(59,60)

Replication should therefore transfer the design method, not the design itself.(59)The conver-
gence across all six dimensions is that demand-responsive transport is a family of context-specific
solutions rather than a single technology, and that its costs and outcomes are decided by design
and governance choices as much as by geography.

DISCUSSION

This review set out to characterize the models, costs and outcomes of demand-responsive
transport in rural and low-density areas and to identify the convergences, divergences and gaps
in the evidence. The synthesis supports three integrated readings. First, the service model con-
tinuum, from route deviation to fully flexible door-to-door operation, is well established, and the
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choice among models is the first determinant of both cost and uptake.(4,13)

Second, the cost advantage of flexibility is conditional: demand-responsive transport un-
dercuts the fixed route only below low demand thresholds, and its viability then rests on subsidy
continuity and on a willingness to pay that is consistently modest.(27,34)

Third, the outcomes are asymmetric across dimensions, with repeated evidence of weak
user acceptance and narrow user bases set against a strong accessibility and equity rationale that
is more asserted than measured.(1,41)

The comparison with previous reviews shows substantial agreement on the descriptive facts
and a divergence on emphasis. The survey of demand-responsive transport in Great Britain docu-
mented a long-standing, heterogeneous stock of services concentrated in low-demand areas, a
picture that the twenty-year European overview of DRT users confirms and extends to the obser-
vation that the user base has remained narrow.(5,11)

Reviews of integrated rural passenger transport reach the same conclusion about the com-
plementarity of flexible and fixed services.(3)Where this review differs is in the weight assigned
to the cost and acceptance findings: urban systematic reviews of DRT emphasize technological
potential and stakeholder alignment, whereas the rural record emphasizes the persistence of low
patronage and the fragility of funding.(10)

The most plausible explanation is contextual rather than methodological. Urban DRT rides
on higher density, which raises the share of trips that can be pooled, while rural schemes operate
where the share of shareable trips is lowest; the quantification of ride-sharing efficiency shows how
binding that share is for unit cost.(31)

The same density logic explains a secondary divergence: urban reviews treat automated
vehicles as the next step in service evolution, whereas the rural literature treats automation as a
way to lower a cost threshold without changing the demand-side problem.(9)

The three readings can be assembled into a simple evaluative logic. A scheme is more likely to
survive when its service model matches the local density structure, when its budget treats subsidy
as a permanent line rather than a launch cost, and when its evaluation measures accessibility for
a defined target population rather than trips alone.

The cases that report success, such as the integrated Canberra service and the complemen-
tary rural-urban schemes, satisfy most of these conditions, while the cases of weak acceptance
violate the first by promising more flexibility than the operating plan can honor.(41,56,60)This logic
is not tested explicitly anywhere in the literature, which makes it a hypothesis for future work rather
than a settled finding.

Several mechanisms reconcile the otherwise contradictory findings on acceptance and equity.
The discrepancy between stated intention and actual use appears to arise from a gap between the
flexibility promised at launch and the flexibility delivered in operation, a mechanism documented in
the German dilemma study and in the analysis of how much flexibility rural transport needs.(41,42)

The strong propensity among car-less groups, by contrast, reflects the absence of alterna-
tives rather than enthusiasm for the service itself, which explains why willingness to pay remains
modest even among the groups who most need the service.(34,46)

The integration findings point to a third mechanism: accessibility gains are amplified when
DRT is coupled to active modes and hubs, because the flexible vehicle solves the last-mile problem
while the shared mode solves the first-and-last link.(55,56)

These mechanisms are mutually reinforcing and jointly imply that a scheme’s outcome is de-
cided more by its design and institutional embedding than by the routing technology it deploys.(8)

The strengths of this review lie in its explicit dimension structure, which forces each claim to
be located in the model, cost or outcome literature, and in its restriction to a defined publication
window that captures the digital-era revival of demand-responsive transport. The assignment of
each study to one dimension also makes visible which claims rest on several independent sources
and which rest on a single case, a distinction that matters when findings are translated into policy.
The main limitations follow from the same design choices and are stated explicitly.

The selection was not systematic and drew on three databases with English-language ma-
terial, which under-represents non-English evaluations of rural schemes in continental Europe
and Asia and may omit unpublished pilot reports where negative results concentrate. A formal
risk-of-bias assessment was not applied, so the weight of individual studies rests on the reading
of their abstracts and reported conclusions rather than on a standardized instrument. Publication
bias plausibly inflates the share of positive pilot outcomes, because schemes that fail quickly are
less likely to reach the literature. Each limitation carries a remedy that future work could adopt: a
multilingual search protocol, a standardized appraisal of study quality, and a registry or grey-lite-
rature search for discontinued schemes.
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The practical implications follow from the three integrated readings. Planners should treat
the choice of service model as a cost and uptake decision made before procurement, using simu-
lation and geodata to size the service rather than importing a template.(18,23)

Funding agencies should plan for a structural subsidy and should evaluate continuation
criteria, not only launch outcomes, because the decisive predictor of survival is the continuity of
public commitment.(36,37)

Operators should calibrate the flexibility they promise to the flexibility they can deliver, be-
cause expectation gaps are the most consistent source of weak acceptance.(41)Authorities that
pursue DRT as an equity measure should design fares, eligibility and integration with active modes
explicitly, since none of those benefits materializes automatically from flexible routing.(35,57)

Where the service is intended to support ageing populations, the booking interface and the
level of human assistance should be treated as core design requirements, because they determine
whether the service is usable by the people it targets.(57)

The research agenda that emerges is concrete. Long-term outcome measurement is the
largest gap: most studies stop at pilot launch or at a single patronage count, and the field lacks
repeated measures of accessibility, employment and social participation attributable to a service.
The second gap is comparative evaluation of governance models, which the literature treats almost
entirely through single-country case studies.

The third is the transfer of algorithmic results into field operation, since the planning lite-
rature validates its models on synthetic instances and rarely follows a service from simulation to
sustained operation.(18)

A fourth, cross-cutting gap concerns the evaluation of equity outcomes, which are invoked
more frequently than they are measured and which require indicators beyond trip counts, such
as changes in realized access to employment and services for defined groups.(1,58)Closing these
gaps would convert a literature that is rich in cases and models but thin in evidence of outcome
into the evidentiary base that rural mobility policy currently lacks.

CONCLUSIONS

The literature between 2013 and 2024 characterizes demand-responsive transport in rural
areas as a continuum of service models, from route deviation and feeders to fully flexible dial-a-
ride, whose choice determines both operating cost and user uptake. The cost evidence shows that
flexible operation beats the fixed route only below low demand thresholds and that financial sus-
tainability depends on stable subsidy and on a modest willingness to pay. The outcome evidence
is asymmetric, with persistent weak acceptance and narrow user bases set against a strong but
under-measured accessibility and equity rationale. Policy and governance conditions, above all
institutional continuity and earmarked funding, predict which services survive, while regulation
still treats demand-responsive transport as a marginal mode.

https://doi.org/10.62486/tms2024131 9


https://doi.org/10.62486/tms2024131

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2024;3:131

REFERENCES

1. Vitale Brovarone E, Cotella G. Improving Rural Accessibility: A Multilayer Approach. Sustainability.
2020;12(7):2876. doi: 10.3390/su12072876

2. Poltimae H, Rehema M, Raun J, Poom A. In search of sustainable and inclusive mobility solutions for rural
areas. Eur Transp Res Rev. 2022;14(1):13. doi: 10.1186/512544-022-00536-3

3. Mareti¢ B, Abramovi¢ B. Integrated Passenger Transport System in Rural Areas — A Literature Review. PROM-
TT. 2020;32(6):863-873. doi: 10.7307/ptt.v32i6.3565

4. Dauer A, Dias TG, de Sousa JP, Prata BDA. Configurations and features of demand responsive transports.
Transportation Research Procedia. 2024:78:71-78. doi: 10.1016/].trpro.2024.02.010

5. Davison L, Enoch M, Ryley T, Quddus M, Wang C. A survey of Demand Responsive Transport in Great Britain.
Transport Policy. 2014;31:47-54. doi: 10.1016/j.tranpol.2013.11.004

6. Alonso-Gonzalez MJ, Liu T, Cats O, Van Oort N, Hoogendoorn S. The Potential of Demand-Responsive
Transport as a Complement to Public Transport: An Assessment Framework and an Empirical Evaluation.
Transportation Research Record: Journal of the Transportation Research Board. 2018;2672(8):879-889. doi:
10.1177/0361198118 790842

7. Butler L, Yigitcanlar T, Paz A. Smart Urban Mobility Innovations: A Comprehensive Review and Evaluation.
IEEE Access. 2020;8:196034-196049. doi: 10.1109/access.2020.3034596

8. Agriesti SAM, Soe RM, Saif MA. Framework for connecting the mobility challenges in low density areas
to smart mobility solutions: the case study of Estonian municipalities. Eur Transp Res Rev. 2022;14(1):32. doi:
10.1186/512544-022-00557-y

9. Sieber L, Ruch C, Horl S, Axhausen KW, Frazzoli E. Improved public transportation in rural areas with self-dri-
ving cars: A study on the operation of Swiss train lines. Transportation Research Part A: Policy and Practice.
2020;134:35-51. doi: 10.1016/j.tra.2020.01.020

10. Buics L, Prayogo A, Balassa BE. The Role of Demand-Responsive Transport Systems in Sustainable Urban
Mobility: A Systematic Literature Review and Stakeholder Analysis. SMTS 2024. 2024;79(1):40. doi: 10.3390/
engproc2024079040

1. Campisi T, Cocuzza E, Ignaccolo M, Inturri G, Tesoriere G, Canale A. Detailing DRT users in Europe over
the last twenty years: a literature overview. Transportation Research Procedia. 2023;69:727-734. doi: 10.1016/].
trpro.2023.02.229

12. Yang H, Cherry CR. Use characteristics and demographics of rural transit riders: a case study in Tennessee.
Transportation Planning and Technology. 2017;40(2):213-227. doi: 10.1080/03081060.2016.1266168

13. Wright S. Designing flexible transport services: guidelines for choosing the vehicle type. Transportation
Planning and Technology. 2013;36(1):76-92. doi: 10.1080/03081060.2012.745757

14. Yang H, Cherry CR, Zaretzki R, Ryerson MS, Liu X, Fu Z. A GIS-based method to identify cost-effective rou-
tes for rural deviated fixed route transit. J of Advced Transportation. 2016;50(8):1770-1784. doi: 10.1002/atr.1428
15. Emele CD, Wright S, Mounce R, Zeng C, Nelson JD. A Visualisation Tool for Planning Passenger Transport
Services in Rural and Low-Demand Settings. In: Paratransit: Shaping the Flexible Transport Future. Emerald
Group Publishing Limited; 2016. p. 103-125. doi: 10.1108/5s2044-994120160000008006

16. Lu X, Yu J, Yang X, Pan S, Zou N. Flexible feeder transit route design to enhance service accessibility in urban
area. J of Advced Transportation. 2016;50(4):507-521. doi: 10.1002/atr.1357

17. Saeed K, Kurauchi F. Enhancing the Service Quality of Transit Systems in Rural Areas by Flexible Transport
Services. Transportation Research Procedia. 2015;10:514-523. doi: 10.1016/j.trpro.2015.09.005

18. Calabro G, Pira ML, Giuffrida N, Inturri G, Ignaccolo M, Correia GHDA. Designing demand responsive trans-
port services in small-sized cities using an agent-based model. Transportation Research Procedia. 2023;69:759-
766. doi: 10.1016/j.trpro.2023.02.233

19. Lee E, Choi H, Kim DG. PGDRT: Prediction Demand Based on Graph Convolutional Network for Regional De-
mand-Responsive Transport. Journal of Advanced Transportation. 2023;2023(1):7152010. doi: 10.1155/2023/7152010
20. Li P,Jiang L, Zhang S, Jiang X. Demand Response Transit Scheduling Research Based on Urban and Rural
Transportation Station Optimization. Sustainability. 2022;14(20):13328. doi: 10.3390/su142013328

21. Franco P, Kaba D, Close S, Jundi S. Introduction of emerging mobility services in rural areas through the
use of mobile network data combined with activity-based travel demand modelling. IET Intelligent Trans Sys.
2023:17(8):1509-1524. doi: 10.1049/itr2.12339

22. Imhof S, Blattler K. Assessing spatial characteristics to predict DRT demand in rural Switzerland. Research
in Transportation Economics. 2023:99:101301. doi: 10.1016/j.retrec.2023.101301

23. Tejero-Beteta C, Moyano A, Sdnchez-Cambronero S. Factors Influencing the Efficiency of Demand-Respon-
sive Transport Services in Rural Areas: A GIS-Based Method for Optimising and Evaluating Potential Services.
13GI. 2024;13(8):275. doi: 10.3390/ijgi13080275

24. Tsoukanelis A, Genitsaris E, Nalmpantis D, Naniopoulos A. Conjoint Analysis for the Optimization of a Po-
tential Flexible Transport Service (FTS) in the Region of Zagori, Greece. In: Advances in Intelligent Systems and
Computing. Springer International Publishing; 2019. p. 478-486. doi: 10.1007/978-3-030-02305-8_58
25.Johnsen LC, Meisel F. Interrelated trips in the rural dial-a-ride problem with autonomous vehicles. European
Journal of Operational Research. 2022;303(1):201-219. doi: 10.1016/j.ejor.2022.02.021

26. Camacho Alcocer D, Krams B, Korner M, Hantsch F, Martin U, Herzwurm G. Electric Vehicles in Rural De-
mand-Responsive Systems: Findings of Two Demand Responsive Transport Projects for the Improvement of
Service Provision. WEVJ. 2018;9(2):32. doi: 10.3390/wevj9020032

https://doi.org/10.62486/tms2024131 10


https://doi.org/10.62486/tms2024131

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2024;3:131

27. Stofa T, Dzupka P, Drab R. Comparison of Operational Costs for Fixed-Route Bus Service and Demand
Responsive Transport Systems. The Case of Kosice Region - Slovakia. Komunikacie. 2023;25(1):A61-A72. doi:
10.26552/com.c.2023.015

28. Park K3J, Jung HY, Jeon SM. Feasibility Analysis of Demand Response Transport (DRT) over Route Buses
Using Operating Cost Functions. KSCE Journal of Civil Engineering. 2021:25(11):4417-4424. doi: 10.1007/s12205-
021-1550-3

29. Berrada J, Poulhés A. Economic and socioeconomic assessment of replacing conventional public transit
with demand responsive transit services in low-to-medium density areas. Transportation Research Part A:
Policy and Practice. 2021,150:317-334. doi: 10.1016/j.tra.2021.06.008

30. Militdo AM, Tirachini A. Optimal fleet size for a shared demand-responsive transport system with human-dri-
ven vs automated vehicles: A total cost minimization approach. Transportation Research Part A: Policy and
Practice. 2021;151:52-80. doi: 10.1016/j.tra.2021.07.004

31. Ruch C, Lu C, Sieber L, Frazzoli E. Quantifying the Efficiency of Ride Sharing. IEEE Trans Intell Transport
Syst. 2021;22(9):5811-5816. doi: 10.1109/tits.2020.2990202

32.Yen BTH, Mulley C, Yeh CJ. Performance evaluation for demand responsive transport services: A two-stage
bootstrap-DEA and ordinary least square approach. Research in Transportation Business &amp; Management.
2023;46:100869. doi: 10.1016/j.rtbm.2022.100869

33. Mounce R, Wright S, Emele CD, Zeng C, Nelson ID. A tool to aid redesign of flexible transport servi-
ces to increase efficiency in rural transport service provision. Journal of Intelligent Transportation Systems.
2018;22(2):175-185. doi: 10.1080/15472450.2017.1410062

34. GROF M, DZUPKA P, DRAB R. WILLINGNESS TO PAY FOR DEMAND RESPONSIVE TRANSPORT IN EAST
SLOVAKIAN RURAL AREAS. TP. 2023:18(2):133-145. doi: 10.20858/tp.2023.18.2.12

35.Neven A, Braekers K, Declercq K, Wets G, Janssens D, Bellemans T. Assessing the impact of different policy
decisions on the resource requirements of a Demand Responsive Transport system for persons with disabi-
lities. Transport Policy. 2015:44:48-57. doi: 10.1016/j.tranpol.2015.06.011

36. Eckhardt J, Lauhkonen A, Aapaoja A. Impact assessment of rural PPP Maas pilots. Eur Transp Res Rev.
2020;12(1):49. doi: 10.1186/512544-020-00443-5

37.Chiba T, Abe R. Factors affecting continuation of Mobility as a Service projects in regional and rural areas:
An analysis of 50 projects in Japan. Research in Transportation Business & mp; Management. 2024;57:101226.
doi: 10.1016/j.rtbm.2024.101226

38. Ckavra R, Susilo YO, Klementschitz R. Determinants of Usage and Satisfaction with Demand Responsive
Transport Systems in Rural Areas. Transportation Research Record: Journal of the Transportation Research
Board. 2024;2678(6):667-680. doi: 10.1177/03611981231198834

39. Loyola M, Nelson JD, Clifton G, Ho CQ. Factors influencing the patronage of flexible transport in urban and
rural areas. A case study in NSW, Australia. Research in Transportation Economics. 2023:99:101295. doi: 10.1016/j.
retrec.2023.101295

40. Guo J, Mishra S, Brakewood C. Analyzing gender and age differences in travel patterns and accessibility
for demand response transit in small urban areas: A case study of Tennessee. JTLU. 2024;17(1):675-706. doi:
10.5198/jtlu.2024.2454

41. Schasché SE, Sposato RG, Hampl N. The dilemma of demand-responsive transport services in rural
areas: Conflicting expectations and weak user acceptance. Transport Policy. 2022;126:43-54. doi: 10.1016/j.
tranpol.2022.06.015

42. Sorensen L, Bossert A, Jokinen JP, SchlUter J. How much flexibility does rural public transport need? —
Implications from a fully flexible DRT system. Transport Policy. 2021;100:5-20. doi: 10.1016/j.tranpol.2020.09.005
43, Wang C, Quddus M, Enoch M, Ryley T, Davison L. Exploring the propensity to travel by demand responsive
transport in the rural area of Lincolnshire in England. Case Studies on Transport Policy. 2015;3(2):129-136. doi:
10.1016/j.cstp.2014.12.006

44, Lu C, Maciejewski M, Wu H, Nagel K. Demand-responsive transport for students in rural areas: A case study
in Vulkaneifel, Germany. Transportation Research Part A: Policy and Practice. 2023;178:103837. doi: 10.1016/].
tra.2023.103837

45. Zhao C, Xue M, Hamidi Z. Potential of demand responsive transport for young people in Sweden. Trans-
portation Research Part A: Policy and Practice. 2024;184:104093. doi: 10.1016/j.tra.2024.104093

46. Knierim L, SchlUter JC. The attitude of potentially less mobile people towards demand responsive trans-
port in a rural area in central Germany. Journal of Transport Geography. 2021:96:103202. doi: 10.1016/j.jtran-
ge0.2021.103202

47. Schasché SE, Wankmuller C, Hampl N. Understanding the behavioral intention of the rural population to use
demand-responsive transport services. Transportation Research Interdisciplinary Perspectives. 2023;22:100984.
doi: 10.1016/j.trip.2023.100984

48. Dytckov S, Persson JA, Lorig F, Davidsson P. Potential Benefits of Demand Responsive Transport in Rural
Areas: A Simulation Study in Lolland, Denmark. Sustainability. 2022;14(6):3252. doi: 10.3390/su14063252

49. Thao VT, Imhof S, von Arx W. Demand responsive transport: New insights from peri-urban experiences.
Travel Behaviour and Society. 2023:31:141-150. doi: 10.1016/j.tbs.2022.11.012

50. Ben-Dor G, Ogulenko A, Klein I, Benenson I. Modal Shift and Shared Automated Demand-Responsive Trans-
port: A Case Study of Jerusalem. Procedia Computer Science. 2022;201(C):581-586. doi: 10.1016/].procs.2022.03.075
51. Cirianni FMM, Leonardi G, Luongo AS. Strategies and Measures for a Sustainable Accessibility and Effecti-
ve Transport Services in Inner and Marginal Areas: The Italian Experience. In: Lecture Notes in Networks and
Systems. Springer International Publishing; 2022. p. 363-376. doi: 10.1007/978-3-031-06825-6_35

https://doi.org/10.62486/tms2024131 il


https://doi.org/10.62486/tms2024131

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2024;3:131

52. Calvert T, Crawford F, Parkhurst G, Parkin J. Perceived accessibility of employment sites by jobseekers and
the potential relevance of employer-subsidised demand responsive transport to enhance the commute. Cities.
2022;130:103872. doi: 10.1016/j.cities.2022.103872

53. Delponte |, Costa V. Ligurian Internal Areas and Demand Responsive Transport: an innovative approach to
tackle social exclusion and to re-design sustainable accessibility. Transportation Research Procedia. 2023;69:179-
186. doi: 10.1016/j.trpro.2023.02.160

54. Lieszkovszky JP, Tordai D, Horcher D, Fleischer T, Munkacsy A. Improving Rural Quality of Life by Combi-
ning Public Transportation with Demand Responsive Transport Systems. In: Strengthening European Mobility
Policy. Springer Nature Switzerland; 2024. p. 73-85. doi: 10.1007/978-3-031-67936-0_6

55. Bruzzone F, Scorrano M, Nocera S. The combination of e-bike-sharing and demand-responsive transport
systems in rural areas: A case study of Velenje. Research in Transportation Business &amp; Management.
2021;40:100570. doi: 10.1016/j.rtbm.2020.100570

56. Bauchinger L, Reichenberger A, Goodwin-Hawkins B, Kobal J, Hrabar M, OedI-Wieser T. Developing Sus-
tainable and Flexible Rural-Urban Connectivity through Complementary Mobility Services. Sustainability.
2021;13(3):1280. doi: 10.3390/su13031280

57. Jittrapirom P, van Neerven W, Martens K, Trampe D, Meurs H. The Dutch elderly’s preferences toward
a smart demand-responsive transport service. Research in Transportation Business &amp; Management.
2019;30:100383. doi: 10.1016/j.rtbm.2019.100383

58. Heinitz F. Sustainable development assessment of incentive-driven shared on-demand mobility systems
in rural settings. Eur Transp Res Rev. 2022;14(1):38. doi: 10.1186/512544-022-00565-y

59. Fujisaki K, Yasuda T, Ishigami T, Makimura K, Ishida H. Empirical recommendations based on case studies
in Japan for sustainable innovative mobility in rural areas. Asian Transport Studies. 2022;8:100079. doi: 10.1016/].
eastsj.2022.100079

60. Mortazavi A, Ghasri M, Ray T. Integrated Demand Responsive transport in Low-Demand Areas: A case
study of Canberra, Australia. Transportation Research Part D: Transport and Environment. 2024;127:104036.
doi: 10.1016/j.trd.2023.104036

61. Anburuvel A, Perera WULDP, Randeniya RDSS. A demand responsive public transport for a spatially sca-
ttered population in a developing country. Case Studies on Transport Policy. 2022:10(1):187-197. doi: 10.1016/].
cstp.2021.12.001

https://doi.org/10.62486/tms2024131 12


https://doi.org/10.62486/tms2024131

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2024;3:131

FUNDING

No financing

CONFLICT OF INTEREST

None

AUTHORSHIP CONTRIBUTIONS

Drafting — original draft: Pedro Antonio Valdez Lizarraga.
Writing-review and editing: Pedro Antonio Valdez Lizarraga.

https://doi.org/10.62486/tms2024131 13


https://doi.org/10.62486/tms2024131

	Demand-responsive transport in rural and low-density areas: models, costs and outcomes
	INTRODUCTION
	DEVELOPMENT
	Service and operational models
	Planning tools and digital platforms
	Costs, funding and financial sustainability
	Ridership and usage outcomes
	Policy and governance

	DISCUSSION
	CONCLUSIONS
	References
	Funding
	Conflict of interest
	Authorship contributions


