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Abstract

As cities worldwide face challenges of rapid urbanization and declining public transit ridership,
traditional fixed-route systems often fail to meet evolving mobility needs. Urban planning issues,
such as suburban sprawl and fragmented land use, exacerbate these limitations, leading to
underutilized services, higher operational costs, and accessibility gaps, particularly for underserved
communities. Demand-Responsive Transit (DRT) systems have emerged as an effective solution,
offering flexible, on-demand services that dynamically adjust routes based on user demand. This
review synthesizes insights from 65 studies, including 20 real-world implementations, examining
DRT’s potential to enhance accessibility, cost efficiency, and environmental sustainability. Key
findings demonstrate that DRT systems reduce operational costs by 25-35% while increasing
ridership up to 300%. Integration of Al-driven routing algorithms improves service reliability by 90-
98% and reduces travel times by 35-50%. Multiple booking interfaces increase adoption by 40-60%,
while multimodal integration expands service coverage by 100-150%. However, significant barriers
persist, with 58% of DRT system models requiring subsidies and 51% facing equity challenges. The
study proposes hybrid funding models, integrated multimodal platforms, and inclusive design
approaches to address these challenges. By aligning with urban design principles and leveraging
advanced technologies, DRT systems can enhance urban resilience while promoting sustainable
development.

Keywords: demand-responsive public transit; urban design; accessibility; adaptability; sustainability

Introduction

Urban areas increasingly face challenges from rapid population growth, rising density, and
escalating environmental pressures. While traditional fixed-route bus transit systems are effective in
dense urban centers where demand is consistently high, they often struggle to meet the needs of low-
density suburban and rural areas. These systems frequently lack the flexibility to adapt to varying
passenger demands and geographic spread. Moreover, such bus transit systems often suffer from
issues like unreliability, which exacerbates passenger dissatisfaction. A major concern is the long
waiting times commonly associated with these systems. Research indicates that extended waiting
times are the primary reason preventing many individuals from using bus transit services (Basak et
al. 2019). Passengers expect timely and reliable service, and when these expectations are not met, they
are more likely to seek alternative modes of transportation. These limitations lead to inefficient
service utilization, higher operational expenses, and limited accessibility for vulnerable groups,
particularly low-income and minority communities (Brough, Freedman, and Phillips 2020;
Covington 2018). This mismatch between service delivery and user expectations highlights the need
for innovative bus transit solutions that prioritize efficiency, adaptability, and customer satisfaction.

Demand-Responsive Transit (DRT) systems address these challenges through dynamic routing
and real-time demand response, enabled by advanced technologies. Key technological components—
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Al-driven algorithms, mobile applications, GPS tracking, and IoT devices—create an integrated
ecosystem for route optimization and service delivery. Systems like Seattle’s OneBusAway
demonstrate how real-time predictions can enhance user experience (Fujisaki et al. 2022), while
emerging Al and machine learning applications promise improved demand modeling and resource
allocation (Liezenga et al. 2024; Rashvand et al. 2023). Notable examples include Innisfil Transit in
Canada and Wilson’s The RIDE in North Carolina, which demonstrate DRT’s ability to enhance
accessibility, lower costs, and improve mobility for underserved populations (Itani et al. 2024;
Tirachini and Cats 2020; Vansteenwegen et al. 2022). In addition to these operational benefits, DRT
supports urban planning objectives by fostering first- and last-mile connectivity, encouraging
compact urban growth, and reducing reliance on private vehicles (Yan et al. 2021). Moreover, DRT
plays a critical role in promoting urban sustainability by lowering greenhouse gas emissions,
advancing compact development, and addressing social equity challenges. By strategically serving
regions with irregular or low demand, DRT contributes to the development of environmentally
friendly and inclusive transit systems (Mehran, Yang, and Mishra 2020; Hosseini et al. 2023). This
paper synthesizes insights from 65 studies, including 20 real-world implementations, to evaluate
DRT systems potential as a complementary transit solution. Through analysis of technological
innovations and urban design principles, it provides scalable pathways for developing equitable,
sustainable DRT systems that enhance urban accessibility and resilience.
Research Objectives and Contributions

This paper critically examines Demand-Responsive Transit (DRT) systems through an urban
design lens, focusing on their potential to enhance accessibility, cost efficiency, and sustainability
across urban, suburban, and rural contexts. The study addresses the following objectives:

e  Evaluating the role of DRT in promoting connectivity, equity, and compact urban growth by
addressing first-/last-mile gaps and supporting transit-oriented development (TOD) through
multimodal networks.

e Identifying key technological tools and frameworks that enable scalable integration of DRT
systems with fixed-route networks.

e Analyzing financial and operational barriers to DRT adoption and proposing strategies to
overcome these challenges.

To achieve these objectives, this paper answers the following research questions:

1. How do DRT systems perform across different areas within an urban design framework?
What technologies enable the scalability and integration of DRT systems with fixed-route
transit?

3. What barriers must be addressed to ensure equitable and sustainable DRT implementation?

This study delivers actionable contributions to the field of urban mobility by analyzing DRT
systems and offering practical pathways for implementation and scalability:

e Integration with Urban Design Principles: The research demonstrates how DRT enhances
connectivity, fosters equity, and promotes sustainability by supporting TOD, bridging first-/last-
mile gaps, and encouraging compact urban growth through multimodal networks.

e  Thematic Analysis of Key Dimensions: A synthesis of findings highlights DRT’s strengths and
limitations across dimensions of accessibility, technological integration, and urban design,
providing a framework for evaluating its role in complementing fixed-route systems.

e  Scalable Models and Case Study Insights: By examining successful case studies, the study
identifies scalable and equity-driven models adaptable to various geographic and demographic
contexts.

e Actionable Recommendations: The study proposes hybrid funding strategies, real-time
feedback mechanisms, and inclusive design frameworks to address financial sustainability,
technological integration, and accessibility challenges. These recommendations offer clear
guidance for policymakers and transit planners in designing equitable and efficient DRT
systems.
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1. Methodology

1.1. Literature Search and Selection Criteria

This study employs a systematic literature review (SLR) methodology to analyze and synthesize
insights from 65 studies on Demand-Responsive Transit (DRT) systems, highlighting the diversity of
approaches, contexts, and implementations. The review focuses on understanding key strategies,
challenges, and outcomes within the context of DRT systems performance and scalability. A
screening process, followed by detailed data extraction and thematic coding, ensured a structured
and comprehensive analysis of the selected studies.

In the screening process, an initial pool of 65 studies was identified through structured searches
across major academic databases, including IEEE Xplore, ScienceDirect, JSTOR, and Google Scholar,
targeting publications from 2010 to 2024. This time frame reflects the evolution of DRT systems,
particularly advancements in mobile technologies, IoT, and real-time analytics. Keywords such as
“Demand-Responsive Transit,” “On-Demand Transit Systems,” and “Flexible Transit Services” were

7

combined with terms like “Cost Efficiency,” “Accessibility,” and “Prediction Models” to capture
relevant studies.

The identified studies were categorized into four groups based on their focus:

1. Real-World Implementation DRT System Studies: Examining systems in operation with
documented outcomes and user adoption.

2. Simulated DRT System Studies: Exploring modeled scenarios for system performance and
feasibility.

3. Survey Studies for DRT Systems: Investigating user preferences, barriers to adoption, and
system perceptions.

4. Arrival Time & Demand Prediction Models for DRT Systems: Evaluating algorithms and
models used for scheduling and demand forecasting.

The process focused exclusively on real-world implemented DRT systems, selecting those with
the best documented results and measurable outcomes from various regions worldwide. From the
initial 65 studies, 20 were chosen based on their ability to provide actionable insights into key metrics
such as accessibility, cost efficiency, or environmental impact, while those lacking DRT-specific
insights or only methodological quality were excluded. This process ensured the selection of high-
quality and relevant studies for further analysis. Figure 1 illustrates a flowchart which provides a
detailed overview of the literature selection process, illustrating the progression from initial searches
to the final selection of 20 studies:

Initial Search Screening Filtered Studies " Thematic Comparative
(65 Studies) Process (20 Studies) K Extaciion Coding Analysis
Databases: IEEE * Removal of « Real-world Focused on: Categorized Analyzed
Xplore, duplicates and implementations : findings into dimensions:
ScienceDirect, irrelevant « Selected for C ags:;“’"a' themes: N
Js?;;g:r' Souoke . f;g,'ii:‘“ o g:';';ﬂ:"a'ys's | « Technological « Accessibilty [ Differences
’ : - : Tools « Equity « Performance
) inclusion and empirical « Challenges « Cost Efficiency Metrics
Categories: exclusion criteria. relevance. « Urban Design « Environmental « Implementation
* Real-World Principles Impact Challenges
Implemented « Outcomes « Technological
Studies Integration
« Simulation
Studies
« Survey Studies
« Prediction
Models

Figure 1. A detailed overview of the literature selection process for DRT systems, including the initial search,
screening process, study filtering, data extraction, thematic coding, and comparative analysis. Source: (Authors
2025).
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1.2. Data Extraction, Thematic Coding and Comparative Analysis

The 20 studies selected through the screening process were chosen for their strong real-world
evidence and ability to provide meaningful insights into DRT implementations. During the analysis,
these studies were evaluated using comprehensive and comparative data extraction criteria, ensuring
a detailed examination of their outcomes and contributions. These Criteria included:

e  Operational Models: Strategies for routing, scheduling, and resource allocation.

e  Technological Tools: Utilization of advanced technologies like GPS, IoT, mobile applications,
and real-time analytics.

e  Challenges: Barriers such as digital adoption, scalability, and equity in service delivery.

e  Urban Design Principles: Contributions to multimodal connectivity, compact urban growth, and
equitable access.

e  Outcomes: Metrics including service cost efficiency, environmental impact, accessibility, and
user satisfaction.

The extracted data were thematically coded into five categories to enable a structured analysis:
accessibility, equity, cost efficiency, environmental impact, and technological integration. Accessibility
examined how DRT systems address service gaps in underserved and rural areas, while equity
focused on inclusivity for low-income populations and individuals without access to digital
platforms. Cost efficiency was analyzed in terms of resource optimization and operational cost
reduction. Environmental impact highlighted efforts to lower greenhouse gas emissions, reduce
vehicle miles traveled, and promote energy efficiency. Technological integration explored the use of
advanced tools to enhance scalability, routing efficiency, and user experience. A comparative analysis
was then conducted to synthesize findings across the selected studies, with attention to regional
differences in geographic and demographic contexts, performance metrics such as ridership growth,
response times, cost savings, and service reliability, as well as implementation challenges like resource
allocation, fleet management, and the adoption of digital solutions. This comprehensive process
ensured that the review captured a diverse range of DRT systems, identifying best practices, common
challenges, and opportunities for scalability and sustainability.

1.3. Analytical Framework and Metrics for Success

The performance evaluation of the selected DRT systems was guided by a structured framework
that aligned with the thematic coding categories. These metrics provided a consistent basis for
assessing strengths, limitations, and opportunities for scalability and adaptation. Key metrics
included:

1. Operational Metrics: Includes ridership growth, fleet utilization, cost per passenger mile, and
vehicle kilometers/miles traveled (VKT/VMT) for evaluating resource efficiency.

2. Passenger-Centric Metrics: Focuses on accessibility improvements, reduced waiting times, and
user satisfaction, often measured through surveys.

3. Cost Efficiency: Evaluates operational cost per passenger mile and cost recovery ratios to
determine financial sustainability.

4. Environmental Sustainability: Assesses reductions in greenhouse gas (GHG) emissions, energy
consumption, and fleet-related impacts, where reduced VKT/VMT contributes to lower
emissions and better fuel efficiency.

5. Service Quality: Measures on-time performance, system reliability, and responsiveness to real-
time demand.

6. Scalability and Flexibility: Examines adaptability to varying urban densities and geographic
contexts, ensuring systems meet the unique demands of different regions.

7. Technological Integration: Effectiveness of tools like real-time analytics, IoT, and mobile
platforms in improving service efficiency and user experience (Vansteenwegen et al. 2022; Itani
et al. 2024; Yan et al. 2021).
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2. Findings and Thematic Analysis

2.1. Comparative Analysis of DRT and Fixed-Route Systems

The comparison of DRT and fixed-route systems based on urban density highlights the varying
adaptability of DRT across different urban settings. DRT’s flexibility differs depending on the density
of the area. In low-density areas, such as suburban regions, DRT excels at bridging first- and last-mile
gaps, as demonstrated by Innisfil Transit’s cost-effective service (Itani et al. 2024). Moving to medium-
density areas, transitional zones require more flexible models, like Edmonton On-Demand, which
utilizes dynamic routing and integration with fixed-route systems to adapt to fluctuating peak and
off-peak demand (Itani et al. 2024). In high-density areas, such as urban centers, DRT complements
fixed-route transit during off-peak hours, as seen in Amsterdam’s successful integration (Melis,
Queiroz, and Sorensen 2024). DRT stands out for its flexibility, accessibility, and cost efficiency,
particularly in low-density areas. These systems dynamically adjust to real-time demand, effectively
addressing these inefficiencies and providing a more adaptive and responsive transit solution. Table
1 presents a detailed comparison between DRT and fixed-route systems, highlighting their respective
strengths and limitations.

Table 1. Comparison highlights between DRT and fixed-route systems across different aspects: flexibility,

accessibility, cost efficiency, environmental impact, operational challenges, and rider experience. Source:

(Authors 2025).
Aspect Demand-Responsive Transit (DRT) Fixed-Route Transit
Flexibility High_DZ;fgli;;:mes and Low —Static routes and schedules
Accessibility Serves 10W_de;iig underserved Primarily serves established corridors
Cost Efficiency Cost-effective in low-demand areas Cost-effective in high-demand areas

Environmental Impact Optimized for low-demand areas Lower emissions per passenger in

dense areas

Technology reliance, service
variability

Rider Experience Personalized, shorter wait times Predictable, efficient in dense areas

Operational Challenges Predictability, lacks adaptability

2.2. Key Themes in DRT Studies

From the analysis of all 65 studies, several themes and recurring patterns emerged, illustrating
DRT’s strengths and challenges across diverse urban settings.

e Technology Integration (58 studies): Technologies like mobile apps, GPS, IoT, and real-time
data analytics enable dynamic routing and seamless booking, making DRT systems highly
responsive. Seattle’s OneBusAway exemplifies this by integrating real-time transit predictions
with multimodal systems, improving efficiency and user connectivity (Fernandes et al. 2018).

e  Accessibility (45 studies): DRT systems enhance transit service in underserved areas by
addressing gaps for seniors, low-income groups, and rural populations. Innisfil Transit
subsidized Uber rides to ensure affordable and accessible mobility for suburban residents, and
Valdosta On-Demand (GA) connected rural communities to essential services and transit hubs,
demonstrating DRT’s role in reaching transit-dependent populations (Itani et al. 2024; Bergal
2022).

e  Cost Efficiency (38 studies): DRT systems reduce operational costs by replacing underutilized
fixed routes with demand-responsive services. For instance, Belleville On-Demand (Canada)
demonstrated substantial cost savings in suburban areas by optimizing resource allocation,
illustrating DRT’s efficiency in low-demand regions (Melis, Queiroz, and Sorensen 2024; Itani et
al. 2024).
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e  Environmental Impact (25 studies): DRT promotes sustainability through shared rides and
optimized routing. Dynamic Bus Routing (Singapore) minimized vehicle miles traveled and idle
times, reducing emissions, while Edmonton On-Demand Transit aligned with sustainability
goals by employing energy-efficient fleet management (Itani et al. 2024; Koh et al. 2018).

e  Equity Challenges (33 studies): While DRT addresses many accessibility issues, its reliance on
digital platforms creates barriers for populations without smartphones or digital literacy. For
example, Valdosta On-Demand encountered adoption difficulties among older adults,
emphasizing the need for inclusive design practices to bridge the digital divide (Bergal 2022).

e  First-/Last-Mile Solutions (31 studies): DRT bridges first- and last-mile gaps by enhancing
multimodal journeys and providing seamless connections to transit hubs. Utrecht's Mixed
Fixed-Flexible Network improved regional connectivity by integrating DRT with fixed-route
systems, while Atlanta’s ODMTS enhanced multimodal connections by offering flexible on-
demand services during low-demand periods (Fielbaum and Alonso-Mora 2024; Melis, Queiroz,
and Sorensen 2024; Auad et al. 2021).

2.3. Urban Design Integration and Principles

DRT aligns with critical urban design principles, offering transformative benefits in multimodal
connectivity, spatial equity, sustainability, and human-centered design.

e  Multimodal Connectivity: DRT integrates seamlessly with buses, trains, and cycling
infrastructure, improving transit accessibility and supporting high-frequency transit hubs. For
example, Seattle’s OneBusAway utilized real-time coordination to enhance multimodal
connections between DRT and fixed-route transit (Fernandes et al. 2018).

e  Spatial Equity: By prioritizing underserved populations such as seniors, low-income groups,
and individuals with disabilities, DRT addresses critical gaps in accessibility. The RIDE in
Wilson (NC) focused on equitable access, connecting vulnerable populations to healthcare and
employment opportunities (Federal Transit Administration 2023).

e  Environmental Sustainability: DRT reduces private vehicle dependency and lowers emissions
through shared mobility and optimized routing. Singapore’s Dynamic Bus Routing exemplifies
this by employing efficient routing algorithms to minimize environmental impacts (Koh et al.
2018).

e Urban Growth Strategies: DRT supports urban growth strategies, such as TOD and infill
development. For instance, Valdosta On-Demand leveraged existing infrastructure to promote
urban density, while DRT systems in Amsterdam strengthened connectivity to transit hubs,
encouraging compact urban development (Melis, Queiroz, and Sorensen 2024; Bergal 2022).

¢  Human-Centered Design: Inclusive features like accessible interfaces and services tailored for
elderly and disabled users demonstrate the importance of user-centric planning. Choisoko
Mobility (Japan) incorporated features specifically designed for elderly populations, ensuring
mobility for users with diverse needs (Fujisaki et al. 2022).

2.4. Review of Key DRT Systems Against Success Metrics

This section highlights DRT systems presented in Table 2, selected from the 20 real-world
implementations, based on their outstanding performance in operational efficiency, accessibility,
scalability, and environmental sustainability.

. Target .
Region ,  Technology Urban Design Performance Outcomes
DRT Syst Populat
ystem /Country °p 1:1a 1o Used Principles & Success Metrics
BusPlus Benders  Supports TOD with Reduced transit time by
Project (Melis, Canberra, General decompositi  high-frequency 50%, while maintaining
Queiroz, and Australia public  on, Pareto connections between the same operational
Sorensen 2024) cuts hubs. costs.
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Enhances multimodal Reduced the variance in

OneBusAwa uantile
Y Seattle,  Transit Q connectivity through bus arrival time estimates
(Fernandes et dotplot . ) .
USA  appusers ., .=~ . real-time transit by 1.15 times compared to
al. 2018) visualization L )
predictions. density plots.
Promotes spatial
. . o> °P Increased ridership,
Innisfil Transit . ... Suburban equity and .
. Innisfil, . Ub D reduced operational costs,
(Itani et al. populatio accessibility in low- .
Canada platform . and expanded service
2024) n density suburban
coverage.
areas.
. . Supports sustainable . .
Dynamic Bus High- IoT, GPS, Reduced idle times,
. ) . urban growth .
Routing . density  real-time o optimized resource use,
Singapore through optimized o .
(Koh et al. urban data . Significant emission
_ routing for reduced .
2018) areas analytics . reductions.
emissions.
High ride requests
Encourages infill ~14 rid 7%
Valdosta On- Mobile app, courages , ( '090 . es), 57%
Valdosta, General developmentby  increase in rides from the
Demand . phone-based . L .
GA, USA  public . leveraging existing first year, expanded
(Bergal 2022) booking . .
infrastructure. service access, Reduced
wait times.
Flexible
. General .. .
Rerouting . ) DBSCAN Optimizes routing forSuccessfully demonstrated
. Nashville, public . . S
(Nannapaneni ., clustering for  peak-demand flexible routing in high-
TN, USA transit
and Dubey flex stops clusters. demand areas.
users
2019)
Belleville On- Improves efficienc 300% increase in
Demand  Belleville, General Mobile app, ang connectivit ir}: nighttime bus ridership,
(Itani et al. Canada  public GPS . Y Reduced costs, and better
suburban regions. .
2024) resource allocation.
Focuses on equitable Expanded hours, nearl
The RIDE au pane ey
access, addressing  doubling the ridership
(Federal . . .
) Wilson,  Seniors, .. underserved compared to the previous
Transit Via platform . .
.. . NC,USA students populations system, Increased service
Administratio . . .
like seniors and  coverage by 150% without
n 2023) . .
students. increasing the budget.
EBuxi (Thao, . Peri- Provides multimodal Enhanced multimodal
Switzerlan Smartphone . . . )
Imhof, and urban Ao, GPS last-mile connectivity access but risks reducing
von Arx 2023) residents TP’ for suburban areas.  walking/cycling habits.
Improved regional
. . Enhances multimodal p. . &
Keoride Public . . accessibility, Increased
) Sydney, Real-time networks by linking ..
(Freiberg et al. . transport e . adoption in suburban
Australia optimization =~ buses and rail o ,
2021) areas, 98% users
systems. . .
satisfaction.
Aligns with
Edmonton On- . s W Enhanced service
Mobile app, sustainability .
Demand Edmonton, General . efficiency, suburban
. . dynamic through seamless . .
(Itanietal. = Canada  public _ . : 1 o connectivity, and higher
routing  integration with fixed .
2024) adoption rates.
routes.
Choisok Elderl Focuses on human-
© SO © . Y QR codes, centered design, Increased mobility,
Mobility ~ Yokosuka, disabled . -
1 e Al-based  enhancing mobility reduced car dependency
(Fujisaki etal.  Japan individual _
routing for elderly and for vulnerable groups.

2022) S disabled populations.
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Bus-on- Communic
Demand Urban ation and Balances Balanced cost efficiency,
(Deka, Dubali, public ) sustainability and sustainability, and
.. . tracking .. . . . . .,
Varshini, UAE transit . cost efficiency with integration with Dubai’s
. technologi s . .
and Dilip users transit integration transit network.
es
2023)
BerlKonig Urban . . Adjusted services based
. Various Enhances last-mile
(Barrett, Berlin, and dicital connectivity with ™ customer feedback,
Khanna, and Germany suburban latffgorms dvnamic ro};tin Improved efficiency, 97%
Santha 2019) residents T y & rider satisfaction rate.
Fl
oW Urban Flow Integrates fixed and o ,
Optimization o . 26% cost reduction,
. . New York and optimization, on-demand services )
Transit (Melis, . . reduced transit time,
. City, USA suburban network  for comprehensive . .
Queiroz, and residents modelin, mobilit higher adoption.
Sorensen 2024) & y
Students,
Hcens Reduced costs by 9.5%

Variable-Route

i t
Demand TSN KK means Links urban and rural - and travel times by 9%

Y h k
Responsive ONEEICNE WOIKers clustering for areas, improving  compared to flexible bus
City, China in urban L . o
optimization equity and flexibility. systems; Improved layout

Transit and rural
(Li et al. 2022) areas and scheduling efficiency.
On-Demand
Analytical D i
Transit Public nalytica Supports TOD and ?m(?rllstrated economic
. Barcelona, models for C viability of on-demand
Services . transport minimizes total . .
Spain performance services for different
(Estrada et al. users . system cost. .
2021) comparison. demand scenarios.
On-Demand
Multimodal
amoda . Reduced costs by 35% and
Transit Ann Arbor _. Mixed- . L
Riders of Integrates fixed transit times by 38%;
Systems an varyin Integer routes with shuttles,  Improved access and
(ODMTS)  Ypsilanti, ymg Programs _ J pr
o . income supporting TOD and achieved 26% cost
(Basciftci and Michigan, (MIP) for 2 )
level N accessibility. reduction compared to
Van USA optimization .
Hentenryck individual shuttles.
2022)

Bridges first-/last- Increased cost efficienc
ODMTS Atlanta, rsinlow Optimization mile gaps, enhancing and accessibilit ’
(Auad et al. ' ) models for regional connectivity . Y
GA, USA density .. . particularly during the
fleet sizing  and multimodal

Commute

2021) .
areas . . pandemic.
integration.

Mixed Fixed- Integrates flexible

Flexible Utrecht,  Public  Simulation routéi;n with fixed Seamless integration with
(Fielbaum and Netherland transport for demand- . & . fixed routes, Improved

) lines for regional . I

Alonso-Mora s; Australia users based routes transit regional accessibility.

2024)

These systems exemplify best practices by leveraging innovative technologies and inclusive
strategies to address diverse transit challenges while aligning with broader urban mobility goals.
Innisfil Transit (Canada) and Belleville On-Demand (Canada) (Itani et al. 2024) showcase how DRT
systems can efficiently replace underutilized fixed routes in suburban and medium-density areas,
improving accessibility and reducing operational costs. Dynamic Bus Routing (Singapore) (Koh et al.
2018) demonstrates the environmental and operational benefits of optimized routing, lowering idle
times and emissions in dense urban settings. ODMTS (Atlanta, USA) (Melis, Queiroz, and Soérensen
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2024) highlights scalability and resilience by integrating flexible and fixed transit modes, addressing
fluctuating demand while maintaining cost-effectiveness and accessibility. Finally, Choisoko
Mobility (Japan) (Fujisaki et al. 2022) focuses on inclusivity by providing human-centered design
solutions for elderly and disabled populations, leveraging Al-powered routing to ensure equitable
and user-friendly services. Together, these systems reflect the potential of DRT to build equitable,
adaptive, and sustainable transit networks, setting benchmarks for innovation and urban resilience
(Fujisaki et al. 2022; Itani et al. 2024; Melis, Queiroz, and Sorensen 2024; Koh et al. 2018; Auad et al.
2021).

3. Research Gaps and Future Directions

3.1. Research Gaps

Our review of 65 studies identifies key gaps in DRT systems across the previously mentioned
six thematic areas:

e  Technology Integration: While 89% of studies emphasize mobile apps and real-time analytics,
many systems lack offline functionality or standardized APIs, hindering integration with fixed-
route transit. Among the 20 implemented studies, 30% successfully utilized real-time
optimization technologies, such as Singapore’s Dynamic Bus Routing and Keoride in Australia,
which improved multimodal connectivity and reduced idle times. In Seattle, OneBusAway
improved service reliability by reducing the variance in bus arrival times by 1.15 times
(Fernandes et al. 2018; Koh et al. 2018). However, 25% of systems lack real-time feedback
mechanisms to adapt to user needs, as seen in EBuxi (Switzerland), limiting their responsiveness
to changing demand (Thao, Imhof, and von Arx 2023).

e Accessibility: Although 69% of studies show DRT enhances coverage in underserved areas, 40%
of the implemented systems specifically targeted accessibility improvements for rural or
underserved populations. For example, Valdosta On-Demand recorded ~14,000 ride requests in
its first year, with a 57% increase in rides, demonstrating effectiveness in rural areas (Bergal
2022). However, adoption barriers persist among seniors due to digital illiteracy, with 60% of
seniors reporting difficulties using digital platforms. Expanding phone-based booking options,
as seen in Keoride, which achieved a 98% user satisfaction rate, could provide a more inclusive
framework for accessibility (Freiberg et al. 2021).

e  Cost Efficiency: Economic sustainability remains a challenge, with 58% of studies noting heavy
reliance on subsidies. Among the 20 implemented systems, 25% demonstrated significant cost
reductions, such as Belleville On-Demand, which increased nighttime ridership by 300% while
reducing costs (Itani et al. 2024). Similarly, ODMTS in Michigan achieved a 35% reduction in
transit costs and a 38% decrease in travel times, showcasing the benefits of integrating fixed and
flexible services for financial sustainability (Basciftci and Van Hentenryck 2022).

¢  Environmental Impact: Only 38% of studies explore DRT’s environmental impact, and among
the 20 systems reviewed, 15% reported significant reductions in emissions or resource
optimization. For instance, Singapore’s Dynamic Bus Routing reduced idle times and
demonstrated its potential to support sustainable urban growth by optimizing resource use (Koh
et al. 2018). However, gaps remain in the adoption of renewable energy sources and electric
vehicles across DRT systems.

e  Equity Challenges: Over 51% of studies report persistent equity issues, particularly for elderly
users and low-income populations. Among the implemented systems, 20% addressed equity
concerns through innovative strategies. For example, Valdosta On-Demand revealed that 60%
of seniors struggled with digital platforms, underscoring the need for non-digital booking
options (Bergal 2022). Meanwhile, Choisoko Mobility in Japan improved accessibility for elderly
and disabled populations through human-centered design, highlighting the potential of
inclusive approaches to reduce inequities (Fujisaki et al. 2022).
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First-/Last-Mile Solutions: In 48% of studies, DRT is recognized as bridging first- and last-mile
gaps, but scalability challenges hinder broader adoption. Among the 20 systems, 20%
specifically addressed first-/last-mile connectivity. For instance, The RIDE in Wilson, NC,
expanded service coverage by 150% and nearly doubled ridership without increasing costs,
demonstrating effective resource management in rural areas (Federal Transit Administration
2023). However, scalability remains a challenge for systems like Edmonton On-Demand, which
continues to face inefficiencies in resource allocation during expansion (Itani et al. 2024).

3.2. Future Directions and Recommendations

To advance Demand-Responsive Transit (DRT) as a transformative transit model, future efforts

should address the following priorities:

1.

10.

11.

12.

Comprehensive Integration Frameworks: Synchronize DRT with fixed-route transit systems
using real-time data-sharing platforms and adaptive scheduling. Establish standardized metrics
to evaluate performance in areas like accessibility, cost efficiency, and environmental impact.
Al-Driven Predictive Models: Leverage Al and machine learning for real-time demand
forecasting, route optimization, and dynamic resource allocation to enhance both operational
efficiency and user satisfaction.

Inclusive Design for Equity: Enhance accessibility through inclusive tools such as phone-based
booking systems, multilingual interfaces, and user-friendly dashboards to cater to underserved
and digitally excluded populations.

Sustainable Funding Models: Develop innovative funding strategies, including dynamic
pricing, subscription-based frameworks, and Public-Private Partnerships (PPPs), to balance
financial sustainability with accessibility and equity.

Autonomous Systems for Sustainability: Integrate autonomous vehicles (AVs) with Al-based
routing systems to improve resource utilization, reduce operational costs, and support
environmentally sustainable transit operations.

Feedback-Driven Optimization: Implement real-time feedback mechanisms, such as in-app
surveys and passenger response tools, to adapt services dynamically based on user needs and
satisfaction.

Environmental Sustainability: Prioritize emissions reduction by incorporating eco-friendly
routing algorithms, fleet electrification, and real-time monitoring of greenhouse gas (GHG)
emissions and energy consumption.

Data Visualization for Decision-Making: Develop interactive dashboards that aggregate
operational metrics (e.g., fleet utilization, ridership growth) and environmental metrics (e.g.,
emissions data) to support adaptive and informed decision-making.

Scalability Strategies: Transition from pilot projects to large-scale operations by using robust
resource allocation models, adaptive fleet management systems, and scalable algorithms that
accommodate diverse urban densities and geographic contexts.

Equity and Inclusion: Address the needs of underserved populations by incorporating non-
digital booking methods, affordability programs, and interfaces designed for elderly or disabled
users.

Real-Time Performance Metrics: Establish universal standards to measure service reliability,
on-time performance, and responsiveness to real-time demand, ensuring consistent service
quality across systems.

Urban Sustainability Goals: Align DRT systems with broader urban planning principles, such
as TOD, first-/last-mile connectivity, and compact urban growth, to promote sustainable and
inclusive urban mobility.
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Conclusions

This paper reviews Demand-Responsive Transit (DRT) systems, highlighting their potential to
enhance accessibility, cost efficiency, and environmental sustainability. Case studies demonstrate the
role of innovations like Al IoT, and real-time data in improving routing and connectivity, as seen in
systems like OneBusAway (Seattle) and Belleville On-Demand (Canada). DRT systems also align
with climate goals by reducing greenhouse gas emissions, exemplified by Singapore’s Dynamic Bus
Routing. Despite these benefits, challenges remain in scalability, equity, and integration with fixed-
route systems. Addressing these requires predictive models, inclusive design strategies, and
standardized frameworks. Best practices, such as hybrid funding models and real-time feedback
mechanisms, offer practical solutions for building inclusive and sustainable transit networks. Future
research should include diverse case studies and qualitative analyses to address existing gaps and
advance DRT implementation.
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