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ABSTRACT 
 

The mobility of people with disabilities is increased and safety is enhanced when modern 

technology like self-navigation, obstacle avoidance sensors, or automatic brakes is 

incorporated into smart wheelchairs. Yet, despite such a raw deal, we continue to encounter 

accessibility problems with the Irish public transport system resulting from a lack of facilities, 

variable performance, and social attitudes. This mixed-methods study aims to provide 

evidence, from the identification of persistent environmental and design barriers present on 

buses, trams, and trains to the development of a broader sensor-audio alert system, and to 

determine whether this will improve safety for getting on board smart wheelchair technology.  

The views of wheelchair users, carers, clinicians, and commuters were gathered through a 

cross-sectional survey (n = 56) that combined open-ended questions with Likert-scale 

measurements. Quantitative analysis revealed that 50% of respondents were uncertain about 

boarding without assistance (mean score = 2.41%), and the most frequent obstacles were 

platform gaps (44.6%), high ramp slopes (60.7%), and railing or door interference (53.6%). 

Sensor-based systems may increase safety, according to 69.6% of interviewees; they preferred 

spoken alerts (48.2%), auditory tones (46.4%), and visible signs (60.7%).  

The thematic study revealed six recurrent needs: automation and hazard identification, 

experienced people support, improved stop-ramp alignment, routine maintenance, public 

awareness, and inclusive design. The suggested prototype, a modular ultrasonic/infrared sensor 

with configurable visual, audio, and vibration alerts, was well received for its potential to 

increase confidence and decrease incidents, even though participants emphasised the 

importance of affordability, dependability in bad weather, and customisable alert settings to 

avoid false alarms or stigma.  

The results show that although smart wheelchairs promote safety, they cannot completely 

eradicate accessibility inequalities without further advancements in operational procedures, 

public perceptions, and transportation systems. Policy recommendations, operational 

instructions for transit providers, and design advice for wheelchair manufacturers are provided 

in this study to assist the safe, respectful, and inclusive mobility of wheelchair users in Ireland's 

public transit systems.  

 



  

 

 

 

 

 

 

 

1. CHAPTER ONE: INTRODUCTION  

1.1. Purpose of the Study  

This research examines how smart wheelchairs with sensors, automated brakes, and navigation 

systems interact with actual transit situations while assessing their safety and use in Irish public 

transport ((Nguyen et al., 2013; Leblong et al., 2021). The study critically frames technology 

within its larger social and infrastructural context, guided by universal design principles that 

promote inclusively designed environments for all users, and the social model of disability, 

which places disability within environmental barriers rather than individual impairment 

(Digital Culture Network, 2024). By specifically combining these theoretical frameworks, 

concentrating on the little-studied Irish transit environment, and adopting a concurrent mixed-

methods approach to record both quantitative indicators and qualitative experiences across 

stakeholder groups, this study is unique. By doing this, it goes beyond merely pointing out 

issues or outlining advances to examine how infrastructure, policy, and lived experience 

influence and are influenced by smart wheelchair technologies. 

1.2. Context of the Study  

Accessible In Ireland, accessible public transit is still only partially available, despite being 

crucial to wheelchair users' mobility and social inclusion. Many transit vehicles and stations 

still have issues like limited aisles and doors, steep boarding ramps, and wide platform gaps 

because they were built before the current accessibility rules (Mwaka et al., 2024). A few 

Dublin buses, for instance, have aisle widths that are smaller than the 840 mm minimum 

required for wheelchairs. On older lines, cars can be as far away as 80 mm from train or tram 



platforms, compared to the EU's 50 mm maximum (IWA, 2020). Beyond the 50 mm platform-

gap limit, accessible platform heights, reduced gaps, suitable door dimensions, passenger 

assistance, and tactile guiding are required in rolling stock and infrastructure under the EU's 

Persons with Reduced Mobility Technical Specifications for Interoperability (PRM TSI) 

(Wikipedia contributors, 2025d). Furthermore, by June 2025, all EU member states must have 

public transport services such as ticketing and check-in machines, digital information systems, 

and self-service interfaces that meet standardised accessibility requirements under the 

European Accessibility Act (EAA)(Wikipedia contributors, 2025b). 

Wheelchair users are forced to execute unsafe boarding manoeuvres because of these physical 

restrictions, which raises the possibility of mishaps like chairs tipping over inclined ramps or 

wheels getting trapped in gaps. Uneven or makeshift ramps in rural regions frequently have 

gradients higher than the advised 5–6%, which can lead to further instability and even sensor 

issues for smart wheelchairs (Nichols, 2024; Smith S, 2024).  

Despite their sophisticated features, smart wheelchairs still have significant problems in some 

real-world situations. Although autonomous control algorithms and sensor-based collision 

avoidance may reduce accidents in controlled trials, public transport environments are dynamic 

and unpredictable (Leblong et al., 2021). There may not be enough space for movement on 

crowded trams or buses during rush hour, which raises the possibility of crashes or sensor 

interference. Infrastructure breakdowns, such as a broken lift or a power outage that 

necessitates unplanned replacement buses, can also cause boarding systems to become outdated 

in the middle of a trip (Stjernborg, 2019). 

Controlled trials cannot replicate the uncertainties of the real world, which emphasises the need 

for assistive technology that can withstand quick changes, fluctuating demand patterns, and 

sporadic infrastructural reliability. 

The recent incident on Dublin's Luas tram system in 2024, where a wheelchair with a sensor 

became stuck in a platform gap, shows that even the most advanced assistive technology cannot 

fix every infrastructure issue. Many employees of public transport lack disability-awareness 

training, which makes the situation more complex and leads to uneven assistance during 

boarding (National Disability Authority, 2020). Accessibility improvements also vary by 

region; for example, level boarding and low-floor cars have been introduced in urban transport 

systems, but some rural stops still lack basic facilities like elevated curbs or working lifts. These 

contextual factors emphasise that understanding accessibility issues fully requires an 



understanding of both wheelchair technologies and the transit environment (O’Donoghue, 

2015; Lecrosnier et al., 2020). 

1.3. Significance and Justification of the Study  

At the nexus of public infrastructure and assistive technology, this research offers two 

contributions. Practically speaking, it offers evidence-based suggestions for enhancing Irish 

public transport policy and design, emphasising the successful integration of smart wheelchair 

technologies with staff training, infrastructure upgrades, and legal frameworks. It addresses a 

significant research gap in academic knowledge by providing a mixed-methods, theory-

informed (based on universal design and the social model of disability) assessment of smart 

wheelchair use in actual transit contexts, an area that has received little empirical research up 

to this point (Leaman and La, 2017; Gebresselassie, 2023) 

Examining the reasons why technology alone hasn't eliminated accessibility obstacles is 

essential from both an academic and practical standpoint. The Irish Accessibility Act of 2019 

and EU directives for inclusive transport are just two examples of the accessibility rules and 

guidelines that are not always followed on the ground. By the end of 2023, only roughly one-

third of Ireland's suburban rail platforms had achieved the 50 mm limit gap, and most buses 

did not follow the advised ramp slopes. However, there hasn't been much research done on the 

specific effects of these infrastructural defects on smart wheelchair users (Frost et al., 2015; 

Almoshaogeh et al., 2025). Accordingly, few studies have routinely monitored the frequency 

of boarding failures under actual transit settings (Nguyen et al., 2013; Ramaraj et al., 2024). 

Similarly, there is no information on user characteristics like fear and confidence in similar 

circumstances (Poli and Malagas, 2024).   

This research will fill these knowledge gaps and give information to guide policy and design 

changes. To address these issues and enhance users' safety in the real world, wheelchair 

manufacturers and transit authorities can work together with the help of these studies. 

1.4. Research Aim, Questions, and Objectives  

Aim of this research   

The purpose of this study is to determine whether smart wheelchair technology effectively 

improves accessibility and safety in Irish public transport and whether it is enough to remove 

current obstacles on its own. It is hypothesised that without parallel organisational and 



infrastructure changes, smart wheelchair technology will not be able to adequately address 

accessibility and safety concerns. 

To investigate this hypothesis, the research pursues the following objectives:  

1) Critically examine the key design and safety limitations of smart wheelchair 

technology in the context of Ireland’s buses, trams, and trains. 

2) Evaluate how infrastructural features such as vehicle layouts, ramp gradients, 

Platform gap standards under PRM TSI, and ISO testing requirements (e.g., ISO 7176 

series for stability and braking), interact with smart wheelchair performance and 

contribute to boarding failures. 

3) Assess the real-world efficacy of assistive features like proximity sensors, automatic 

wheel-locks, and autonomous navigation systems when challenged by infrastructural 

and operational constraints. 

4) Investigate the perspectives of wheelchair users, caregivers, transport staff, and 

accessibility professionals to understand how stakeholder experiences and feedback 

reveal alignment—or mismatch—with existing accessibility norms and system design 

(including PRM TSI, EU directives, ISO standards). 

5) Integrate quantitative data on boarding outcomes and incident frequency with 

qualitative stakeholder experiences to propose holistic policy and design 

improvements that consider both technological innovation and environmental 

accessibility standards. 

Primary Research Question:  

To what extent do smart wheelchair technologies effectively enhance safety and accessibility 

in Irish public transportation, and what design or infrastructural factors influence their real-

world performance?  

Sub-Questions:  

1. What are the key safety and usability challenges faced by smart wheelchair users when 

navigating buses, trams, and trains in Ireland?  



2. How effective are current assistive technologies (e.g., sensors, wheel-locking systems, 

and autonomous navigation) in addressing real-world transport conditions such as 

ramps, platform gaps, and vehicle layouts?  

3. How do users, transport staff, caregivers, and clinicians perceive the performance, 

reliability, and limitations of smart wheelchair systems during public transport 

boarding?  

4. What practical design modifications or infrastructural improvements could be proposed 

to improve smart wheelchair integration and accessibility in Irish transit environments?  

1.5. Overview of Dissertation Structure  

This dissertation is organized into six chapters as follows:  

• Chapter 1: Introduction – Introduces the research topic, outlines the study’s purpose, 

context, significance, hypothesis, and objectives.  

• Chapter 2: Literature Review – Examines scholarly and industry literature on 

wheelchair accessibility in public transport and smart wheelchair technologies. It 

highlights known barriers, technological capabilities and limitations, user experiences, 

and regulatory frameworks, thereby identifying gaps that the current study will 

address.  

• Chapter 3: Research Methodology – Describes the research design and methods. This 

includes the mixed-methods approach adopted (combining quantitative and qualitative 

techniques), details of the survey instrument and data collection procedures, the 

participant sampling strategy, and ethical considerations (consent processes, 

anonymity, and compliance with relevant guidelines). It also outlines the analytic 

techniques used for interpreting both statistical data and qualitative responses.  

• Chapter 4: Results and Discussion – Presents the findings of the study. Quantitative 

results (such as statistics on boarding outcomes and safety perceptions) are reported 

alongside qualitative insights (themes from open-ended responses). Together, these 

results illustrate the real-world performance of smart wheelchairs in Irish public transit 

and the nature of challenges encountered. This chapter also interprets and discusses the 

significance of the results in light of the research objectives and the literature from 

Chapter 2. It evaluates whether the findings support the initial hypothesis, explores 

implications for design and policy, and addresses any limitations of the study.  



• Chapter 5: Conclusion – Summarizes the key findings and contributions of the 

research. It reiterates how the study’s objectives were met and provides 

recommendations for stakeholders (such as improvements in wheelchair design, transit 

infrastructure, and staff training). The conclusion reflects on the broader impacts of the 

research and suggests directions for future work toward safer, more accessible 

transportation. Chapters 2 through 6 maintain a clear golden thread—a consistent and 

logical progression from literature review through methods, results, discussion, and 

conclusion, that ties back directly to the study’s aims and research questions, ensuring 

coherence and purpose throughout 

1.6. Conclusion  

In conclusion, the groundwork for this inquiry has been laid out in Chapter One. It 

described the study's goal and the practical setting that renders this inquiry both relevant 

and essential. Given the identified research gaps, especially surrounding smart wheelchair 

access in real-world transit, a critical review of existing scholarship is required to anchor 

the investigation. Chapter Two, therefore, offers a systematic literature analysis, identifying 

key theories, methodologies, and deficiencies that justify and guide the empirical study that 

follows. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

2. CHAPTER TWO: LITERATURE REVIEW  

2.1. Empirical Studies    

2..1.1. Public Transportation Accessibility Challenges for Wheelchair Users  

People with disabilities still encounter obstacles when utilising public transportation, even in 

spite of legal requirements for accessible transit (Almoshaogeh et al., 2025). A systematic 

review found that barriers can be classified into five main categories: inaccessible 

infrastructure (such as high gaps or narrow aisles), information and communication (such as 

poor signage or announcements), attitudinal (such as unfavourable attitudes of employees or 

passengers), economic (such as financial limitations), and safety/security issues (World Health 

Organization and World Bank, 2011). For example, many buses still have aisle widths of less 

than 840 mm (often 800 mm), making it difficult for wheelchair users to turn and align with 

ramps.  

Due to their 80 mm gaps, older train platforms constitute a tipping hazard since they surpass 

the 50 mm restriction set by EN 14752:2020+A1 (Rail vehicle entrance systems) and PRM TSI 

(Commission Regulation (EU) No 1300/2014 Annex). When boarding, steep ramp slopes of 

more than 6% may result in instability or a sensor-triggered brake. These obstacles result in 



lengthier commutes, missed activities, and dangerous situations, which emphasise the need for 

assistive technologies that can make up for deficiencies in the infrastructure. 

There is insufficient evidence to support the claim that sensor technologies, such as LiDAR 

and RGB-D camera systems, in smart wheelchairs can identify impediments and make up for 

design flaws. One promising method under controlled settings is automated inclination 

identification using point-cloud analysis (Nejati and Argall, 2016). Nevertheless, several field 

tests show that when surface deterioration, congested boarding zones, or irregular ramp designs 

add uncertainty, navigation errors continue (Johnson et al., 2023). Recent empirical evidence 

unique to Ireland highlights that passengers continue to perceive accessibility as being poor: a 

study of 462 respondents revealed that wheelchair users gave Ireland's accessibility a much 

worse rating than the general public (mean score 7.83 out of 10, where 10 is the worst) 

(Pearlman, n.d.). 

Figure 1: Smart wheelchair prototype with sensors (from Bingqing Zhang et al.) 



2.1.2. Boarding and Securement Innovations in Transit  

Independent boarding and securement on buses and trains are among the most crucial areas of 

focus. Wheelchair attachment with conventional boarding frequently necessitates driver 

assistance and manual ramp deployment, which causes dependence and delays. One 

noteworthy innovation is the Quantum Self-Securement Station, an automated wheelchair  

Figure 2: Real-world example of platform-train gap (By Jose Martinez, THE CITY, October 26, 

2022) 

restraint system that was piloted by the New York City Transportation Authority (MTA) in 

2023. Without the assistance of a driver, a wheelchair user can use this device to back into a 

station and press a button to mechanically secure their chair in place (Metropolitan 

Transportation Authority, 2023).   

On 10 buses, the MTA tested Quantum and found that it "allows customers to board and secure 

themselves more quickly and effortlessly, while requiring minimal to no assistance from the 

bus operator," promoting self-reliance among passengers. The disabled community is 

particularly concerned about autonomy, which is fostered by this technology in addition to 

expediting the boarding process, which benefits all passengers by guaranteeing punctuality 

(Martinez, 2022; Metropolitan Transportation Authority, 2023). Robotic ramp sensors and 

automated lift controls are being investigated by researchers as potential retrofits for non-bus 

vehicles. To detect blockages in curb ramps or vehicle entry and swiftly alert authorities and 

transit users, for instance, a networked ramp sensor system would be recommended (Polenakis 

et al., 2024) 

https://www.thecity.nyc/2022/10/25/23422853/riders-disabilities-sue-lawsuit-mta-gap-subway-train-platform


Through real-time feedback on limited boarding sites, these cyber-physical solutions address 

the prevalent problem of wheelchair users being unable to find a usable ramp that is blocked 

by parked automobiles or other impediments. Wheelchair users can now request help or reroute 

dynamically thanks to this (Polenakis et al., 2024). Overall, studies show that the safety and 

dignity of wheelchair users as they board can be significantly improved by integrating sensors 

and automation into transit systems.  

2.1.3. IoT-Enabled Wheelchairs and Remote Monitoring  

Smart wheelchairs with Internet of Things (IoT) capabilities are evolving from stand-alone 

mobility aids to networked systems that can monitor a user's health, safety, and mobility. For 

real-time monitoring, remote control, and data analysis, IoT features fundamentally enable 

wheelchairs to send sensor data to cloud platforms, such as web dashboards or mobile 

applications (Cui et al., 2022). This increased connectedness is particularly important for 

vulnerable groups, including the elderly or people with complicated medical conditions, when 

environmental awareness and health supervision are equally important.  

The utilisation of these technologies is demonstrated by recent advancements. Using a Wi-Fi 

microcontroller, the IoT-enabled wheelchair system outlined by Cui et al. connects to cloud-

based systems. Temperature, obstacle proximity using LiDAR, GPS-based tracking, and other 

multimodal environmental and positional data are collected by the system, enabling users and 

carers to remotely assess conditions. This is similar to a prototype reported by Hou et al. that 

uses onboard sensors to monitor and communicate vital health signs to doctors, such as oxygen 

saturation and heart rate. This prototype also incorporates AI-assisted navigation to improve 

autonomous mobility, including path planning and obstacle recognition (Hou et al., 2024).  

Although the applications' capability appears promising, a critical analysis exposes some limits 

and contextual dependencies. High data needs, privacy issues, and possible system failures 

raise questions about dependability in practical situations, particularly in public infrastructure 

that might not provide seamless connectivity. Strong ethical frameworks for consent, security, 

and access are also necessary because of the constant streaming of user data. Hou et al. (2024) 

admit that telemonitoring and AI together do boost independence, but they also need the socio-

technical ecosystem, which consists of transportation networks, policy regulation, and carers, 

to be able to support these technologies.  

To sum up, IoT integration has a lot of promise to improve the operation of smart wheelchairs. 

However, in addition to technical viability, these systems' use, accessibility, and reliability in 



the public transportation and hospital environments in which they are implemented are also 

critical to their efficacy.  

2.1.4. Advanced Wheelchair Control Interfaces (BCI, Voice, and 

Multimodal)  

Multimodal control interfaces, which combine techniques such as EEG-based brain–computer 

interfaces (BCI), eye blink, gesture, head motion, and voice input, are being investigated more 

and more in smart wheelchair research for users who are unable to operate a conventional 

joystick (Cui et al., 2025). Using eye blinks and mental commands through a consumer headset, 

Sarkar et al., 2025 showed a low-cost EEG-based BCI that is enhanced with ultrasonic collision 

sensors and a smoke detector for added safety. Four input options voice, head-tilt via IMU, 

eye-blink via infrared, and manual joystick—are included in another prototype by Thakur et 

al., 2018, enabling users to switch between control techniques according to context or ability. 

Another modality is provided by gesture recognition systems that make use of sensors such as 

PAJ7620. According to research, combining several inputs such as EEG, head posture, and 

joystick fallback improves dependability and meets a range of user requirements (Cui et al., 

2025).  

However, these systems also bring with them new difficulties. Furthermore, the tendency of 

BCIs to produce false positives, especially accidental blink detection, may compromise safety. 

For example, people with cognitive disabilities may not be able to use MI-based BCIs due to 

their 13–30% false positive rates and the requirement for extensive calibration and user training 

(Padfield et al., 2022; Song et al., 2022). Device fatigue and signal variability are additional 

difficulties. Prolonged mental tiredness impairs performance, and physiological changes (such 

as stress or sleepiness) drastically affect accuracy (Ozdenizci et al., 2019). 



Figure 3: Complete architecture of the system (?EEG Based Smart Wheelchair For Disabled 

Persons Using Non-Invasive BCI; Rao et al., 2022) 

For shared-control systems to effectively balance automated safety interventions with user 

intent, sophisticated sensor fusion algorithms are needed. However, this intricacy makes testing 

and dependability validation in natural environments more difficult (Menon, n.d.).  

 

 

 

Figure 4: An intelligent wheelchair based on a BCI and an autonomous navigation system  

(Pan and Li, 2018) 

https://www.semanticscholar.org/paper/EEG-Based-Smart-Wheelchair-For-Disabled-Persons-BCI-Rao-Reddy/698ca45dee4a3f8ac33a5d8b23dcb97852ea5f09
https://www.semanticscholar.org/paper/EEG-Based-Smart-Wheelchair-For-Disabled-Persons-BCI-Rao-Reddy/698ca45dee4a3f8ac33a5d8b23dcb97852ea5f09


Furthermore, the practical constraints are still little understood. Initial training may become 

inefficient and necessitate periodic recalibration in individuals with progressive illnesses (such 

as ALS) who suffer from long-term cognitive or motor  

Figure 5: Proposed SSVEP-based BCI system using QR code visual stimulus pattern for simulated 

wheelchair control (Siribunyaphat and Punsawad, 2023) 

impairment. When devices track brain signals or take control of human conduct, ethical 

questions about privacy, permission, and autonomy also arise.  

Early models show that BCI-enhanced wheelchairs can empower people with severe physical 

disabilities, but until long-term usability, error recovery, and adaptability to changing capacities 

are addressed, these technologies will not be practical in real public transportation 

environments.  

Figure 6: Brain-computer collaborative control intelligent wheelchair system (iFLYTEK, 2017) 



2.1.5. Sensor Integration for Obstacle Detection and Avoidance  

From basic ultrasonic arrays to sophisticated camera systems with SLAM capabilities, all smart 

wheelchairs employ a range of sensors to identify obstructions and avoid collisions. Ultrasonic 

sensors are frequently used as the first line of protection because they are dependable and 

reasonably priced at close range. For instance, to reduce the number of accidents in controlled 

experiments, Pokyse et al., 2024 fitted a front-mounted ultrasonic module that turns off the 

motors and sounds a warning buzzer when impediments are within 20 cm.  

Beyond this foundation, vision-based systems enable self-navigating in challenging 

environments by combining cameras with simultaneous localisation and mapping, or SLAM. 

Without requiring significant hardware changes like wheel encoders, Ramaraj et al. created a 

modular stereo-camera system in 2024 that mounts to common power wheelchairs and allows 

for real-time visual mapping and corridor navigation.   

Sensor fusion technologies, which combine several sensory modalities, further improve safety. 

Grigioni et al., 2024 utilised depth cameras from various angles to construct a combined aerial-

ground obstacle recognition system that used a wheelchair and an aerial drone. This greatly 

increased the accuracy of risk detection at road crossings.  

Additionally, negative impediments (such as stairs or curbs) are addressed via specialised 

sensor development (Favey et al., 2021). A laser-based downward sensor uses optical 

triangulation to detect drops; it is fast enough to warn before a fall occurs and robust even in 

the presence of rain or sunlight. Although sensor integration has several safety advantages, 

there are still a number of real-world limitations.   

In real-world scenarios, performance can deteriorate; for example, fog, rain, or intense sunshine 

might affect camera/laser precision (Ušinskis et al., 2025). Because SLAM systems require a 

lot of processing power and battery life, they may limit the range of wheelchairs. Ultrasonic 

sensors may also produce false positives from reflective surfaces. Users could become 

frustrated by many false alarms, and complicated multi-sensor systems could be expensive or 

challenging for regular users to maintain.  

All things considered, smart wheelchair sensing has surely advanced from low-cost, 

straightforward systems that instantly avoid crashes to complex sensor-fusion frameworks and 

negative-obstacle detectors. However, through user-centred evaluation and real-world 

application, research should also concentrate on environmental resilience, sensor reliability, 



energy efficiency, and user acceptance to translate these capabilities into dependable public 

transit environments.  

Sensor 

Type 

Approximate 

Cost 

Benefits Limitations Real-world 

Applicability (incl. 

Ireland) 

Ultrasonic Low—budget-

friendly 

Reliable at 

close range, 

unaffected by 

lighting 

conditions  

Limited range; 

prone to 

reflections, 

causing false 

positives 

Works well indoors; 

outdoor use may 

generate alarms from 

rain or curved 

surfaces common at 

crowded Irish 

boarding points. 

Infrared Low to 

moderate 

Effective in 

low-light or 

foggy 

conditions 

Short range, less 

accurate; dust or 

fog can impair 

detection. 

It may help during 

minimal visibility 

(e.g. Dublin’s rainy 

conditions), but the 

limited coverage area 

remains a concern. 

LiDAR / 

Depth 

Cameras 

Moderate to 

high 

High 

precision, wide 

field-of-view, 

effective 

mapping. 

Expensive; 

performance 

degrades in rain, 

fog, and glare. 

Useful in well-

weathered 

environments; 

struggles in Ireland's 

variable rain and 

fog—needs fusion 

support for reliability. 

SLAM 

Vision 

Systems 

High—

hardware + 

processing 

Dense 

mapping and 

corridor 

navigation 

(e.g., stereo-

Power- and 

compute-

intensive; 

sensitive to 

weather-induced 

visual noise. 

Offers autonomy 

indoors or dry 

stations; outdoors, 

performance may 

suffer on Dublin’s 

foggy mornings. 



camera 

SLAM) 

Sensor 

Fusion (e.g., 

depth + 

drone) 

High—

complex setup 

Layered 

obstacle 

detection 

improves 

recognition 

accuracy 

Cost, complexity, 

and maintenance 

limit feasibility  

Potential in 

controlled 

environments; 

impractical for public 

transit field 

deployment in 

Ireland. 

Radar 

SLAM 

Moderate to 

high 

Reliable 

SLAM in poor 

weather, robust 

tracking 

More 

experimental in 

wheelchair 

applications; 

integration 

complexity 

remains 

Promising for adverse 

weather typical in 

Ireland—a potential 

solution for fog and 

rain resilience. 

 

Table 1: Comparison of Obstacle-Detecting Sensors in Smart Wheelchair Systems 

 

2.1.6. Shared Control and Semi-Autonomous Navigation  

While completely autonomous wheelchairs are still mostly restricted to controlled laboratory 

settings, shared control offers a quicker and more useful solution that lets users maintain their 

agency while receiving intelligent support. This paradigm strikes a compromise between 

automatic safety actions and human intention rather than completely giving up control. The 

CoNav Chair, a shared-control wheelchair powered by ROS that was tested indoors and showed 

better navigational efficiency than manual or completely autonomous modes, was introduced 

by Xu et al., 2025. While the system managed low-level path planning and obstacle avoidance, 

users could set high-level goals, improving performance without compromising trust.  

Similarly, in difficult circumstances, users can switch between manual control and system 

support with a modular retrofit kit created by Ramaraj et al., 2024 that adds assisted and 

autonomous modes to standard powered chairs. These systems always have override 



capabilities, which allow users to stop autonomy by manually steering or by using voice 

commands. Crucially, shared control systems have been shown to reduce anxiety and build 

confidence among users—especially during training or in challenging environments. One study 

described shared control as increasing both safety and user comfort in structured training 

contexts (Smith et al., 2019). 

Technically, shared control usually depends on command blending and sensor fusion, which 

mix obstacle-avoidance vectors and user input statistically. By using eye contact or patterns on 

the joystick, some controllers may even deduce intention and selectively interfere when a 

collision is about to occur. These benefits do have some real-world drawbacks, though: the 

required onboard computing may result in reaction latency, necessitate more expensive 

hardware, and use more power, which shortens battery life. Furthermore, it is not easy to tune 

the system for reliability; too harsh interventions can damage trust, while too lax ones are 

unable to stop problems.  

Research demonstrates that while shared control increases safety without significantly 

affecting user pleasure, its effectiveness depends on low-latency performance, strong fail-safe 

behaviour, and the careful balancing act between autonomy and control. Although Xu et al.'s 

finding that "integrated designs promoting trust and autonomy are crucial for acceptance" is 

accurate, industrialising these systems would necessitate resolving these experiential and 

technical issues before they can be successfully implemented in dynamic public transportation 

situations.  

2.1.7.  Integrated Health and Safety Monitoring Systems  

In order to transform from mobility aids to mobile health platforms, wheelchair systems are 

progressively incorporating biometric and environmental monitoring. These devices frequently 

take vital signs like heart rate, blood pressure, temperature, and oxygen saturation in order to 

provide remote monitoring and safety responses (Cui et al., 2022; Hou et al., 2024). A 

wheelchair prototype, for example, continuously uploads biometric data to the cloud (Hou et 

al., 2024). Then, when critical signs vary from permissible bounds, real-time analytics can set 

off alarms to be delivered to users or doctors. Users with significant levels of reliance or chronic 

conditions should pay special attention to this feature.  

These systems are frequently topped with additional safety sensors. A BCI-controlled 

wheelchair was improved by Sarkar et al. (2025) with fall-detection algorithms activated by 

pressure or inertial sensors and smoke/gas alarms that can instantaneously alert carers to 



danger. A system that can detect arrhythmias using ECG, oxygen monitoring, and GPS-based 

emergency warnings was further developed by Alam and Mohanty (2023), indicating a move 

towards integrated clinical control during transportation (Alam and Mohanty, 2023; Meligy et 

al., 2024). 

But before these health-conscious technologies can be applied in practical situations, a number 

of issues must be resolved. Wireless data transmission and continuous sensing require a 

significant amount of battery power, even though ACE compression can significantly limit 

operational range; sensor connectivity may be responsible for up to 80% of energy usage (Hou 

et al., 2024). Additionally, false alarms—like incorrect fall detections or unexpected vital 

spikes—occur frequently in remote patient monitoring systems, which can cause alert fatigue 

for emergency services or carers (Arora et al., 2023). ISO 14971 treats false alarms as potential 

safety hazards that must be included in risk analysis. Manufacturers must assess their severity 

and probability, implement effective risk controls, and evaluate residual risk to ensure safety 

thresholds are not exceeded (Medical Device HQ, 2024). Wheelchairs that are made available 

to the general public pose special privacy and security risks since unencrypted or improperly 

regulated private health data, such as GPS position or ECG readings, might be misused 

(Hireche et al., 2022; Sun et al., 2024).  

Edge computing enables critical wheelchair safety functions such as obstacle detection and 

emergency braking—to run locally, ensuring reliability even on buses with flaky internet. This 

strategy mitigates latency and bandwidth issues and aligns with accepted IoT design for real-

time, safety-critical applications (Wikipedia contributors, 2025a) 

Systems that require regular firmware upgrades, recalibration, or clinical supervision may be 

burdensome for users and carers, which would decrease their practical usefulness from a 

usability perspective. Additionally, there may be problems with user acceptance and healthcare 

compliance, particularly if technologies are seen as unreliable or obtrusive.   

In summary, although smart-wheelchair health monitoring has a lot of potential to increase 

independence and safety, especially for vulnerable groups, successful adoption necessitates 

striking a balance between technological innovation and power management, data accuracy, 

privacy protections, and user-friendly interfaces. To make sure that health-conscious 

wheelchair systems are useful, reliable, and sustainable outside of lab settings, future research 

should thoroughly assess these limitations, ideally through field testing in transit settings.  



2.1.8. Future Directions and Emerging Trends  

Implementing edge-only retrofit modules, which provide emergency braking, regulated alarms, 

and obstacle recognition, is now the most feasible investment. These localised devices provide 

quick, dependable performance even in crowded urban transportation environments or in rural 

locations with spotty internet connectivity because they don't rely on the cloud. The ideas of 

edge computing show how processing data near its source significantly lowers latency, 

improves responsiveness, and protects privacy. These modules can improve safety without the 

need for expensive vehicle changes or network upgrades, and they are compliant with Ireland's 

present regulatory framework, which includes the PRM TSI and the European Accessibility 

Act (Wikipedia contributors, 2025d; Wikipedia contributors, 2025b). 

In addition to chair-side improvements, Ireland can use data-driven insights to test vote-based 

infrastructure improvements. Platforms at important tram or train stops, where boarding issues 

are most common, could be given priority for platform-train interface improvements, such as 

gap reduction and ramp realignment. In addition to human assistance, this makes a significant 

contribution to accessibility enhancements. Implementing on-vehicle edge gateways provides 

further benefits by managing telemetry during interrupted service and buffering notifications 

(such as "wheelchair waiting"). This hybrid approach is consistent with edge orchestration 

approaches and reflects successful patterns in intelligent transport systems (Hamdan et al., 

2020). 

While promising, future ideas like V2X communication, in which wheelchairs may 

communicate with adapted ramps or smart crossings, remain experimental in Irish situations 

(Hossan et al., 2025). Widespread standards and urban planning are needed to create 

infrastructure that can react to assistive devices, which is currently not feasible. Similarly, 

adding full autonomy or AI-heavy processing to the chair (such as NVIDIA Jetson-level 

embedded AI) could enhance detection and braking capabilities, but the high-power 

requirements, expense, and verification load make it unlikely to be implemented in public 

transportation environments anytime soon (Yee, 2023; Grigioni et al., 2024). 

It's crucial to distinguish between innovation that is viable and hype. Even while innovative 

concepts like drone-assisted navigation or driverless wheelchair taxis draw interest, they need 

pilot testbeds, continuous funding, privacy frameworks, and standard harmonisation before 

they can be scaled. Achievable measures that increase user safety and confidence include 

focusing on functioning retrofit safety modules, upgrading certain PTIs, and coordinating edge 



gateways (Bennett and Vijaygopal, 2024; Yousfi et al., 2025). Additionally, these actions 

gradually prepare the ecology for increasingly sophisticated technologies. 

Rather than waiting for theoretical breakthroughs, Ireland can expedite inclusion by 

concentrating on short-term, tested improvements that increase boarding dependability and 

user dignity right away. A laddered strategy strikes a balance between ambition and 

pragmatism, beginning with edge add-ons and progressing through intelligent infrastructure 

pilot projects and connected-city integration. By ensuring that wheelchair technology 

developments stay rooted in the reality of public transportation surroundings and user trust, 

this gradual evolution provides both immediate benefit and strategic development. 

Technology / 

Trend 

Hype Claims Feasibility in 

Ireland 

Key Constraints 

Edge-only safety 

modules 

Instantly safe, 

low-cost 

innovation. 

High – Proven 

latency reduction 

and reliability; 

easily retrofit onto 

existing 

wheelchairs. 

Requires standard user 

testing, battery 

capacity checks, and 

user training to avoid 

over-alerting or power 

drain. 

On-bus edge 

gateways / alerts 

Smart, 

connected 

vehicles 

everywhere. 

Medium-high – 

Tech exists (MQTT, 

MEC patterns); 

aligns with local 

infrastructure 

improvement. 

Needs investment in 

transit IT 

infrastructure, driver 

training, and data 

governance to prevent 

misuse. 

Platform-Train 

Interface 

upgrades 

Effortless 

universal 

boarding. 

High–PRM TSI 

already mandates 

improvements; 

scope for targeted 

implementation. 

Requires capital 

investment, 

accessibility audits, 

and coordinating 

agencies for rollout 

and evaluation. 

V2X / 

Infrastructure 

communication 

Fully 

automated 

boarding via 

Low-medium – 

Conceptually 

compelling; 

pilotable in hubs 

Requires urban-wide 

infrastructure 

upgrades, standards 

alignment, and 



smart 

surroundings. 

(e.g., Dublin 

Docklands). 

funding beyond transit 

budgets. 

Autonomous, 

AI-heavy chair 

systems 

Total 

independence 

in all 

conditions. 

Low – Promising in 

research (edge AI), 

but high energy, 

cost, and 

complexity. Not 

viable for current 

fleet scale. 

High cost, intensive 

testing/validation, 

battery and heat 

constraints, and 

regulatory hurdles 

hinder practical 

deployment. 

Drone-assisted 

navigation, 

swarm RT 

Utterly safe, 

futuristic 

mobility. 

Very low – 

Experimental and 

far from 

infrastructure reality 

in Ireland. 

Regulatory, airspace, 

privacy, coverage, and 

cost barriers remain 

substantial. 

Table 2: Critical Comparison of Smart Wheelchair Technologies—Hype vs. Feasibility in the Irish 

Context 

 

 

 

2.2. Theories and models  

This section outlines theoretical frameworks that guide smart wheelchair design and 

evaluation: the social model of disability, the capability approach, inclusive design, 

HMI/shared control, and medical-device risk standards.  

Social Model of Disability & Capability Approach  

The social model emphasises design and governmental responsibility by presenting disability 

as the result of social and environmental constraints rather than personal impairment (Oliver, 

n.d.). The capacity approach highlights genuine freedoms, such as autonomous travel, as 

essential to wellbeing and is based on Sen and Nussbaum's research (Mitra, 2006; Layton et 

al., 2022). In theory, these paradigms drive policies and goals, but in reality, smart wheelchair 

designs tend to prioritise sensor improvements (such as IoT obstacle detection) above 

infrastructure redesign or choice-enabling. In Chapter 2.1, for example, the talks of IoT-based 



health and obstacle monitoring systems demonstrate innovation, but they fall short of 

improving actual capabilities or removing structural hurdles to accessibility. 

Inclusive Design and Universal Access  

Considering the entire range of human diversity, inclusive design theories promote products 

that are usable by a variety of people from the start (Inclusive Design Research Centre) 

(Wikipedia contributors, 2025c). Despite the many attempts to incorporate multi-modal 

feedback or retrofit modules for wide applicability in smart wheelchair development, there is 

still a dearth of true user co-design. Consequently, even while inclusive design goals seem good 

in theory, they are rarely implemented well (Mwaka et al., 2024). New designs hardly ever 

incorporate user variety beyond physical disabilities. 

Human–Machine Interaction & Shared Control  

HMI models advocate for interfaces that improve user safety and confidence by supporting 

shared autonomy and different input modalities. A good example of this is the CoNav Chair, 

which combines shared-control algorithms to improve navigation efficiency while maintaining 

user confidence (Xu et al., 2025). Experimental findings clearly align theory with empirical 

results, with shared-control outperforming manual and fully autonomous modes in terms of 

minimizing crashes and improving trajectory smoothness. 

 

Medical Device Risk Management  

Throughout a device's lifecycle, systematic safety assurance is required by standards such as 

ISO 14971 (risk management) and IEC 62366 (usability engineering) (Kim et al., 2023; 

Nichols, 2024). However, such rigorous methodologies are not usually documented by actual 

smart wheelchair prototypes and research, indicating a lag between theoretical requirements 

and practical implementation. 

2.3. Literature GAP  

Research on smart wheelchairs has progressed in controlled settings, but there is still a large 

lack of field-based, public transportation studies. Usability and boarding obstacles, like short 

aisles and platform gap problems, have been shown in numerous studies to exist in fixed-route 

transit systems (Lim and D’Souza, 2021). However, in Ireland's transit context, where ageing 



railway infrastructure, congested metros, rural buses, and seasonal weather all interact, 

longitudinal, real-world data on system performance is still lacking.  

The inconsistent application of accessibility guidelines is another neglected topic. While safe 

boarding circumstances (e.g., ≤ 50 mm platform gaps, ≤ 6% ramp slopes) are required by 

European laws like PRM TSI and EN 14752, audits show inconsistent non-compliance across 

areas (Lim and D’Souza, 2021; Unsworth et al., 2021). Transit operators lack proof on the 

effectiveness of smart wheelchair systems in both legally compliant and non-compliant 

environments due to the lack of systematic monitoring.  

The dearth of user-centred studies on acceptance, autonomy, and trust in transportation 

environments represents another significant gap. Few studies examine how real-world failures, 

delays, or overrides impact user confidence in buses, trams, or rail stations, despite the potential 

of lab-based shared-control systems. Adoption may be hampered by the discrepancy between 

high expectations and irregular on-board realities.   

Furthermore, there is no analysis of whether a gadget complies with medical device standards 

like ISO 14971:2019 + ISO/TR 24971:2020 and IEC 62366-1:2015 + Amd 1:2020 once it has 

been integrated into an existing wheelchair (International Electrotechnical Commission, 2020). 

How smart wheelchair systems are maintained, updated, and risk-reassessed after daily use, 

which is all crucial for ongoing safety and legal compliance, is not well understood.  

Lastly, there are still a few findings unique to Ireland. However, user interviews and passenger 

audits are carried out in nearby locations, such as the UK (Velho, 2019). There isn't a published 

mixed-methods study that links wheelchair boarding incidents to Irish public services 

infrastructure compliance. In academic literature, the opinions of important stakeholders, 

wheelchair users, caretakers and clinicians are rarely heard. Ethnographic fieldwork, user 

interviews, and system audits that are contextualised within Irish regulatory environments are 

necessary to close these gaps. Prioritising design enhancements and policy enforcement for 

truly inclusive transit systems can only be achieved by producing empirical facts. 

Objective Literature Gap Addressed 

Objective 1: Design & Safety 

Limitations 

Lack of real-world performance data in Ireland 



Objective 2: Incident Frequency & 

Types 

No longitudinal data on boarding incidents in 

real-world environments 

Objective 3: Effectiveness of Assistive 

Features 

Missing comparative data between compliant 

and non-compliant infrastructure 

Objective 4: Infrastructure & Design 

Recommendations 

No infrastructure-specific audits informing 

improvements 

Objective 5: Stakeholder Perspectives Absence of user trust and confidence data under 

real-world conditions 

 

Table 3: Mapping to Chapter 1 Objectives 

 

 

 

 

 

 

 

3. CHAPTER THREE: METHODOLOGY & DATA 

COLLECTION  

3.1. Introduction  

The approach for assessing the usability of smart wheelchairs on Irish public transport is 

explained in this chapter, utilising Saunders et al.'s (2019) Research Onion, which organises 

research from philosophy to methodologies. The discussion now explains each layer, 

philosophy, approach, strategy, and methods, in the framework of the study's objectives rather 

than providing a sneak peek. Combining a practical mixed-methods framework, stakeholder-

informed sensor-alert design, and ethical considerations fosters both rich narrative insight and 



statistical rigour. Because of this, methodological decisions are guaranteed to be transparent, 

consistent, and based on an accepted academic framework.  

 

Figure 7: Research onion (Saunders et al., 2019, p. 108) 

3.2. Research Philosophy 

A pragmatic research philosophy (Gillespie et al., 2024) was chosen for this study because 

it is adaptable and in line with difficult, real-world problems. In contrast to positivism, 

which is restricted to objective measurement, or interpretivism, which is exclusively 

concerned with subjective meaning, pragmatics permits the mix of quantitative and 

qualitative methods as necessary (Evans et al., 2011). The pragmatic approach promotes 

suitable mixed-method decisions catered to each research issue by giving precedence to 

workable solutions over theoretical loyalty. Based on the idea of "what works" for research, 

this strategy makes sure that technique choice promotes meaningful results rather than strict 

adherence (Brierley, 2017; Kaushik and Walsh, 2019). 

 



3.3. Research Approach  

Abductive reasoning is used in this study, which combines inductive theme identification 

from participant narratives with deductive testing of hypotheses (such as ramp slope or staff 

support affecting boarding safety). Abduction is particularly effective in mixed-methods 

research because it allows for iterative movement between theory and data, which makes it 

easier to generate and verify the best explanations for real-world observations, particularly 

those that are "surprising" or context-dependent. In complicated, mixed-methods research, 

abduction is especially useful since it allows for repeated reasoning between theory and 

data to explain unanticipated discoveries (Mitchell, 2018). Abduction provides dynamic 

refinement of hypotheses based on both statistical patterns and practical insights, providing 

richer, actionable understandings than merely inductive or deductive designs alone in 

accessibility research, since settings and user needs fluctuate greatly (Evans et al., 2011). 

3.4. Methodological Choice  

This study uses a contemporaneous mixed-methods survey, integrating qualitative (open-

ended responses) and quantitative (Likert scales, yes/no items) data into a single 

instrument. Mixed methods combine both paradigms to strengthen findings through 

triangulation, enhance interpretation, and reveal hidden intricacies, in contrast to mono-

method designs, which restrict depth or breadth, and multi-methods, which combine 

numerous techniques within a single paradigm. This is especially helpful in accessibility 

research, as comprehending boarding patterns necessitates both personal context and 

statistical facts to produce workable, inclusive solutions (Wasti et al., 2022). 

3.5. Research Strategy  

To gather real-time insights from wheelchair users, commuters, transport workers, and 

clinicians throughout Ireland, the project uses a cross-sectional, mixed-methods survey that 

is administered using Google Forms (with various formats available). While 

methodological triangulation, which combines quantitative patterns with qualitative 

narratives to validate results across perspectives, strengthens validity, pretesting the 

instrument, using expert reviews and cognitive interviews to improve question clarity and 

usability, supports reliability. By establishing replies in authentic circumstances, scenario-

based enquiries improve construct validity. Cross-sectional designs provide a rich, 

representative snapshot of service experiences and prototype usability in the dynamic 

transportation context, although they restrict causal inference (Mathis and Gowran, 2023). 



3.6. Time Horizon  

A cross-sectional design offers speed, affordability, and breadth by capturing a picture of 

stakeholder experiences at a particular point in time. Although longitudinal studies make it 

possible to draw conclusions about trends and causality, they are less practical for this 

exploratory study due to their high time, resource, and participant attrition costs. 

3.7. Data Collection 

3.7.1. Instrument Design  

The final survey instrument included 15 questions about demographics, incident 

experiences, perceived safety across modes of transportation, and wheelchair type. Likert-

scale items (1–5 ratings), yes/no questions, and open-ended prompts were all incorporated 

into the design to gather in-depth descriptions and recommendations.  

Example questions included:  

• “How safe do you feel boarding buses, trains, and trams in your wheelchair?” (1–5 scale)  

• “Have you encountered issues such as ramp misalignment, gaps, or lack of staff 

assistance?” (Yes/No)  

• “Describe a boarding incident and what would have improved the experience.” (Open-

ended)  

The survey was accessible, using plain language, mobile-friendly formatting, and screen-

reader compatibility. For those with limited internet access, responses could be given via 

phone or in paper form through collaborating organisations.  

 

3.7.2. Participant Sampling and Recruitment  

A Purposive sampling was used to gather perspectives from four stakeholder groups:  

1. Wheelchair Users (powered, manual, or smart wheelchairs).  

2. Clinicians (e.g., occupational therapists, physiotherapists) with experience supporting 

wheelchair users.  

3. Caregivers assisting wheelchair users in daily mobility.  

4. General Commuters with regular public transport use (≥1 trip/week). 



This study targeted an estimated sample size of 80 participants, guided by usability 

research benchmarks: quantitative surveys typically benefit from at least 40 respondents 

for reliable pattern detection, while multi-stakeholder Delphi studies often target 60–80 

individuals to ensure result replicability (Memon et al., 2024). 

Participants were asked, "How do you feel about adding a sensor to the wheelchair, and 

what type would you prefer?" as part of the survey to assess the modular sensor-alert 

prototype, noting both qualitative logic and quantitative preference indicators. 

Acceptability and user-centred feature preference are measured by this design without 

being isolated from the larger usability context. 

Participants were recruited through multiple channels, including the Irish Wheelchair 

Association, the Disability Federation of Ireland, and Care Homes (to reach wheelchair 

users), and professional networks such as LinkedIn (for clinicians). 

3.7.3. Data Analysis  

NVivo with reflexive thematic analysis and SPSS (patterns, ANOVA, regression) were 

used in a hybrid quantitative–qualitative analysis. It was decided that inferential statistics 

on non-probability samples were acceptable as long as the limits were recognised and 

appropriate model-based techniques were applied to improve validity (Boyd et al., 2023). 

By using independent coding with memoing to openly regulate researcher influence, 

reflexive coding, as outlined by Braun & Clarke (2006), was improved (Braun and Clarke, 

2006). Through triangulation, richer, more coherent insights were obtained by enriching 

and validating quantitative patterns against thematic discoveries (Naeem et al., 2023). 

Figure 8: Braun & Clarke thematic analysis 

3.7.4. Quantitative Analysis  

Various statistical techniques were applied to the survey data using IBM SPSS version 29:  



• Descriptive statistics were calculated (frequencies, means, and standard deviations) to 

summarise key variables.  

• One-way ANOVA was used to compare average safety rating scores across different 

transport modes.  

• Chi-square tests explored associations between wheelchairs and reported boarding 

issues.  

• Binary logistic regression was applied to estimate the odds of experiencing a boarding 

incident, with predictors such as wheelchair type, region, ramp conditions, and the 

presence of staff assistance.  

A significance level of p < 0.05 was used for all statistical tests. Given the study’s non-

random sample and cross-sectional design, any significant results were interpreted with 

caution.  

 

 

 

 

 

 

 

 

 

 

 

 

 



4. CHAPTER FOUR: FINDINGS AND ANALYSIS  

4.1. Sample Overview  

This chapter summarises the findings of a mixed-methods assessment of the accessibility 

and safety of smart wheelchairs on Irish public transit. The poll was filled out by 56 people, 

including 10 wheelchair users, 7 professionals (such as physiotherapists and occupational 

therapists), 13 carers of wheelchair users, and 26 general commuters (those who utilise 

public transit). Notably, to concentrate on the viewpoints of users and observers, transport 

employees were purposefully excluded.  

 

Figure 9: Stakeholders 

Stakeholder group % n 

General commuters 46.4 26 

Caregivers 23.2 13 

Wheelchair users 17.9 10 

Clinicians 12.5 7 

Table 3: Descriptive Results; Sample Composition (N = 56) 

The obtained sample size is within acceptable ranges for exploratory analysis, while falling 

short of initial targets. The diversity of replies in survey research tends to stabilise as a sample 

size reaches about 30 respondents, resulting in declining returns from further data (Hague, 

2021). The response variability curve flattens out after roughly 30 to 50 replies, as shown in 

Figure 10, suggesting that our sample size of 56 is probably adequate to capture the main trends 

even though it is relatively small. Due to the limitations of the study's duration and reach, as 

well as the usual difficulties in recruiting specialised demographics (such as wheelchair users 



and clinicians), the response rate was minimal. Every individual offered their explicit 

agreement to take part. 

Figure 10: Conceptual relationship between sample size and response variability, adapted 

from Hague et al. (2013) 

4.1.1.Frequency of Boarding Difficulties by Transport Mode  

Respondents were asked how often they observe or experience difficulties when boarding or 

alighting with a wheelchair on various transport modes (bus, tram, train). Responses ranged 

from "Never" (1) to "Often" (4). The average frequency of reported boarding difficulties 

differed by transport mode. Participants who primarily relied on trams or trains reported 

difficulties almost “often” on average, whereas those using buses reported difficulties closer 

to “sometimes.”   

Mode % n 

Dublin Bus 78.6 44 

Luas (tram) 60.7 34 

Irish Rail 33.9 19 

None 5.4 3 

 

Table 4: Transport mode 



Frequency % N 

Daily 51.8 29 

Weekly 39.3 22 

Monthly 3.6 2 

Rarely 5.4 3 

Never 0.0 0 

  

Table 5: Public Transport Use 

 

Figure 11: Frequency of Boarding Difficulties by Transport Mode 

As shown in Figure 11, the mean difficulty rating for tram users was around 3.9 (between 

Sometimes and Often), and for train users it was 4.0 (approximately Often). In contrast, bus 

users reported a lower average difficulty of about 2.9 (between Rarely and Sometimes). This 

pattern suggests that boarding a tram or train tends to be more problematic for wheelchair users 

than boarding a bus, at least in the areas surveyed.  

 

 



Primary Transport 

Mode 

N (single-mode 

users) 

Mean Difficulty 

Score* 

Std. 

Deviation 

Bus (Dublin Bus) 17 2.88 (≈ Sometimes) 0.99 

Tram (Luas) 8 3.88 (≈ Often) 0.35 

Train (Irish Rail) 2 4.00 (Often) 0.00 

 

Table 6: Mean reported boarding difficulty by primary transport mode 

To test the significance of these differences, a one-way ANOVA was conducted. The ANOVA 

confirmed that transport mode has a statistically significant effect on the frequency of 

difficulties, F (2, 24) = 3.47, p = 0.047. This indicates that the disparity in boarding experiences 

between buses, trams, and trains is unlikely due to chance. Specifically, the small number of 

respondents who predominantly use trains or trams tended to report difficulty almost every 

time they travel, whereas bus users reported difficulties somewhat less frequently on average.  

Primary Transport 

Mode 

N (single-mode 

users) 

Mean Difficulty 

Score* 

Std. 

Deviation 

Bus (Dublin Bus) 17 2.88 (≈Sometimes) 0.99 

Tram (Luas) 8 3.88 (≈Often) 0.35 

Train (Irish Rail) 2 4.00 (Often) 0.00 

ANOVA (mode effect) F (2, 24) = 3.47 p = 0.047 – 

 

Table 7: Analysis of Variance test (ANOVA Test) 

However, when the same data were analysed using a chi-square test (treating the frequency 

categories as categorical rather than numeric scores), the difference between modes was not 

statistically significant (χ² = 5.55, df = 6, p = 0.136). In other words, when looking at the 

proportion of respondents in each frequency category (Never/Rarely/Sometimes/Often) across 

modes, no clear association emerged.   



Primary 

Mode 

How often do you observe or 

experience difficulties when 

boarding or alighting with a 

wheelchair (e.g. gaps, steep 

ramps)? 

Observed Expected 
Chi² 

Contribution 

Bus Never 2 1.36 0.301176 

Bus Often 8 10.2 0.47451 

Bus Rarely 6 4.08 0.903529 

Bus Sometimes 1 1.36 0.095294 

Tram Never 0 0.64 0.64 

Tram Often 7 4.8 1.008333 

Tram Rarely 0 1.92 1.92 

Tram Sometimes 1 0.64 0.2025 

 

Table 8: Observed vs Expected Frequencies of Boarding Difficulties by Primary Mode of 

Transport 

Test Statistic  Value  

χ²  5.55  

Df  6  

p-value  0.136  

Significance  Not significant  

 

Table 9: Chi-square Test Results for Boarding Difficulties by Mode of Transport 

The difference between the ANOVA and chi-square results probably stems from how the data 

were handled: the chi-square was a more stringent test that looked for significant changes in 

categorical distributions, whereas the ANOVA, which used a numerical difficulty score, was 

sensitive to the trend that train and tram users tended towards the higher end of difficulty. It's 



possible that the chi-square lacked the power to identify a difference because there were only 

two people reporting train use, making the sample for train users tiny. However, the pattern 

points to more frequent troubles on trains and trams, which is consistent with anecdotal 

information that infrastructure problems, such as wider platform gaps and older vehicle 

designs, can present more difficulties on rail services.  

Qualitative comments from the survey support this finding: for instance, one wheelchair user 

noted that “some train stops don’t align well with ramps,” leading to particularly difficult 

boarding. This quantitative pattern sets the stage for examining why these difficulties occur, 

which is addressed by looking at specific factors and qualitative insights later on.  

4.1.2. Key Factors Contributing to Boarding Challenges  

When asked about the factors that contribute most to wheelchair boarding problems, 

respondents could select multiple options (up to two). The most frequently cited issue was the 

steep ramp incline, selected by about 60.7% of respondents. This implies that a majority have 

encountered boarding ramps that are too steep, making it hard to push a wheelchair up or 

causing instability (especially in cases of higher-than-recommended ramp gradients).  

  

Figure 12: Top factors contributing to wheelchair boarding difficulties 

Nearly as common were obstructions by handrails or doors, cited by 53.6%. Many buses and 

older vehicles have narrow entryways or awkwardly placed handrails that can snag or block 

wheelchair entry, a problem several participants noted in their comments. Platform gaps 



(horizontal distance between the vehicle and the station platform) were the next major issue, 

identified by 44.6% of respondents. A large gap requires a “leap” of the wheelchair or creates 

a risk of wheels getting stuck. Gaps are essentially a result of vehicle-platform misalignment, 

which in itself was also listed explicitly as “misalignment with platform” by 17.9% of 

respondents – a smaller percentage, possibly because some respondents treated platform gaps 

and misalignment as the same underlying issue. Taken together, nearly half of the respondents 

highlighted the lack of level alignment between vehicles and platforms (gaps or height 

differences) as a critical factor. These physical infrastructure issues (steep ramps and gaps) 

echo the context discussed in the introduction: many older transit systems in Ireland and 

elsewhere still have not achieved fully accessible gradients and minimal gap distances.  

Only one respondent (about 1.8%) indicated that “No problem” was observed, meaning 

virtually everyone sees some issue hindering smooth boarding. This underscores that boarding 

difficulties are pervasive, even if the exact causes vary by situation.  

In summary, the quantitative data on contributing factors show that design and infrastructure 

limitations – specifically steep ramp angles, misaligned vehicles/platforms causing gaps, and 

narrow or obstructed entrances – are the dominant sources of difficulty. These findings 

quantitatively confirm the study’s premise that despite advances in wheelchair technology, 

external environmental factors like vehicle and station design remain major barriers. Notably, 

these issues were reported not just by wheelchair users but also by caregivers and other 

observers, suggesting a broad recognition of the physical challenges in public transport 

settings.  

 

 

 

 

 

 

 

 

 

 



4.1.3. Confidence and the Role of Assistance in Boarding  

Figure 13: Confidence and the Role of Assistance in Boarding 

Wheelchair users' (or those helping them) confidence level while boarding without assistance, 

and the importance they place on staff or companion assistance are other significant 

quantitative findings. To analyse this, a Likert scale was employed. In order to interpret the 

phrase "I feel confident boarding without assistance," respondents were asked to score their 

level of confidence on a scale that ranged from Strongly Disagree (1) to Strongly Agree (5). 

The findings indicate that users' confidence in their ability to attempt solo boarding is often 

poor. Regarding their confidence in getting into a car without help, almost half of the 

respondents (around 59%) disapproved or strongly disagreed. The majority were ambivalent, 

with only a very small minority (about 7% overall) agreeing that they are confident on their 

own. There was widespread disapproval of the idea of feeling confident on one's own, as seen 

by the confidence mean score of only 2.41 out of 5. Practically speaking, this indicates that 

solo boarding is uncomfortable for the average wheelchair user (or observer) under the current 

circumstances. This lack of confidence may result from the environmental barriers mentioned 

above; it makes sense that many users believe they cannot board securely without assistance 

when gaps, steep slopes, and other impediments are frequent.  

Respondents strongly emphasised the importance of having staff or other assistance during 

boarding, which is consistent with the low level of independent trust. About 62–63% of 

respondents agreed or strongly agreed with the statement, "Staff assistance or guidance reduces 

boarding difficulties." Just about 5 percent disagreed, with the rest being neutral. To put it 



another way, almost two-thirds of participants agree that it is far easier to board a bus, train, or 

other employee who is willing to help or simply pay attention. This emphasises how crucial 

human support and appropriate training for transport employees are. (In fact, the literature 

raised concerns about staff members' inconsistent training and knowledge, and our qualitative 

findings also raised these issues.)  
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Table 10: Likert scale analysis 

A logistic regression analysis was conducted using a number of predictors to further investigate 

the factors that affect boarding difficulty: whether the respondent uses a wheelchair, whether 

they have mentioned ramp issues as a significant factor, and whether they indicated poor 

confidence (needing assistance). The result asked if the respondent said they have problems 



"often." Low confidence while boarding without help was the only statistically significant 

predictor of frequent boarding difficulty, according to the analysis. The likelihood of 

experiencing frequent difficulties was significantly higher for respondents who lacked 

confidence in their ability to board independently. In particular, the odds of reporting regular 

difficulties were increased by around 10.65 (OR ≈ 10.7, p = 0.001) if one had poor independent 

confidence. This finding is remarkable because it quantitatively highlights a self-reinforcing 

cycle in which people who are hesitant to board alone actually struggle more. This could be 

because they hesitate, position the wheelchair less optimally, or because their lack of 

confidence is a reflection of actual difficulties they expect. According to this theory, boosting 

users' self-esteem by training, supportive technology, or environmental improvements could 

directly lessen real challenges.  

Predictor 
B 

(Coef) 
SE 

Wald 

χ² 
p 

Odds 

Ratio 

(OR) 

95% CI 

for OR 

Intercept (constant) –1.488 0.667 4.99 0.026 – – 

Wheelchair User (vs 

others) 
–1.453 0.962 2.28 0.131 0.234 

0.036 – 

1.541 

Ramp Issue Cited 

(Ramp slope = yes) 
0.433 0.711 0.37 0.543 1.54 

0.382 – 

6.215 

Low Confidence (Needs 

assistance) 
2.366 0.720 10.81 0.001** 10.65 

2.600 – 

43.646 

  

Table 11: logistic regression predicting frequent boarding difficulties 

On the other hand, in this model, reported difficulties were not significantly predicted by the 

respondent's kind of wheelchair use (as opposed to a carer or commuter) (p = 0.131). The 

coefficient suggested that wheelchair users themselves would have fewer challenges than 

carers or onlookers, which is interesting, but the sample size (only 10 wheelchair users) was 

too small to draw firm conclusions. Furthermore, the regression did not show that merely 

mentioning "ramp issues" as a top concern was an independent predictor of frequent difficulty 

(p = 0.543). This is probably because ramp steepness issues are common (many people 

mentioned them) and overlap with the confidence factor (steep ramps directly destroy 



confidence). Ultimately, these results point to confidence (or conversely, anxiety and need for 

assistance) as a critical piece of the puzzle in boarding safety. This insight complements the 

objective factors: even if infrastructure issues are addressed, perceived safety and confidence 

need to be improved to truly enhance the boarding experience.  

4.1.4. Awareness of and Perceived Benefits of Smart Wheelchair Add-on 

Systems  

Given the persistent challenges identified, the survey examined perceptions of technological 

solutions – specifically, sensor-based add-on systems for wheelchairs that could enhance safety 

during boarding (for example, systems with obstacle detectors, automatic braking on slopes, 

audio warnings for gaps, etc.). First, respondents were asked if they were aware of existing 

sensor-based wheelchair add-ons (such as commercially available products like the Braze 

Mobility blind-spot sensors or the LUCI smart wheelchair system).  

 Figure 4.6: Awareness of and Perceived Benefits of Smart Wheelchair Add-on Systems  

Awareness was modest: about 64.3% had heard of these systems (though they do not personally 

use one), and an additional small fraction (5.4%, just 3 respondents) actually use such a system 

on their wheelchair. The remaining ~30% had no awareness of these technologies prior to the 

survey. This indicates that while the concept of smart wheelchair enhancements is circulating 

(roughly two-thirds have at least some knowledge of it), actual adoption is still very low in our 

sample. Many wheelchair users and caregivers might not have had access or opportunity to try 



these add-ons, which is unsurprising given such products are relatively new and can be 

expensive.  

 

Figure 14: belief that adding sensor and audio alert technology would improve boarding safety. 

Many people thought that adding sensors and voice alarms would increase boarding safety, 

even though very few had firsthand experience with sensor add-ons. Adding sensors and 

auditory alarms to a wheelchair would improve boarding safety, according to the participants' 

rating of agreement. Based on the responses, as shown in Figure 14, roughly 75% of the 

respondents agreed to some degree, with more than 50% strongly agreeing. While the majority 

were neutral, only a tiny minority (about 12% total) disagreed. With an average agreement 

rating of about 4.0 out of 5, there is general hope that technology might improve safety. In 

practical terms, most people think that a smart add-on would help prevent accidents or make 

boarding easier, for example, by warning of a gap or stopping a wheelchair before it goes off a 

steep edge. This positive perception was shared not just by tech-aware individuals but broadly, 

even among those who hadn’t heard of such systems before (it appears the idea itself is 

intuitively seen as beneficial).  

It's important to note, too, that despite the high level of enthusiasm, a sizable percentage (about 

one in eight respondents) expressed uncertainty or scepticism. Ten to twelve percent of 

respondents did not think sensors would be helpful, and some (approximately eleven percent 



in our sample) strongly disagreed with the effectiveness of such add-ons. These objections 

suggest that not everyone views technology as a panacea, either because of worries about its 

dependability or the nature of the issues (for instance, a sensor may detect a gap but not 

physically fill it). The qualitative findings will show that some participants did express worries 

about false alarms or ineffectiveness in challenging real-world situations.  

4.1.5. Design Preferences and Adoption Willingness for the Safety Add-on  

To delve deeper into how a smart “boarding safety” system should function and whether people 

would actually use it, the survey included questions on preferred features, willingness to adopt, 

and overall attitudes toward such an add-on module. Participants could choose which types of 

alerts or features they believed would improve boarding safety the most (choosing up to two). 

Four main alert modalities were presented: visual indicators (like flashing lights), audible 

tones/beeps, spoken voice alerts, and vibrations (haptic feedback).  

 

Figure 15: Preferred alert types for a hypothetical wheelchair boarding safety add-on system 

As can be seen from the choices (Figure 15), no single option fully dominates and multisensory 

feedback is crucial. With almost 60.7% of respondents choosing visual signs, this was the most 

preferred option. A wheelchair or ramp's flashing lights or other visual cues are often seen to 

be an effective way to draw attention, such as warning the user or those close of a potential 

hazard. Spoken voice warnings came in second (48.2% of respondents had chosen them). Some 



people may find voice alarms more instructive or difficult to ignore than a basic beep. For 

example, they could say something like "Caution: gap ahead." The next most common voice 

notifications were beeps or audible tones (46.4%); they are more straightforward noises that 

can be combined with other messages.   

Although vibration feedback was the least popular option (32.1%), almost one-third of 

respondents still believed that vibrations (such as those in the wheelchair's seat or joystick) 

would be beneficial. The conclusion is that, in accordance with accessibility best practices 

(which encompass both hearing and vision modalities), a combination of visual and auditory 

alerts is thought to be the most effective. Notably, a sizable portion of users favour vibrations; 

this is probably the case when noise is present or the user may have vision or hearing 

difficulties. Therefore, creating a system with several alert modes (and user choice options) 

would take into account the respondents' diverse preferences.  

Beyond alert types, participants were asked to rate their agreement with several statements 

regarding a potential add-on system for boarding safety. These statements probed their 

willingness to use and trust the system, concerns about drawbacks, and support for 

recommending or funding it.  

Statement about add-on system 
Mean 

(1–5) 

% 

Agree* 

% 

Neutral 

% 

Disagree* 

I would use a modular add-on system 

that costs under €500. 
3.74 57% 20% 23% 

I would trust the system to accurately 

detect boarding hazards. 
3.54 66% 13% 21% 

I would be concerned about false alarms 

from the system. 
3.58 66% 18% 16% 

I would recommend this system to 

others (wheelchair users or public 

transport staff). 

4.00 70% 9% 21% 

I would support public funding for 

widespread adoption of such systems. 
3.96 66% 11% 18% 

Table 12: Respondents’ attitudes toward adopting a wheelchair boarding safety add-on 



Several conclusions can be drawn from these attitude tests. First, 57% of respondents said they 

would use the system if it cost less than €500, only 23% disagreed, indicating a pretty 

substantial willingness to utilise it if it is affordable. The average score of 3.74 indicates that 

money is a significant factor; €500 seems to be a threshold that many people find acceptable 

for these safety enhancements. As will be described later, cost sensitivity also surfaced 

qualitatively as a worry, demonstrating that affordability is crucial for adoption.  

Second, just a small percentage of respondents expressed mistrust (disagreement that they 

would trust the system), but around two-thirds (66%) would trust the system to accurately 

detect hazards. Neutral were the others. This demonstrates cautious optimism: although some 

people appreciate the concept, others are holding out for proof that it won't overlook challenges 

or issue false alarms. Almost same percentage (66%) also voiced concern about false alarms, 

which is telling. In actuality, the mean agreement for "concern about false alarms" (3.58) is 

marginally higher than the midpoint, indicating that respondents generally tended to be 

concerned. In practice, many users are afraid of systems that cry wolf (beep excessively at non-

issues), which might make them irritable or cause them to disregard them. False positives can 

undermine user trust, which is similar to what has happened with other sensor systems. Users 

had a balanced perspective, both optimistic about the technology and cognisant of its possible 

drawbacks (oversensitivity or technological issues), as seen by the respondents' simultaneous 

expressions of trust and concern.  

 

Figure 16: Likert scale analysis of survey response (Graphical Representation) 



A resounding majority (70%) agreed that they would suggest the system to others, while only 

21% were unwilling to do so. This suggests that after being individually persuaded, they 

believe it will benefit the community as a whole, which is encouraging if the product works. 

Similarly, there was strong support (66% in favour vs. 18%) for public funding or subsidies. 

Participants understand that in order for these safety devices to be widely used, they could 

require organisational or governmental support, particularly to help individuals who cannot 

afford even a few hundred euros. The mean score for supporting funding was 3.96, close to 

“Agree,” reflecting that sentiment. This finding resonates with the idea that enhancing 

accessibility is a public good. Respondents likely feel that institutions should help pay for 

measures that improve safety and inclusion.  

Lastly, another question enquired how comfortable the responder would feel if they were given 

easy instructions to install the add-on module on a wheelchair. This was because some people 

may find it difficult to install, particularly if they lack technical knowledge or dexterity. When 

asked if they would feel comfortable or extremely comfortable doing it themselves, almost 

70% said they would. The majority (one respondent in our sample) expressed that they would 

feel "not at all comfortable" with installation, while about 25% expressed no opinion. 

According to this, most users or carers believe that a modular add-on is feasible to create, 

provided that it is made to be user-friendly. Indeed, ease of use was a recurring theme in the 

qualitative feedback – people want a “plug-and-play” solution that doesn’t require advanced 

skills to attach or operate.  

In summary, the quantitative findings on technology adoption are quite positive: most 

participants are willing to embrace a smart safety add-on, especially if it’s affordable and 

proven reliable. They desire multi-modal alerts (visual, audible, etc.) and appear ready to 

recommend and even advocate for funding for such technology. At the same time, they will be 

wary of false alarms and will expect the system to justify their trust by performing accurately. 

This balanced stance provides clear guidance for developers and policymakers: focus on 

reliability and cost, and adoption will likely follow.  

  

4.2. Qualitative Findings  

The survey included open-ended questions (e.g., “In your own words, what improvements or 

features would most increase adoption of this safety system?” and “Any other suggestions or 

concerns related to improving wheelchair boarding in public transport?”). These questions 



elicited rich qualitative feedback, which was analyzed using thematic analysis (Braun and 

Clarke, 2006; Maguire and Delahunt, 2017). Eleven key themes emerged from the responses, 

each highlighting a different aspect of user needs or concerns.  

Theme Codes Example Quote(s) 
Frequency 

(mentions) 

Ease of Use & 

Accessibility 

One-touch controls, voice 

activation, intuitive 

signage, app for carers, 

quick operation, universal 

compatibility 

“One-touch operation or 

voice-activated controls 

for users with limited 

dexterity.” 

14 

Safety & 

Reliability 

Obstacle/blind-spot 

detection, misalignment 

sensors, automatic 

braking, waterproofing, 

stable boarding 

“Features that detect a 

blind spot and beep to 

alert the wheelchair user 

of the hazard.” 

16 

Cost & 

Affordability 

Low price, trial option, 

affordable for small 

operators, cost-benefit 

justification 

“If the system was 

cheaper or had some kind 

of trial option, more 

people would definitely 

give it a try.” 

11 

Customisation & 

User Comfort 

Adjustable alerts, 

vibration option, mute 

mode, sensitivity settings 

“Customisable alert tones 

and the option to mute 

alerts when not needed… 

for users with sensory 

sensitivities.” 

7 

Integration with 

Wheelchair & 

Infrastructure 

Works with different 

wheelchair types, fits 

existing ramps, multi-

lingual or symbol-based 

“Making the alert system 

multilingual or symbol-

based may help users 

with cognitive or 

language barriers.” 

8 



Staff Support & 

Training 

Skilled assistance, prompt 

boarding/alighting help, 

specific powered 

wheelchair handling 

training 

“Transport staff need 

more training in handling 

powered wheelchairs, 

especially when there are 

alignment or locking 

issues.” 

13 

Automation & 

Technology 

Automated ramps, 

driver/staff notification 

system, hazard sensors, 

automatic securement 

“Sometimes the ramp is 

available but the driver 

doesn’t notice me. A 

system that alerts staff 

I’m waiting would be 

amazing.” 

10 

Infrastructure & 

Design 

Better ramp–stop 

alignment, wider ramps, 

consistent ramp height, 

priority space near 

entrance 

“Alignment of the stops 

are not well with ramps.” 
12 

Maintenance & 

Reliability of 

Systems 

Regular inspections, repair 

responsibility clarity 

“Proper maintenance of 

the system.” 
5 

Public 

Awareness & 

Empathy 

Passenger education, 

campaigns to encourage 

patience 

“Some older passengers 

get irritated… There 

needs to be more public 

awareness and empathy.” 

6 

Reporting & 

Feedback 

Systems 

Easy ways to report 

problems and suggest 

improvements 

“Make it easy for users to 

report issues or 

improvements.” 

3 

  

Table 13: Thematic analysis of open-ended responses 



The most frequently mentioned themes were related to technical features (safety/reliability of 

the system, ease of use) and human/infrastructure factors (staff support, infrastructure design). 

We will discuss each theme in turn:  

4.2.1. Ease of Use & Accessibility (mentioned by 14 respondents)  

Participants emphasized that any safety add-on must be extremely easy to use, especially given 

that many wheelchair users have limited dexterity or cognitive load when traveling. Features 

like "voice-activated controls" and "one-touch controls" were proposed by respondents to make 

it easier to use the system without tinkering with intricate settings. In addition, they suggested 

user-friendly displays or signage and possibly a related smartphone app that would allow carers 

to keep an eye on or manage the system. One carer commented that the system should enable 

"quick operation, [be] universal in compatibility" so that it may be smoothly implemented on 

any wheelchair, indicating that speed and simplicity were crucial. "Voice-activated controls or 

one-touch operation for users with limited dexterity" is a quotation that exemplifies this idea. 

Reducing the amount of work needed to use the technology is crucial because if it's too 

complex, it could work against you instead of for you. Therefore, it is essential to have a simple 

and universal design that is compatible with wheelchairs and all users.  

4.2.2. Safety & Reliability (16 respondents)  

Many respondents raised questions about whether the system actually improves safety in 

practice as well as specific safety aspects that would make it effective. Among the features 

mentioned are automatic braking to stop the wheelchair if a dangerous situation is detected 

(e.g., rolling backwards on a steep ramp or nearing a platform edge), misalignment sensors to 

detect when the wheelchair is not properly aligned with a ramp or when there is a gap, and 

obstacle detection (especially covering blind spots that a wheelchair user might not see when 

backing up or approaching a bus ramp). Additionally, reliability came up. For example, making 

sure the system is sturdy and waterproof (because it will be used outdoors in Irish weather).   

Another factor was stability upon boarding: participants wanted a system that could, for 

instance, work with the vehicle or the wheelchair's suspension to keep the chair steady. This 

subject is best shown by the following remark from one participant: "Features that detect a 

blind spot and beep to alert the wheelchair user of the hazard." This indicates a need for active 

hazard alerts, demonstrating that consumers seek for concrete safety advantages such 

notifications for hidden hazards or dangerous openings. All things considered, this topic 

emphasises that although people are drawn to technology, they won't trust it unless it can be 



shown to improve safety and be relied upon in practical situations. Users place a high value on 

reliability since any malfunction or failure to notice a hazard could have dire repercussions.  

4.2.3. Cost & Affordability (11 respondents)  

Cost was a persistent practical issue. Although the quantitative portion set a hypothetical price 

of less than €500, which was deemed acceptable by a small majority, many emphasised that 

the system must be inexpensive or have funding support in order to be widely used. Some 

proposed offering a trial or rental option so that transit operators or passengers may test the 

system out before making a financial commitment. Some noted that small transportation 

providers (such as community transport services) might not have large budgets, thus offering 

subsidies or proving a clear cost-benefit analysis would be beneficial. A poignant statement: 

"More people would definitely give the system a try if it was less expensive or offered a trial 

option." This makes it clear that cost is still a barrier to adoption; no matter how useful a system 

is, it won't be widely adopted if it is too costly. In essence, participants are requesting assistance 

from outside sources (grants, insurance, and public programs) to lessen the financial burden on 

individuals or a fair market price.  

4.2.4. Customization & User Comfort (7 respondents)  

Giving users authority over how the system interacts with them is central to this concept, which 

aims to respect individual preferences and comfort levels. Respondents recommended that 

alarm settings be able to be changed, such as the ability to change the tone, have vibrations 

instead of noises, or regulate the level for audio alerts. Certain users may prefer a soft vibration 

to a loud beep, particularly if they are in a quiet setting like a train car or have sensory 

sensitivity issues. For situations where a user would not require help (such as a normal, familiar 

trip), the option to mute or temporarily disable the device was also proposed. Another 

suggestion was sensitivity settings, which would allow you to adjust the sensors' sensitivity so 

that, for instance, they only sound an alarm for serious dangers or not at very tiny bumps.   

One quotation that exemplifies this subject is: "Customisable alert tones and the option to mute 

alerts when not needed… especially for users with sensory sensitivities." It is clear from this 

that there is no one-size-fits-all solution; in order to be generally accepted, the system must for 

customisation. Here, users are comfortable both physically (not startled or irritated) and 

psychologically (feeling in control and able to customise the system to suit their needs). This 

theme is complementary to the "ease of use" concept in that they both imply that the perfect 

system is plug-and-play and adaptable.  



4.2.5. Integration with Wheelchair & Infrastructure (8 respondents)  

Participants pointed out that the add-on system needs to work in unison with the current transit 

system and wheelchairs. This implies that it should not require a particular kind of wheelchair 

to function and should be compatible with a variety of wheelchair types, including manual and 

power chairs, as well as varied sizes. It should also work with different types of ramps and cars. 

The system should be able to manage both, for instance, if a bus and a train have separate ramp 

mechanisms. Integration and connectivity with infrastructure was another intriguing aspect; 

some people saw the system interacting with the car or station.   

For instance, one suggestion was to make the system multilingual or symbol-based in its 

interface or warnings so that users with different languages or cognitive abilities could use it. 

Another was that it could effectively integrate the wheelchair's system with the larger transit 

system by alerting the driver or station staff when a wheelchair user is trying to board. One 

participant stated that "users with cognitive or language barriers may benefit from a 

multilingual or symbol-based alert system." In addition to the wheelchair hardware, the system 

should be able to accommodate the different user community (language, cognition), as this 

quotation highlights. For the user and environment, integration essentially refers to both 

physical and communicative compatibility.  

4.2.6. Staff Support & Training (13 respondents)  

Many responses raised the human element, particularly the function of transport workers, in 

addition to the equipment itself. A sizable portion of respondents demanded improved 

wheelchair boarding assistance and staff training. If train conductors or bus drivers are 

informed and willing to help when needed, even the best technology will function more 

smoothly. Participants want employees who are adept at using ramps and lifts, know how to 

securely fasten wheelchairs, and are alert—for instance, spotting a wheelchair user waiting at 

a stop and quickly deploying the ramp.  

"Transport staff need more training in handling powered wheelchairs, especially when there 

are alignment or locking issues," was one incisive statement. This is a situation that many users 

encounter: service members may be eager to help but may not know how to do so or may not 

be familiar with particular wheelchair functions, which could cause delays or even accidents. 

The main takeaway from this is that skilled staff support cannot be replaced by technology. 

Instead, the two should work in tandem. For example, a smart alert system may inform staff to 

a user's boarding, but staff members should react promptly and properly. Respondents clearly 



demand consistent excellence in this area and value when employees perform their jobs 

properly (which ties back to known issues of inconsistent staff training highlighted by bodies 

like the NDA, 2020).  

4.2.7. Automation & Technology in Transportation (10 responders)  

A few participants expanded their recommendations to include more automation in public 

transportation to help with boarding. Automated or enhanced ramps (e.g., ramps that deploy 

more smoothly or change their angle to lessen steepness) and systems where the vehicle or 

station sends out notifications in line with the wheelchair's alarms were among the ideas. One 

particular concept was a system for alerting drivers or staff. For instance, if a wheelchair user 

is at a bus stop, a signal may be sent to the bus driver (perhaps activated by the wheelchair 

user's device or app) to ensure that they stop and help.  

In order to reduce time and increase safety, another idea was automatic securement, which 

would use technology to lock the wheelchair in position once it was on board without the need 

for awkward physical belts. These answers are essentially envisioning a smarter travel system 

in which the car and the wheelchair have complementary technology. "There are instances 

when the ramp is available, but the driver doesn't notice me," said one participant. It would be 

great if there were a mechanism that told employees I was waiting. This quotation demonstrates 

a typical annoyance (being ignored) and how technology could address it (by alerting the 

driver). The automation theme focuses on considering the larger system, including how to 

improve buses, trams, and other modes of transportation in addition to wheelchairs. It is 

forward-looking, suggesting that our prototype ideas could be part of a larger smart transport 

ecosystem.  

4.2.8. Infrastructure & Design (12 respondents)  

The physical infrastructure of mobility is the main emphasis of this theme, which both echoes 

and provides answers for the quantitatively defined problems. The respondents advocated for 

improved ramp and stop design, including less steep and wider ramps, more uniform platform 

heights that match vehicles, and making sure that wheelchair places on cars are close to the 

entry and roomy enough. Some have pointed out that some of the current designs are 

ineffective, such as bus stops with excessively low curb heights or ramps that are too small. 

The statement, "Alignment of the stops [is] not well with ramps," is straightforward but 

powerful. (This was probably caused by a respondent pointing out bus stops that weren't 

aligned.)  



In essence, participants contend that many boarding issues would be eliminated if the 

infrastructure were constructed or renovated in accordance with appropriate standards. 

However, until that ideal is reached, at least design any new interventions (technical or 

procedural) with these physical concerns in mind. This includes standardising factors like the 

gap and step height (such that sensor systems might not even be as necessary). The fact that 

this theme is so prevalent (12 references) serves as further evidence that accessible 

environments must be created in addition to smart wheelchairs. It serves as a crucial reminder 

that our study's focus on a wheelchair add-on only tackles one aspect of the issue; respondents 

are obviously aware of the wider picture and call for concurrent infrastructural changes.  

4.2.9. Maintenance & Reliability of Systems (5 respondents)  

The maintenance of any adopted solution was the subject of a smaller but noteworthy collection 

of remarks. Whether the equipment is the vehicle's ramps or lifts or an add-on module, users 

are concerned about who will maintain it. Regular inspections and unambiguous accountability 

for repairs are emphasised. For instance, who has responsibility for a safety add-on system's 

failure or malfunction—the user, the manufacturer, or transportation agencies? They added that 

maintenance is essential, otherwise the best-laid plans fail because many accessibility elements 

on public transportation, such as lifts on buses, frequently malfunction. One participant 

summed up what should be a top priority in any deployment with the words, "Proper 

maintenance of the system." The theme here is that consistency and reliability over time matter. 

It’s not enough to have a great system on paper; it needs to work day in and day out. Users fear 

scenarios where everyone gets an add-on device, but after a year, half of them are non-

functional due to lack of servicing, or transit staff ignoring upkeep of their part of the system. 

This practical perspective reminds us that any implemented solution must have a maintenance 

plan to ensure longevity and trust.  

4.2.10. Public Awareness & Empathy (6 respondents)  

Wheelchair users encounter a number of social as well as technological obstacles. Several 

respondents reported instances in which other travellers, possibly irritated by the additional 

time required, were impatient, impolite, or unhelpful when a wheelchair user was boarding. As 

a result, public education and the development of patience and empathy became a central 

subject. Among the suggestions are public awareness initiatives to educate other travellers on 

the value of accessibility and the justifications for any delays or modifications. People should 

be made aware, for instance, that waiting a few minutes while a wheelchair boards securely is 

a basic politeness and not a reason to complain.   



According to one reply, "When wheelchair users take their time boarding, some older 

passengers become agitated." More empathy and public awareness are required. This quotation 

emphasises how some people may mistakenly blame the wheelchair user for "delaying" the trip 

because they do not fully comprehend the difficulties involved. Accordingly, respondents 

believe that influencing public opinion is a component of the solution; infrastructure and 

technology can be helpful, but for travel to be truly inclusive, a thoughtful setting is also 

required.  

4.2.11. Reporting & Feedback Systems (3 respondents)  

Finally, some participants recommended ways to improve the way that problems are reported, 

and feedback is gathered. They want simple methods to report issues with boarding or make 

suggestions for enhancements, such as an app, a hotline, or direct feedback to transportation 

officials. Even after initial deployment, this theme, which is the least discussed, focuses on 

making sure that the user's voice is heard. When a new ramp style or add-on module is 

implemented, for example, there ought to be a channel where users can communicate whether 

everything is functioning well or if they run into any new problems. A participant said, “Make 

it easy for users to report issues or improvements,” indicating that continuous improvement 

and user feedback loops are important. Essentially, rather than assuming a solution will work 

perfectly from the get-go, there should be a mechanism to learn from real-world use and adapt 

accordingly.  

To sum up, the qualitative results offer a complex picture of what interested parties anticipate 

from enhanced wheelchair boarding security. The topics cover everything from particular 

technological aspects (sensors, automation, warnings) to human considerations (training, 

empathy) and systemic problems (maintenance, cost, infrastructure). Any successful solution 

needs to be comprehensive, combining dependable technology with user-centred design, 

infrastructure that supports it, skilled employees, and an informed public. Along with providing 

insight into why those figures are what they are, the insightful remarks and recommendations 

from participants also support the quantitative trends (for example, worries about false alarms 

are consistent with the quantitative finding that 66% of people are concerned about them). For 

example, the strong support for multi-modal alerts in quant is echoed by qualitative calls for 

customizable visual/auditory signals; the importance of staff help is echoed by calls for better 

training, and so on. These points will be further integrated in the discussion below.  

 



4.3. Summary of Findings and Analysis  

In summary, the results and analysis show that while the transportation ecology is gradually 

getting better, wheelchair users still face several obstacles. Smart wheelchair technology has 

potential and is well-received by the community, but it needs to be implemented in a supportive 

environment, which includes improved infrastructure, knowledgeable other passengers, and 

trained staff. The study's findings are consistent with the idea that a mix of engineering, design, 

policy, and educational initiatives is needed because no single innovation is a cure-all. By 

tackling both the "soft" (people and infrastructure) and "smart" (technology) components, we 

can get closer to providing wheelchair users with safe, respectable travel experiences. This 

research contributes a data-driven evaluation of the current gaps and offers a user-informed 

direction for bridging those gaps, thus helping transit authorities, designers, and advocates 

prioritize interventions that will have the most impact on making public transportation 

genuinely accessible for all.  

4.4. Discussion  

A thorough grasp of the difficulties and possible solutions for enhancing wheelchair boarding 

safety in public transport is offered by the combination of the quantitative and qualitative 

results. The study topics and the previously defined larger context are taken into consideration 

while interpreting these findings in this section. We go over the limits or surprising findings, 

the implications for design and policy, and how the evidence addresses the study's goal. 

Although the results generally support the main idea that wheelchair technology advancements 

alone have not completely removed enduring obstacles in the transit environment, they also 

point to practical methods to make travel safer and easier.  

4.4.1. Persistent Barriers and the Need for Environmental Improvements  

Our original finding that many transit systems are not yet universally accessible is supported 

by the most obvious result, which is that problems with the physical infrastructure continue to 

be a major source of boarding difficulties. The majority of respondents cited steep ramps and 

platform gaps as important challenges, which align with established design constraints (IWA, 

2020). For example, older train or tram stations sometimes have significant gaps, and many 

buses still have ramps that are higher than the advised slope. Our results demonstrate that these 

problems are not merely theoretical; they frequently result in actual challenging situations or 

near-accidents.  



The research pointed out that Ireland's older transport system regularly falls short of 

contemporary accessibility norms (Mwaka et al., 2023), and our survey participants often 

mentioned these issues (e.g., "alignment of stops not well with ramps"). The inference is that a 

key component of the answer is infrastructural improvements (wider, less steep ramps; 

standardised platform heights; gap reduction). This is in line with earlier demands by advocacy 

organisations to replace or repair antiquated facilities (IWA, 2020). Even the smartest 

wheelchair is limited in its capabilities without such advancements; a sensor may alert users to 

a gap, but the gap will still exist physically. Therefore, it is suggested that transportation 

authority’s promote assistive technologies and expedite infrastructure improvements.  

4.4.2. Human Factors – Confidence and Assistance  

The human element of accessibility is highlighted by this study, particularly the significance of 

staff support and user confidence. Low confidence in independent boarding is a substantial 

predictor of frequent issues (OR ~10.7), according to the quantitative results. It implies that in 

addition to physical restrictions, psychological and experiential factors—such as fear of falling 

or lack of practice—are involved. Researchers Poli and Malagas (2024) have identified a gap 

in the literature by pointing out the absence of information on the relationship between user 

perceptions (confidence, fear) and actual accessibility outcomes. This fills that gap. We show 

that those perceptions are significant: Increasing self-assurance could directly lower the 

number of events.  

This could be accomplished by providing wheelchair users with training programs that teach 

them safe boarding skills, possibly in conjunction with transit officials, or by exposing them to 

the vehicle gradually in controlled environments to foster familiarity. The majority of our 

participants, however, value staff support, which is in line with earlier findings. According to 

the qualitative feedback, which calls for improved staff training ("staff need more training in 

handling powered wheelchairs"), issues can occasionally develop not only because of the 

infrastructure or the wheelchair but also because of staff members who malfunction in the lift 

or bus positioning.  

Training on ramp operation and handicap awareness has been implemented by several transit 

agencies, but the results indicate that it is not consistent. The implications for transport 

operators are obvious: frequent, practical training for conductors and drivers on how to help 

people with disabilities can have a significant positive impact on safety. Furthermore, our 

research indicates that regulations such as providing a second staff person to aid wheelchair 



boarding at busy train stations should be taken into consideration, as user confidence is 

significantly increased when assistance is guaranteed. These findings support the research goal 

that a strong human support system is necessary and that technology (smart wheelchairs) is 

insufficient on its own. Together, a self-assured user and a capable employee can overcome 

obstacles that neither could on their own.  

4.4.3. Technology as a Promising Complement (with Caveats)  

The general positive attitude of participants towards sensor-based safety accessories supports 

the study's investigation of this technology. A comparable percentage stated they would support 

and even help finance the introduction of these devices, and almost 75% think they can increase 

safety. The awareness that technology could bridge some of the gaps left by human capabilities 

and infrastructure is reflected in this enthusiasm. Sensors, for instance, may operate as a 

proactive brake and a second pair of eyes by spotting obstacles or warning of unsafe gaps 

sooner than a human could. Sensor systems have been shown to reduce certain accidents in 

controlled trials in the literature (Leblong et al., 2021).  

Instead of presenting lab results, our study offers real-world user viewpoints and highlights two 

crucial cautions: false alarms and trust. They will trust the system if it turns out to be intelligent 

enough to avoid raising false warnings, as evidenced by the fact that two-thirds of respondents 

both trust it and worry about false alarms. Qualitative statements about guaranteeing 

dependability ("proper maintenance of the system," "no false alarms") emphasise that if a 

device starts beeping unnecessarily (for instance, because of rain on the sensor or every 

sidewalk bump), users may turn it off or ignore it, negating its safety benefit. This is a well-

known problem in technology adoption discussions: how to increase real positives and decrease 

false positives.  

For those who build such systems, machine learning and calibration may be crucial; perhaps 

the system can learn the peculiarities of a given route or let users adjust sensitivity. It's 

significant that some respondents raised worries about stigma ("false alarms… and stigma; 

importance of optional modes" was mentioned). If an alert is overly frequent or gives the 

impression that the user is "setting off alarms," it may cause embarrassment or unwanted 

attention. To make the technology both socially and operationally acceptable, design discretion 

(e.g., a private vibration vs. a public loud warning in some circumstances) should be taken into 

account.  



4.4.4. Integration of Quantitative and Qualitative Insights (Mixed-Methods 

Perspective)  

Our quantitative and qualitative results can be used to provide a more comprehensive response 

to the study questions. Quantitatively, we saw that more than half of the respondents regularly 

experience problems on specific modes (trains/trams); qualitatively, we discovered that these 

issues are commonly caused by particular variables, such as uneven platform alignment. 

Additionally, we discovered numerically that only about 7% of users felt comfortable boarding 

by themselves. Qualitatively, we heard the emotional toll that this number took, as users 

expressed worry and anxiety, and one even highlighted "emotional stress from delays" when 

things go wrong.  

As a result, the numbers become more meaningful because fear is a part of the lived experience 

rather than merely nuisance. Another integration point: individuals expressed that they want 

multi-sensory input (lights, noises, vibrations) and flexibility, which describes how they want 

such sensors to assist. Sensors and warnings also received a thumbs up in terms of numbers 

(mean agreement ~3.94). These connections were amply demonstrated by the joint display 

(quant–qual integration table) produced during analysis. The cost and integration themes, for 

instance, explain why someone might hesitate even though they are technically comfortable 

with installation. One row, for instance, indicated that 71.4% of respondents were comfortable 

with installation (quant), and it was connected to the theme that affordability, reliability, and 

compatibility drive willingness (qual).  

58.9% of respondents valued staff support (quant), according to another row, and they 

connected it to the demand for timely, well-trained staff (qual). The strands' consistency gives 

our conclusions more assurance because the results are solid when they come from independent 

data sources (Evans et al., 2011). Additionally, it indicates that our survey attained saturation 

on important topics; the fact that no one mentioned anything significantly different from the 

survey alternatives on their own demonstrates that our combined method effectively captured 

the primary areas of interest.  

 

 

  



Theme 
Quantitative 

Evidence 
Qualitative Insights Representative Quote 

Low 

confidence in 

independent 

boarding 

50% disagreed 

they felt confident; 

Mean Likert score 

2.42 

Confidence drops 

with steep ramps, 

platform gaps, and 

door obstructions; 

emotional stress from 

delays 

“Sometimes the ramp is 

available but the driver 

doesn’t notice me. A 

system that alerts staff I’m 

waiting would be 

amazing.” 

Ramp slope 

and alignment 

issues 

Steep ramps cited 

by 60.7%; 

misaligned stops 

by 44.6% 

Poor alignment 

creates tipping 

hazards; 

infrastructure not 

standardised 

“Some stops don’t align 

well with ramps. It would 

help if the system also 

alerted staff for support.” 

Value of 

sensor-based 

safety systems 

69.6% agreed 

sensors/audio 

alerts improve 

safety; Mean score 

3.94 

Desire for multi-

sensory feedback 

(lights, sounds, 

vibrations); alerts 

should be 

customisable 

“Customisable alert tones 

and the option to mute 

alerts… especially for 

users with sensory 

sensitivities.” 

Preferred alert 

types 

Visual (60.7%), 

spoken (48.2%), 

audio tones 

(46.4%), vibration 

(32.1%) 

Accessibility must 

cover vision, hearing, 

and cognitive 

impairments 

“Making the alert system 

multilingual or symbol-

based may help users with 

cognitive or language 

barriers.” 

Adoption 

willingness 

71.4% 

comfortable with 

installation; strong 

funding support 

Affordability, 

reliability, 

compatibility across 

wheelchair types is 

key 

“If the system was cheaper 

or had some kind of trial 

option, more people would 

give it a try.” 



Staff role in 

safety 

Assistance rated 

valuable by 58.9% 

Need for prompt, 

well-trained staff at 

both boarding and 

alighting 

“Transport staff need more 

training in handling 

powered wheelchairs, 

especially when there are 

alignment or locking 

issues.” 

Public 

awareness and 

empathy 

N/A (not directly 

measured in Likert 

items) 

Older passengers 

sometimes get 

frustrated; need 

education campaigns 

“Some older passengers 

get irritated when 

wheelchair users take time 

to board. There needs to be 

more public awareness and 

empathy.” 

Prototype 

reception 

Positive scenario-

based ratings; 

increased 

confidence 

reported 

Concerns over false 

alarms, alert volume, 

and stigma; 

importance of 

optional modes 

“It’s good as it is, but add 

voice alerts when 

boarding.” 

 

Table 14: joint display: integration of quantitative and qualitative findings 

4.4.5. Implications for Design of the Add-on System  

An ideal "smart wheelchair boarding aid" is outlined in the user comments. It should be 

inexpensive (a few hundred euros or with subsidies), simple to set up and operate (plug-and-

play, one-touch activation), and offer multimodal alerts (visual and auditory, with the option of 

vibration). It must be dependable (waterproof, sturdy sensors) and intelligent enough to prevent 

false alerts or, at the very least, let the user adjust it. Customers want to be able to adjust the 

volume, select the sort of alert, and turn it off when not in use, thus customisation is crucial. In 

terms of integration, it need to work with any wheelchair and preferably be able to speak with 

cars (for example, a future enhancement could be that when the wheelchair sensor detects a 

misaligned ramp, it signals the vehicle to adjust if possible, or alerts the driver).   

In order to accommodate all users, it is important to make voice alerts multilingual or use 

simple tones and icons. This is because some users or bystanders may not understand English 



voice alerts, which is why symbol-based communications are suggested. The high level of 

interest in voice alerts suggests adding a speaker that can say messages. Privacy and dignity 

should also be taken into account; the system should support the user without making them feel 

special or childlike. For example, depending on the situation, a soft light or vibration may 

occasionally be better than a loud statement. These subtleties are crucial for directing the 

subsequent stages of design and are directly derived from user voices in our data. Engineers 

and designers can use our checklist, which is derived from actual stakeholders, to assess 

prototypes.  

4.4.6. Policy and Training Implications  

From a policy standpoint, the results support a multifaceted strategy to increase accessibility. 

Infrastructure, training, and subsidies should all receive investment rather than just one aspect 

(such as purchasing devices). This mandate might be used to campaign for government grants 

or transportation agency budgets to cover these systems for individuals who cannot afford 

them, as two-thirds of participants are willing to have public dollars spent on accessibility 

technology. Additionally, a large percentage of our respondents were commuters or carers 

rather than wheelchair users themselves, indicating that these problems are acknowledged by 

the community as a whole.  

For instance, if regular commuters acknowledge delays and seek improvements, there may be 

more public support for accessibility initiatives than one may think. This community awareness 

can be used to advocate for changes. In addition to technical solutions, the inclusion of public 

awareness campaigns implies that education programs (such as politeness campaigns or 

educational posters regarding wheelchair boarding etiquette) could enhance the social 

environment for accessibility. Also, considering the combination of challenges and poor 

confidence, maybe transit agencies should provide wheelchair users with orientation sessions 

(some cities have 'try the bus' days where people with disabilities can practise getting on a 

parked bus with staff help, to build confidence). These initiatives, when paired with our 

suggested alert system, might significantly lower anxiety and boost self-reliance.  

4.4.7. Evaluation of the Hypothesis and Contribution to Knowledge  

The basic hypothesis of this research was that because of external factors affecting the 

architecture and operations of public transit, sophisticated wheelchair technology has not 

completely resolved enduring accessibility issues. The results provide substantial support for 

this theory. Even while participants are aware of smart technologies and are generally positive 



about them, we found that they still frequently experience boarding issues, primarily because 

of infrastructure and uneven support. Although modern wheelchairs with advanced sensors and 

braking (such as those mentioned in earlier studies) are useful, our findings indicate that they 

occasionally actually run into obstacles when they are in the presence of a poorly constructed 

car or an untrained attendant.   

A real-world example raised in our background (the Dublin Luas tram incident in 2024 where 

a sensor-equipped wheelchair got stuck in a gap) is a case in point, and our data echoes that 

scenario: respondents reported platform gaps and also voiced that sensors would be great, but 

only if the gap issue is managed. Thus, the study contributes empirical evidence from Ireland 

(complementing work in other countries like the UK by Velho, 2019) to illustrate that 

technology must be complemented by environmental and human-factor solutions.  

Additionally, by using a mixed-methods approach, we were able to record not just the issues 

but also their causes and potential practical solutions. As the literature review points out, not 

many research has connected quantitative information on incident frequency with qualitative 

information on user experiences in the context of Irish public transport, making this a 

noteworthy contribution. This link has been supplied. For instance, we now know both 

numerically that "trains are hardest to board" and qualitatively that "trains have large gaps at 

certain stations causing that difficulty"—a relationship that was previously primarily 

anecdotal.  

 

 

 

 

 

 

 

 

 

 



CHAPTER FIVE: CONCLUSION AND 

RECOMMENDATIONS 

This study demonstrates that boarding is still hampered by enduring infrastructure problems, 

particularly steep ramp inclines and vast platform gaps, especially on trains and trams, but 

buses provide comparatively fewer challenges. Which design and safety constraints have the 

biggest effects on Irish public transport? This topic is immediately addressed by these findings, 

which translate to Objective 1. This is consistent with the systematic review by Unsworth et al. 

(2021), which shows that ramp access and manoeuvrability continue to be persistent obstacles 

in practical situations (Unsworth et al., 2021). 

Two key elements that stood out were staff support and user confidence. In line with Velho's 

(2019) results that transit usage is restricted by fear and negative emotions, low confidence in 

solo boarding strongly predicted boarding difficulties (OR 10.7). This immediately answers the 

study question on autonomy and support that is related to Objective 3 (Velho, 2019). 

Respondents favoured multimodal alerts, affordability, customisation, and dependability when 

it came to technology, and they viewed sensor-based add-ons as a promising advancement. 

These observations address Objective 2, which is to evaluate assistive features. Comparable 

research indicates that integrating technology with environmental and psychological support 

improves independence (Mwaka et al., 2024). 

Beyond technological solutions, there was substantial support for non-technical measures such 

as maintenance systems, feedback pathways, and public empathy campaigns. This met 

Objective 4 and answered the issue about practical enablers for accessibility. Calls for inclusive 

design and user-centred policy are more general and echo these. 

It was surprising to learn that wheelchair users reported fewer challenges than commuters and 

carers. This could be because of adaptation or underreporting, which is a topic that needs more 

research.  Overall, the results support the initial theory that more extensive environmental and 

societal constraints cannot be addressed by sophisticated wheelchair technologies alone.  An 

integrated strategy, better infrastructure, human-centered support, sympathetic public 

sentiments, and responsible technology is needed to achieve truly inclusive transit. 



 5.1. Limitations  

It's critical to recognise the limits of this research while analysing the findings. First, although 

it is enough for this study, the sample size (N=56) is modest and does not accurately represent 

all wheelchair users in Ireland. Just 10 responders (18%) were wheelchair users, specifically. 

Though knowledgeable, the remaining individuals were not the major users themselves, such 

as carers or observers. For example, carers may overestimate difficulties out of worry, while 

commuters may not be aware of all the internal struggles a wheelchair user has. This could add 

bias. The data from various respondent groups, however, was generally consistent.  

However, by collaborating with disability organisations to conduct targeted interviews or a 

broader poll, Braun's research should aim to include additional perspectives from real 

wheelchair users. Second, conducted our investigation in a particular environment, which was 

mainly Irish urban transit with some rural responses. Regions with differing transportation 

design may yield different results (for instance, cities with newer infrastructure may not have 

the same frequency of ramp and gap difficulties).   

Nevertheless, several of the findings may have generalisable implications (e.g., the concern 

over false alarms or the demand for multi-modal notifications). The reliance on self-reported 

data is another drawback. Neither boarding incidence measurements nor prototype field testing 

were done.  

Consequently, a discrepancy between what people say and what they would actually do may 

exist. A prototype add-on might be tested with a small group of wheelchair users in authentic 

boarding scenarios to monitor genuine usage patterns and collect comments, which could either 

support or contradict the findings of our survey.   

Lastly, even though the qualitative analysis is comprehensive, it is open to the researcher's 

interpretation. Another researcher might categorise themes slightly differently from what this 

research did, despite the best efforts to be methodical (using coding and counting mentions). 

However, the primary concerns (pricing, ease, safety, etc.) are clearly seen in the unfiltered 

remarks  

 



5.2. Suggestions for Further Research  

Using a combination of repeated surveys, ecological momentary assessment (EMA), and real-

time incident logging from on-chair sensors and smartphones, a longitudinal mixed-methods 

approach should track the same participants across time and across routes. This complies with 

best-practice mixed-methods guidelines and captures trend and context effects that a cross-

sectional snapshot would miss (Campbell et al., 2012). 

Simultaneously, use a staged or cluster/stepped-wedge rollout across depots to field-test a 

boarding safety prototype (sensor/alert module) in real service, utilising on-device analytics 

and blinded adjudication of "events." Manage device risk and ethics in accordance with ISO 

14155 and report the observational elements to STROBE and any interventional elements to 

CONSORT. 
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identified. These processes will be communicated in the Participant Information Letter to 

maintain transparency. 

 

 

  

SECTION 7: NON-DISCLOSURE AGREEMENT & STUDENT CONSENT  

 

https://www.hrb.ie/funding/gdpr-guidance-for-researchers/gdpr-and-health-research/


7.1 Non-Disclosure Agreement (NDA) 

Will the final dissertation contain any information pertaining to any source what would 

warrant the use of a Non-Disclosure Agreement (NDA) e.g. industry-based research? -                   

 

No 

 

7.2 Student consent  

If a Non-Disclosure Agreement (NDA) is not required, does the student consent to allow their 

completed dissertation to be held/published by Innopharma/Griffith College?   

     

         

              Yes  

 

 

SECTION 8: RECORDING AND RETENTION OF DISSERTATION VIVA  

 

8.1 Viva Recording 

The Dissertation viva will be recorded. This recording may be used to facilitate assessment 

by Innopharma staff, a third reader if necessary, and/or if requested by the external examiner 

for the Programme. The recording will be held in line with current GDPR guidelines and will 

not be made publicly available.        

 

 

 

SECTION 9: DOCUMENT CHECKLIST 

NOTE: Applicants must attach the following documents in electronic format to the appendix.  

Which documents are added to the appendix? Please tick N/A if not applicable:  

9.1 Participant Information Letter (PIL) for participant      Yes  

9.2 Informed Consent Form (ICF) for participant                N/A 

9.3 Questions/survey for interviewees/focus groups etc (can be in draft form)  Yes 

9.4 Any other documents e.g. Non-Disclosure Agreement               N/A 

 

I confirm that this application is complete and all required documents are included in the 

appendix. 



 

For Student: 

  

STUDENT SIGNATURE: 

 

DATE: 03-07-2025 

 

 

 

 

Participant Information Letter 

 

SMART WHEELCHAIR SAFETY AND ACCESSIBILITY IN PUBLIC TRANSPORT: A 

DATA-DRIVEN EVALUATION OF DESIGN LIMITATIONS AND REAL-WORLD 

CHALLENGES 

 

My name is Akshaya Radhan, and I am a researcher at Griffith College, Ireland, currently 

studying my master’s in Medical Device Technology & Business. I am conducting a research 

project to understand how smart wheelchair design features, such as sensors, collision-

avoidance systems, and docking mechanisms, interact with real-world public transport 

infrastructure in Ireland, and to identify improvements that can enhance safety and 

independence for wheelchair users. If you agree to participate, you will be invited to 

complete a survey, which will be sent to you as a Google Form. Completing the survey will 

take approximately 10-15 minutes of your time. 

Since you are familiar with Irish public transport and smart/electric wheelchairs, I am inviting 

you to participate in this study. Your opinions are important, regardless of whether you are a 

wheelchair user who regularly takes buses, trams, or trains, a medical professional who 

advises or instructs patients on powered wheelchairs, a transport worker who assists 

wheelchair users, or an average traveller who observes accessibility issues. With your help, 

we can more accurately evaluate how well-suited the current smart-wheelchair technologies 

are for real-world transit situations and pinpoint areas where acceptance, usability, and safety 

could be enhanced. 

 

There is no obligation to participate. You are free to decline to participate in this study in any 

way or to not respond to any of the survey's questions. Additionally, you are free to leave the 

study at any time without facing any repercussions. 

If you need to withdraw, please contact: 



- Akshaya Radhan Puthoor 

- Phone: 0894904217 

- Email: akshayaradhan.puthoor@student.griffith.ie 

 

There are minimal risks associated with participating in this study. You are free to withdraw 

from the study till 7 days after completion of the research, after which the response will be 

used for the research. 

 

Confidentiality and Data Protection: 

All your information will be kept confidential. Your name and any other identifying 

information will be removed from the final responses and any reports generated from this 

research. The survey data will be stored securely on a password-protected OneDrive and will 

be deleted 1 year after completion of the research. 

Results outcome 

The primary outcome of this research will be the completion of my Master's thesis at Griffith 

College. The thesis will be accessible through the college library and may potentially be 

made available electronically through online repositories. All dissertation research projects, 

and their content, will be made accessible in the college library and could potentially be made 

available in online e-journals  

For additional details regarding the study's objectives, methodology, ethical considerations, 

participation requirements, potential risks and benefits, data handling, or results 

dissemination, please contact: 

Supervisor Name: Shauna Coen 

Mail: shauna.coen@griffith.ie 
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