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Abstract

Public transit is the heartbeat of most cities around the world. It gives communities access to
employment and services like health and education. Policy recommendations, interventions, and
research on public transit often focuses on drivers as the primary stakeholder. This same focus is
evident in the recent proliferation of machine learning interventions in public transit technologies.
They neglect the influence and impact of these machine learning interventions on other stakeholders in
the public transit ecosystem. This focus runs the risk of automating inequities within future mobility
systems. In this dissertation, we argue that to design for equity in public transit, we should have
an understanding of the broader public transit ecosystems in which we are deploying transit Al
technologies. My completed research studies traverse two geographic contexts, East Africa and North
America. My work shows an underlying influence of trust on relationships within the ecosystem, and
unique stakeholder appropriation of transit technologies. Conversely, we also found a suspicion of
advanced smart transit interfaces. Thus, we propose that to design for equity in smart transit systems,
designers and researchers should consider two dimensions of trust: trust in the interfaces and trust
between stakeholders within the ecosystem. My last work focuses on the first dimension, trust in the
interface. We co-created the Jacaranda Framework — a framework of concerns relevant to disabled
riders’ use of smart transit interfaces. We also demonstrated how principles from the framework
could improve users’ holistic experience with smart transit interfaces. This thesis makes the following
major contributions: 1) Establishes a multidimensional connection between Trust and Ecosystems,
2) Demonstrates a need to understanding the entire ecosystem when considering new technologies,
3) Presents the Jacaranda Framework — a framework of concerns relevant to disabled riders’ use of
smart transit interfaces, and 4) Demonstrates how methodologies can be adapted for research in these

areas.
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Preface

Fig. 1 A wheelchair user strikes a pose in a narrow hallway in a building in Kampala. Image courtesy
of Zahara Abdul.

In this section, I discuss the language that I use in this document. The populations I work with
come from different geographies and hold many identities. It is my aim to represent the views and
opinions of my participants with respect and dignity. In the subsections below, I cover the histories

around some of the languages I will use.

Disability Models & Language

In many societies, disability models influence languages and perceptions about disability. There
are six commonly used models of disability [8, 47]: moral, medical, rehabilitative, social, diversity,
and minority. The moral model is one of the oldest models. Under this model, people believed that
disabled people should be pitied and the object of charity. The language used makes disabled people
feel less than or suggests their disability was a result of sin. The medical model came next, in the
19th century. Under this model, people are referred to solely by their impairments. This model comes
under critique for elevating the disability above the person. The rehabilitative model focuses on
equipping disabled people to cope with their disability. This model relies on tools and strategies. The
social model, however, shifts the focus from the disability and the individual onto society. The model
suggests that societies need to address social barriers that limit the participation of disabled people.
Social barriers are categorized as both in people’s attitudes and in the physical world. The last two

models are the diversity and minority models. They are newer models that propose that disability is



part of an individual’s identity. They assert that disability is like demographic information, such as
race.

The language and terms used to describe disabled people are borne out of the prevalence of these
models. For instance, language referencing disabled people in the earlier two models often used
derogatory terms. People were objectified while their disability was elevated. Person-First language
focuses on placing the individual before their disability. Proponents of the Person-First language
approach argued against the use of language that dehumanizes disabled people [200]. Acceptable
language included phrases like "person with a disability" instead of "disabled person". This form
of phrasing has been widely adopted among academic professionals in the United States. The
newer models advocate for the use of Identity-First Language. As a counteraction to histories of
marginalization and oppression, this model focuses on disability as an identity. This involves using
phrasing like disabled people.

There is a recent effort to investigate the language preferences of disabled people. Sharif, McCall,
and Bolante [178] surveyed disabled people from twenty-three countries and found a majority
preference for identity-first language. They also noted that some disabled people had no preference.

For the rest of this document, I shall use identify-first language, such as disabled people, blind

and low vision, motor/mobility disability, vision-related disability etc.

Geographies & Language

The work presented in this document covers multiple countries, including two in East Africa. Countries
on the African continent have often been given many labels when written about in academic and pop
culture settings.

These labels are often a result of geopolitics. They include third-world countries, developing
countries, developing nations, the Global South, and emerging economies. Each of these labels has
specific connotations attached to it. The third-world label has derogatory implications. The third
world is often used synonymously with poor or destitute or the image of hunger-stricken children
outside of a hut. This is an inaccurate picture of the diversity that exists within the different countries
on the African continent. The next two labels (i.e., developing countries and developing nations) were
then introduced in an effort to move away from derogatory terminology. However, the juxtaposition
of "developing" against "developed" often raised questions about whether some countries were being
unfairly measured against others. It typically sets developed nations as the goal to which developing
countries should aspire.

More recent terminology has included phrasings such as the Global South and emerging economies.
One definition of the Global South is "the resistant imaginary of a transnational political subject that
results from a shared experience of subjugation under contemporary global capitalism" [127]. It is
this term that I will use throughout this paper when collectively referring to countries on the African

continent.
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Positionality

There is a recent practice in academia to reflect on the biases, identities, and ideologies that researchers
may unknowingly bring into their work. It is through this lens that I reflect on my positionality in this
work. I am an African female who was born and raised in urban cities in East Africa. Because of this,
I have a very specific lens on how individuals from this region should be represented. While this may
seem obvious, I find it useful to be explicit. Secondly, I do not have a disability. As a non-disabled
individual doing research in a space where I do not have first-hand experience, I have had to examine

my own preconceived biases.

This will also be the last chapter that I use the pronoun "lI". To honor all my collaborators, 1

will use "we" when describing study methodologies.
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Chapter 1

Introduction

Public transit is essential to growing cities around the world. Moreover, access to sustainable public
transit is dubbed as an essential human right by the United Nations [140]. Public transit systems are
composed of a diversity of elements, from physical vehicles, to infrastructure like sidewalks and roads,
to mobile interfaces that provide access to information on public transit systems. Consideration of
these elements is further complicated by the humans who interact with them. From drivers, to riders,
to policy makers, each human group comes with their own needs, perspectives, and biases.

Public transit has a goal of providing universal access to mobility for the populations that it serves.
However, past research has shown how public transit has sometimes fallen short of its goal. In North
America, this is usually seen in policies that favor specific populations over others [189, 195]. This
limited access to public transit inadvertently creates vulnerabilities to populations that are already
marginalized and thus increase barriers in access to other services (e.g., employment [123], health
[187]). In East Africa, these inequities take the shape of complex politics and policies [73], competing
international interests, and the displacement of low-income communities [110].

Recent years have seen the explosion of technologies into public transit [139, 1, 39, 74, 163,
107, 160]. Across the globe, urban cities are looking for innovative ways to include cutting-edge
technologies to improve the efficiency of their public transit. These technologies have included
reducing barriers to public transit information by leveraging mobile phones [208, 7, 157]. Other
innovative methods have included ways to diversify public transit through e-bikes and scooters as
first- and last-mile vehicles [210]. Diversification through ride-share technologies has seen particular
success in both North America and East Africa. These ride-share technologies have provided
alternative on-demand access to mobility services that were previously reserved for people who
owned vehicles. In East Africa, ride-share technologies also include access to two- and three-wheeled
vehicles in addition to the standard four-wheeled cars and vans. Recently, in a bid to transition to
clean energy solutions, some cities across East Africa are starting to introduce electric vehicles as part
of their public transit fleet [28, 126, 75, 99, 18].

While these new technologies appear to improve efficiency and increase access to mobility, they

have also been accused of being amplifiers of negative human intent. When considering how this might



manifest in ride-share technologies, riders have been reported to drive off and leave passengers of
color behind [65, 180], and drivers have denied disabled riders access to their vehicles [185, 116, 54].
Moreover, ride-share technologies have been known to have unfair pricing policies for populations
that happen to be in rural contexts or transit deserts [156, 46]. The provision of diversified options
for first- and last-mile access through e-bikes and scooters has also come under scrutiny. Critiques
focus on membership costs and the placement of hub stations around cities [37] and the way these
micro-mobility vehicles litter sidewalks, making the sidewalks inaccessible for disabled pedestrians
[16].

The challenges at the intersection of public transit and transit technologies present and opportunity
to investigate equity in public transit. Recent years have seen conversations and debate over the
influence of advanced technologies on equity [9, 25, 156]. These conversations, while important,
are often reactionary. They occur after systemic injustice has already been perpetuated against a
marginalized group of people. This has especially been the case in some North American cities. Thus,
this begs the question: how can we design for equity in future transit technologies? Users may interact
with these future transit systems using different modalities (e.g., voice, touch), thus we should ensure
they are designed in an inclusive manner. Our core question is the premise that motivates the studies
presented in this dissertation. We present our investigation into public transit and transit technologies
in two parts. In Part 1, we initiate our investigations in East Africa, a context that is at the brink of

integrating diverse public transit innovations.

* [RQ1] How can we understand the experiences of stakeholders in public transit technology
ecosystems? We maintain that without a proper understanding of stakeholder experiences within
the ecosystem, we run the risk of designing public transit technologies that automate biased
practices. In Chapter 4, we start our investigation into RQ1 from a broad exploratory perspective.
We surveyed and interviewed public transit riders, start-up organizations at the intersection of
financial services and public transit, as well as disability advocates. Our findings suggested
a distrust among stakeholders related to inequities (i.e., harassment and discrimination). The
findings also revealed an influence of perceived social hierarchical structures on innovation and
how passengers appropriate technology to overcome challenges. In Chapter 5, we co-designed
a disability ecosystem that exists within the larger public transit ecosystem. We hosted co-
design sessions with disability advocates and adapted the stakeholder tokens method from the
value-sensitive design framework to map the ecosystem. The key insight from this study is the
identification of a new group of non-traditional core stakeholders who highlight the values of

inclusion, mobility, and safety within the ecosystem.

Synthesizing across both studies, the following key points emerge: Drivers are only a part of the
public transit technology ecosystem. Other key players in the ecosystem include riders (as allies and
players who hold influence over drivers), disabled riders, traffic police, and technology startups. An

underlying influence across these studies is trust. A distrust in traditional stakeholders influenced



the creation of new stakeholders. Additionally, a similar distrust contributed to the appropriation of
transit technologies (and thus a trust in said technologies) by specific players within the ecosystem.
In part 2 of my dissertation work, we then set out to understand whether these learnings were
also applicable in other contexts or whether they were specific to the public transit stakeholders we
collaborated with in East Africa. To do this, we focused our questions on two aspects of the ecosystem,

disabled riders and public transit technologies (specifically, bus applications).

* [RQ2] How can we characterize the navigation habits of disabled riders? In Chapter 6, we
assert that through understanding the navigation experiences of disabled riders, we are able to
understand which stakeholders they engage with. We further constrained this study to investigate
navigation habits during transit disruptions. Transit disruptions create temporary vulnerability,
so it is important to understand how other stakeholders can be allies in these situations. Our
findings pointed to the shortcomings in current services, and potential improvements to the

public transit ecosystem.

* [RQ3] How do Adaptive User Interfaces in mobile transit interfaces influence the transit
experiences of disabled riders? Transit smartphone applications are a popular form of public
transit technology in North America. There have been recent efforts to augment these interfaces
with Al techniques. In Chapter 7, we present two studies using DRIFT, a smart probe that we
created. We designed DRIFT, an interactive design probe to simulate smart transit capabilities.
DRIFT’s smart interfaces was designed using Adaptive User Interface design principles. Our
first study demonstrated that Adaptive User Interfaces significantly reduced the time taken to
find bus information. However, evidence suggested that participants still searched the entire
bus list. In our second study, we explored this behavior in an interview study with blind/low
vision public transit riders. We found that this behavior was motivated by a need for complete

information and a strong desire for control over adaptivity.

Both studies highlighted similar issues from Part 1, especially with a focus on the transit ecosystem
and trust. We posit that there are two issues that need to be addressed when creating equity in public
transit systems: 1) trust with public transit interfaces, and 2) trust between different stakeholders
within the ecosystem. In the final work, we take on the former lens as an initial effort towards creating
equity into public transit technologies. In our final work, we leverage Explainable Al as a tool to build
trust between public transit riders and public transit technologies (specifically, transit apps). We asked

the following questions:

* [RQ4] How can we understand which categories of explanations are essential to disabled
riders? Explanations are the mechanism intelligent interfaces can use to explain their decisions.
These explanations should proactively respond to users’ questions about the system. In the
first half of Chapter 8, we adapt the question-based framework to explore questions that

blind/low vision and wheelchair users have about smart transit interfaces. We found that



participants resonated with four of the eight questions from the question-based framework.
Their responses generated twelve new questions relevant to their experience with smart transit
applications. From the combination of their responses, we present the Jacaranda Framework
— a framework of concerns pertinent to disabled riders’ use of smart transit interfaces. The
framework offers five important question categories to users: Justify, Accuracy, Reliability,
Influence of Inputs, and Intentionality. As part of this framework, we present design patterns

that look into implementing transparency in smart transit applications.

* [RQ5] How do ‘transparent’ Adaptive User Interfaces in mobile transit interfaces influence
the transit experiences of disabled riders? We define ‘transparent’ Adaptive User Interfaces
as smart interfaces that explain a recommendation that they are making. These recommendations
are offered to users in an attempt to improve their user experiences. In the last half of Chapter
8, we present DRIFT+ — an interactive design probe to simulate smart transit capabilities
infused with explainable recommendations based on the Jacaranda Framework. Our findings
demonstrate that, on average, users took a similar amount of time while using the manual and
adaptive interfaces on DRIFT+. They showed that when users encountered the ‘transparent’
smart interface, they took more factors (i.e., the explanations) into consideration. However,
participants highlighted their strong preference and perceived usefulness of smart interfaces
embedded with explanations. Thus ‘transparent’ adaptive interfaces offer users a more holistic

quality of experience.

This thesis makes the following contributions:

* We demonstrate a need to understand the entire ecosystem when considering new technologies.
We present a public transit technology ecosystems artifact that includes values embedded within

the public transit-disability ecosystem.

* We establish a multidimensional connection between trust and ecosystem stakeholders. Our
work presents justification for designing for equity in public transit technologies on two axis of
human stakeholders and public transit technology.

* We present the Jacaranda Framework — a framework of concerns that are relevant to disabled
riders use of smart transit interfaces. We demonstrate how user interface and user experience
designers and researchers can proactively respond to these concerns in future smart transit

interfaces.

* We demonstrate how methodologies can be adapted for research in multiple contexts. Our work
contributes to the efforts of Global South researchers that advocate for contextual research

methods.
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Kirabo, L., Carter, E.J., and Steinfeld A. (2020). “You are asking me to pay for my legs™:
Exploring the Experiences, Perceptions, and Aspirations of Informal Public Transportation Users
in Kampala and Kigali. In ACM SIGCAS Conference on Computing and Sustainable Societies
(COMPASS °20)
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2.1 Public Transportation Research (Focus on Drivers)

Transportation research in Africa has not been a popular domain for human-computer interaction
(HCD) or intervention-related research [193]. In an analysis on HCI for development, Dell and
Kumar [45] noted that the most prevalent domains were education, access (referring to the provision
of technology, such as internet access or offline browsing experiences), and health. This finding
supported previous work that noted that health and education technology interventions dominated
development-focused research [33].

The vast majority of research on transportation in developing countries has a strong focus on
policy. Examples include explorations on how capacity-building of operators could inform the public

transport reform process [174]; the progress, process, and risks of engaging operators for public
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transport reform in Cape Town, South Africa [175]; policy challenges in developing countries on
hybrid urban transport systems caused by the complexities and constraints of old, existing systems
[55]; the organization and improved services of inner-city Matatu (taxis) and the potential for their
transferability [13]; and the structuring of a user satisfaction model based on observed and unobserved
variables from commuters in Nairobi, Kenya [71]. There is also literature on the role played by
motorcycle taxis in providing public transit: they contribute to increased employment opportunities
[151], improve access and last mile distribution [87], increase women’s ridership in urban areas [167],

and potentially expand urban transportation systems [49].

2.2 Disability & Public Transportation

Public transportation in cities in the Global South has been described as chaotic and a nightmare
[92, 5], especially for disabled riders. These negative experiences range from overcrowded bus
stations in India with little to no access to audio announcements [92] to bus parks in East Africa with
no accessible infrastructure. Pedestrian walkways are littered with obstacles, such as hawkers and
cyclists [136]. The lack of accessible infrastructure greatly limits the mobility of disabled people. The
idea of equitable mobility advocates that transportation services should be accessible to all. Crucial to
that is the understanding of the needs and aspirations of disabled riders in these cities.

Disability research specific to Kampala or Kigali has explored the intersection of gender and ac-
cessibility [155] and focused on a medical disability model [83] that is rooted in medical interventions
[5, 36, 133, 206]. Studying access to transportation by disabled individuals and the influence (or lack
thereof) of technology has yet to be addressed.

2.3 Public Transit Innovation

2.3.1 Accessing transit information

Until relatively recently, systems for providing real-time locations of public transit vehicles in North
America were often prohibitively expensive for many municipalities [130]. Apps and websites were
introduced that used crowdsourced data to provide information to riders. One of the early, high-impact
services was Tiramisu Transit [208, 183]. Formulated using the results of a co-design study on how
repeated interactions with a service could be stimulated [204] and using universal design principles,
Tiramisu provided users with the opportunity to share the current locations of the vehicles they were
riding, along with fullness, problem reports (e.g., malfunctioning stop annunciators), traffic conditions,
positive experiences, and more [208]. Other efforts towards crowdsourced services included predicting
bus arrival times with participatory sensing (e.g., [117, 207]), and targeted crowdsourcing has been
used to determine bus size, travel times, and speeds [35]. Nandan and colleagues [138] reported that
crowdsourcing this information resulted in high demands on hardware, route data availability, location

accuracy, information quality, and user motivation. However, crowdsourcing of certain transit data
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has still been integrated into some commercial apps and can provide some information that otherwise
requires coordination across different government agencies (e.g., transportation and public works

[152, 31]) and app providers.

2.3.2 Examining public transit innovation across borders

As in other domains, technology has a critical role to play in enabling the collection of transportation
information [169, 168] as well as improved access to vehicles. Kasera et al. [100] presented an
example of this when proposing a ride-sharing system in Namibia that was optimized to support driver
agency and the concept of fempo, referring to the pace of the driver’s day. They emphasized the need
for interventions to fit into the existing pace of the community. Similarly, Ahmed et al. [3] made
recommendations for the redesign of Ola, a peer-to-peer technology to better serve the auto-rickshaw
drivers in Bengaluru, India. Their insights found that while the drivers adopted new technology, they
did not prioritize it over their traditional passengers (i.e., regulars who called them or those who hailed
them from the roadside). They also pointed out that Ola did little to mitigate the uncertainty that
existed in the drivers’ days. In Nairobi, Klopp and colleagues [109] used information from the General
Transit Feed Specification to record the complexities of the Matatu system (i.e., typical routes, stops,
schedules, and fares). This type of real-time information is important for local transit applications.
We also see examples of technology enabling access in rural areas through an SMS-based system that
was used to solve last-mile challenges of connecting boda boda (motorcycle taxis) riders to customers
in Uganda [56]. Lastly, there is an example of a smartphone-based application that had a positive
impact on women’s empowerment and mobility in Kampala [141].

Mainstream technologies, such as online maps and ride-share applications, have been used to
improve mobility. When examined through the local context of the Global South, interesting insights
emerge. For instance, Google Maps is not considered an efficient navigation tool for persons with
visual impairments in India [93]. Designed for a specifically organized setting (i.e., the Global North),
it is not readily applicable to urban settings in the Global South that do not follow grid layouts. Also,
ride-share technology in India is characterized as “a socio-technical collaborative effort” that includes
the rider with a disability, a driver, and technology [92, p. 85:3]. This collaborative effort gives rise
to the notion of a nuanced idea of independence where riders can travel independently but rely on

drivers where necessary.

2.4 A Lens on Equity

In HCI, there is a rising focus on discussing equity within the scope of examining methodologies and
interventions. In this section, I discuss equity theory, terminologies, and their implications for the
intersection of public transit interfaces, disability, and global contexts. I acknowledge that equity,

justice, and fairness are sometimes used interchangeably in the literature.
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2.4.1 Defining equity theories

Equity can be defined primarily as the even distribution of costs and benefits [30] (this is also referred
to as distributional equity). However, many agree that the definition of “even” is a moral judgment call
[30, 159]. Many theories have influenced perceptions of equity. These theories include libertarianism,
Rawls’ egalitarianism, utilitarianism, intuitionism, and the capability approach. In this work, I
draw on the capability approach [159, 177, 144], which takes into consideration the diversity of
human preferences and needs. Understanding the context in which people live is essential to the
discussion on equity. This perspective also considers external factors that might influence people’s
actions. The capability approach calls for establishing culturally and contextually relevant thresholds
for capabilities. This approach is particularly relevant because people from different social and
economic contexts have different evolving needs. In this work, I draw from the capability approach by
considering the needs and preferences of disabled people within the public transportation context. I
also take a culturally sensitive approach to investigating preferences across two geographical contexts.

Horizontal and vertical equity are the two frameworks used to implement these theories [30].
Horizontal equity refers to the practice of treating people at the same level the same. In contrast,
vertical equity looks at the redistribution of resources to provide more considerable benefits to
marginalized groups who were previously left out. Both frameworks have applications in this
work. For example, this research looks at the lived experiences of disabled people across different
geographies. This example can be interpreted as investigating ways of ensuring that disabled people
across both contexts have equal access to resources as others in their communities.

Furthermore, this work explores how public transportation interface designs can be redesigned
to improve the experiences of disabled riders. This type of equity often comes under critique for
prioritizing marginalized groups. However, we argue that this prioritization in design will often lead
to an improved experience for everyone. This is similar to universal design [184], in that prioritizing

disabled people in design will often lead to an improved experience for everyone.

2.4.2 Public transit innovation and equity

The discussion of who has the right to be included in the design process is critical, especially when
working with traditionally disenfranchised communities. Scholars have used co-design methods to
give more communities voices in problem definition and solution creation [161, 196]. The exploration
of lived experiences is a specific avenue that provides rich insight into values and everyday occurrences
that can sometimes be overlooked in evaluation studies. Extending work at the intersection of critical
race and feminist theory, Pal and colleagues [155] sought to understand the experiences of disabled
women in Malawi and Rwanda. In a survey conducted among women with visual impairments in the
capital cities of Blantyre and Kigali, they found similar narratives of marginalization faced by visually
impaired women in both cities. They noted how social exclusion impeded kinship bonds between
disabled women and their communities. Furthermore, they discussed how technology unwittingly

has become a double-edged sword by promoting aspirations while contributing to marginalization.
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Moreover, Pal and Lakshmanan [153] observed this contrary impact of assistive technologies in other
regions. On the one hand, it positively impacted participant aspirations, specifically for career goals.
However, participant narratives also revealed employment-related issues among the first generation of
“assistive technology users” in Bangalore, India. In their interviews, participants gave examples of
misalignment between the tasks assigned to them and their ability, the lack of employment offers for
more technically qualified candidates, and underpayment when they eventually succeeded in getting
jobs. These descriptions of lived experiences give insights into the perceptions of stakeholders. We
continue this tradition of eliciting lived experiences through conversations about the power dynamics

that exist within the disability ecosystem.
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Setting the Context
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Kirabo, L., Carter, E.J., and Steinfeld A. (2020). “You are asking me to pay for my legs™:
Exploring the Experiences, Perceptions, and Aspirations of Informal Public Transportation Users
in Kampala and Kigali. In ACM SIGCAS Conference on Computing and Sustainable Societies
(COMPASS °20)
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The work presented in this thesis was conducted in three major cities. Each are unique and have
subtle characteristics that inform the research and design implications. Detailed descriptions of each

city are provided here to help provide context to the reader.

3.1 Kampala, Uganda

Kampala, the capital of Uganda, has a resident population of 1.5 million people [102] and a daytime
population of more than 2 million people [52]. Kampala has various forms of public transportation,
ranging from Taxis to Boda Bodas, Special Hires, bicycles (with a passenger perch), and large buses
[95]. Fourteen-seat minibuses are locally referred to as Taxis. Taxis can be considered a form of
shared transportation because they provide rides to multiple unacquainted passengers at the same

time. They are operated by a driver along with a conductor who collects money from passengers as
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they leave the vehicle. The motorcycle form of transportation is called Boda Boda. Boda bodas are
ideally not shared by multiple passengers due to the physical constraint of seating on the motorcycle;
they typically seat a driver and a single customer. However, the size constraint often does not stop
additional riders. Motorcycles have a notorious reputation among the locals for driving as if they are
exempt from traffic laws and are often seen breaking regulations, even in front of law enforcement.
Additionally, Kampalans use a form of transportation called Special Hires. These are vehicles that
are rented by individuals to get them to specific destinations, which might range from a shopping
trip to a funeral. While the cars in this category can be any size, it is most common for them to be
approximately the size and shape of an early 2000s Toyota Corolla. Another type of transportation in
Kampala is the larger, 60-person bus that can travel both long and short distances.

Hailing each mode of transportation is slightly different. Outside of the city center, taxis and
boda bodas can be hailed from the side of the road, while within the city center, taxis are strongly
encouraged to collect passengers from designated stages (stops). For taxis, a conductor will often ask
bystanders if they are interested in boarding by announcing the vehicle’s destination (e.g., Kampala,
Ntinda, etc.). The reverse happens when hailing a boda boda: the passenger informs the driver of
their destination. Sometimes, passengers will keep the contact information of a boda boda driver
and call them when they need to travel. It is also common for passengers to haggle before boarding
any of the mentioned modes. Public transit also recently evolved to include ride-share services,
including SafeBoda, Uber, and Taxify (now Bolt). Uber and Taxify both started with only cars in their
operations, but later expanded to include boda bodas. We postulate that this is due to the observed
preference of passengers in Kampala for the boda boda because of convenience. Ride-share services
are hailed via the application or, in the case of the boda bodas, walking up to riders and scanning the
rider’s QR code to initiate the ride. Individuals can board or disembark from a vehicle from multiple
places, including a Taxi Park or Stage and along the Roadside. A taxi park is a designated location
where multiple taxis traveling to different locations might park. Fares from this location only fluctuate
in rare circumstances (e.g., rain, operator strikes, riots). This is not the case for taxis that are boarded
along the road, which credit fare inconsistency to “jam” (traffic). A stage is a locally known spot
where taxis drop off and pick up riders; in contrast, a boda boda stage is a location where a cluster of

bodas park and wait for passengers.

3.2 Kigali, Rwanda

Kigali is the capital of Rwanda and boasts a population of over 1.3 million [146]. Kigali is 500 km
from Kampala, and the cities have similar modes of transportation but differing patterns, laws, and
regulations. It has multiple public transit options that are similar to those in Kampala, including
minibuses, large buses, motorcycle taxis, and cars [2]. The 14-seat minibuses, locally referred to as
Taxis, are currently being phased out in favor of buses that can carry 30 to 51 passengers. Similar to
Kampala, taxis and buses are a form of shared transportation. In Kigali, motorcycles are called Motos,
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and they usually do not exceed their intended rider capacity. Kigali’s version of the special hires are
called Taxi Voiture.

Relative to Kampala, Kigali has implemented additional systems to create organization on public
transit. For example, Kigali has begun to implement new, more organized bus stops in different parts
of the city. Also, it is required for anyone using a motorcycle in Rwanda to use a helmet; as such,
moto drivers often carry an extra helmet for their passengers. As in Kampala, motos can be hailed
from the side of the road or from a designated stage in a neighborhood. Unlike motos that might drive
along the road looking for passengers, taxi voitures usually only depart from specific locations and
will only solicit business from people who approach their vehicles or glance in their direction from
across the road. In Kigali, transportation has also recently evolved to include ride-share services such

as SafeMoto, YegoMoto, and Move (Volkswagen’s ride-hailing service).

3.3 Pittsburgh, Pennsylvania, USA

Pittsburgh is a city with a greater metropolitan area of over 1.2 million people in Pennsylvania, United
States of America [26]. Rather than relying on more informal methods of public transit, the majority
of people rely on vehicles owned and managed by Pittsburgh Regional Transit (PRT, formerly named
the Port Authority of Allegheny County). This public transit agency primarily operates buses, but
there are a limited number of light rail routes (locally referred to as the T) and funiculars (called
inclines). Standard city buses are approximately 40 feet long rigid single-deckers, with space for
approximately 40 seated passengers and another 30 to 40 standing passengers. On some busy routes,
PRT uses 60-foot articulated buses, which can carry approximately 120 passengers. All PRT vehicles
traverse fixed routes, only deviating in cases of emergencies or construction. The T is a light rail
system that runs north and south of the city into suburban areas. It is mostly above-ground and runs
on tracks that can be separated from or integrated into roadways. The trains consist of two cars and
can hold approximately 180 passengers. During rush hour, a second set of train cars may be added
to the lead car. There are two inclines that run up and down Mount Washington; each incline has
two separate cars that can hold approximately 25 people. In addition to these public vehicles, PRT
provides a service called ACCESS paratransit that provides subsidized, shared, point-to-point rides in
a sedan or van for individuals with certain verified disabilities or aged over 65 years. However, these
rides are not available to everyone and must be planned in advance. In addition to formal public transit
provided by PRT, travelers can also use taxis, ride-share services, and bicycle and electric scooter
rental programs. Taxis are typically vehicles like sedans and minivans that seat five to eight people.
They may be hailed via an app, reserved over the phone, or boarded at hotels and a specific location
at the airport. Ride-share services include Uber and Lyft and typically include sedans, sport utility
vehicles, and minivans. Travelers can also use a bike-share program, Healthy Ride. Spin e-scooters
are currently (as of 2022) part of a pilot program focused on last-mile transportation and can be rented

by individuals over 18 years of age [179].
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For all large public vehicles operated by PRT, passengers board and disembark vehicles at marked
stops only. The agency provides paper schedule and route information at stations, inside buses, and
in other public places. It also maintains a website with PDF copies of schedules, service updates,
useful information, lists of where to buy a transit card, online refilling of transit cards, and a link to
the ACCESS paratransit service for individuals with disabilities. Additionally, it provides a mobile-
friendly web app with real-time arrival information for selected routes and stops, crowding information
for individual vehicles, service bulletins, and phone-based ticketing. For this region, there are also a
number of other transportation and navigation apps that contain navigation to/from stops and vehicle
schedule information (e.g., Google Maps or Apple Maps), real-time vehicle tracking (e.g., the Transit
app), and additional information about surroundings for those with reduced sight (e.g., BlindSquare,
Nearby Explorer). For other vehicles, more possibilities for embarking and disembarking exist. For
example, ride-share programs like Uber and Lyft can be hailed via app for curbside pickups at any

location.
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4.1 Overview

Research on public transit in the Global South often centers the experiences and perspectives of
operators (i.e., drivers and boda riders) [96, 135, 150, 151, 164]. However, public transit technology
ecosystems include more diverse groups of key stakeholders. Each stakeholder holds their own experi-
ences, perspectives, and agendas. Even more complexity is created when new transit technologies are
inserted into these ecosystems. Transit technologies range from mobile applications (i.e., ride-share
and bus schedule apps) to advancements in vehicles (i.e., electric and automated vehicles). The
fast-evolving nature of technology necessitates frequent examination of the ecology of potential user
communities (e.g., [15, 60]) in order not to risk automating existing inequalities and robbing agency
from users [53].

In this chapter, we explore the perspectives of passengers and other key informants (e.g., start-up

workers, regulatory agencies, and disability activists) in the local technology ecosystem. These
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perspectives are necessary because passengers and local technology creators serve as direct users of
public transit technologies (who have first-hand experience of any inequities in the systems) and also
influence the directions in which technology will impact public transit. Therefore, there is a need to
engage a diverse group of passengers and technology creators in order to reveal and discuss existing
inequalities faced by different segments of the population.

According to national statistics, disabled people comprise 20% and 5% of the population for
Uganda [147, p. 18] and Rwanda [148], respectively. They are viewed as among the most vulnerable
people to transportation inequity; however, it is not clear how they navigate transportation and
whether access to technology improves their mobility. Understanding the influence of technology on
mobility is important because Kampala and Kigali are cities that are poised to see new transportation
technologies: the former was chosen as the designated lead for the smart city initiative in Africa
[103] and the latter because Rwanda is known as the regional leader in innovation [66]. Relatedly,
these cities have seen the introduction of ride-share services, including both international (e.g., Uber,
Taxify, and VW Move Ride) and local variants (e.g., SafeBoda, SafeMoto, YegoMoto, etc.). Though
technology can benefit users and enable new and positive interactions among people and systems
[34, 90], it also can have unexpected effects when applied to mismatched contexts [112] and even fail
completely.

In our study, we administered surveys to passengers who use public transit in Kampala and Kigali
and supplemented this data with in-depth interviews with key informants in the disability community
and local technology ecosystems. We present the following high-level themes: the influence of ability
on preferred mode of transportation and technology appropriation, discrimination and harassment
faced by riders, and the influence of perceived social hierarchies. Motivated by these findings, we
discuss areas where technology can and cannot mitigate existing inequities. We also look at how the
findings support emergent frameworks, such as aspiration-based design, and we present potential
envisioned future technologies for public transit. This work contributes a deeper understanding of the
experiences, perspectives, and aspirations of passengers and industry stakeholders with the goal of

informing future technologies.

4.2 Method

4.2.1 Study design and data collection

The study design was guided by our motivation to uncover passenger experiences with public transit
in Kampala and Kigali and understand nuances that affect how technology can influence and possibly
improve transportation for riders with different abilities. To this end, we administered surveys with
passengers of public transit to understand influences around usage and adoption and followed up with
in-depth, semi-structured interviews with passengers and other key informants (e.g., start-up workers,
regulatory agencies and disability activists) in the local technology ecosystems. The interviews were

conducted either in person or online with stakeholders who were physically unavailable. This research
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was approved by our university’s Institutional Review Board as well as university faculty and staff in
Kampala and Kigali.

We recruited participants through social media, a technology co-working space, and local univer-
sity noticeboards because populations that frequented these spaces were determined to be frequent
users of public transit. We required that participants were above 18 years of age, had resided in Kam-
pala and Kigali for at least a year, and used public transportation. We used one-on-one semi-structured
interviews, in-person surveys, and online meetings (audio and video). In total, we conducted 46
surveys over a 2-week period and 12 key informant interviews (5 in person and 7 online) over a period

of 2 months. Our participants lived in areas outside the city and commuted to town for work or school.

Passenger patterns survey

Our survey focused on preferences in public transportation. We invited participants to hour-long
sessions where survey forms were physically distributed. We conducted 7 survey sessions in Kampala
attended by 25 participants and 15 sessions in Kigali attended by 21 participants. Each session started
with an overview of the research topic, the informed consent process, and a high-level briefing on
the survey. Participants did not receive any monetary compensation for filling out the surveys and
participated due to their interest in improving public transit. Although the surveys were administered in
person, we only collected demographic identifiers, such as participant gender and age. No personally
identifiable information was collected.

The 9-page survey was used to collect information on eight key topics: Frequency of Use, Morning
Commute, Evening Commute, Familiar Strangers, Perception of Safety, Harassment in Public Transit
Spaces, Passengers with Disabilities, and Future Impact of Technology. However, only Morning
Commute and Evening Commute were labeled explicitly, in order to prevent response bias. Inspired
by prior work [158], we included questions on “familiar strangers”, who are the people that passengers
observe, but do not interact with, at a boarding location or along a commute. These questions explored
if participants often boarded with the same people and would intervene on their behalf in the event of
any issues.

The 25 participants in Kampala (9 female and 16 male) were almost evenly distributed in age
(with 7 participants between 18-24 years old, 10 participants between 25-31, and 8 between 32-38).
The majority of the participants indicated that they lived in areas in the northern part of Kampala. Of
the 21 participants in Kigali (6 female and 15 male), 18 indicated that they were in the 25-31 age
range, with the rest falling in the 18-24 age bracket. Again, most of the participants lived in areas
north of the city.

Key informant interviews

We interviewed different stakeholders, including disabled riders, individuals in or associated with
transportation in the start-up community, members of regulatory agencies, and individuals who work

with disabled people.
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The in-person interviews were conducted in the interviewee’s office or another convenient location
(2 interviews in Kampala and 3 in Kigali). These 8 participants (2 organizations opted to have group
interviews) included persons who either worked for regulatory agencies or worked for organisations
associated with transportation in the startup community. In-person interviewees did not receive any
monetary compensation.

Our seven online interviews were conducted on Skype with participants in the disability commu-
nity. These interviews lasted 1.5 hours. We modified the type of streaming (video vs. audio) based
on both participant preference and whether they were using Wi-Fi or mobile data. Four participants
used Wi-Fi and 3 used mobile data. To cover their data costs, online interview participants were
compensated using mobile money transfer. The compensation rate was based on the average monthly
rate of mobile data packages sourced from local telecommunication providers. We conducted 6 Skype
interviews for participants in Kampala and 1 for a participant in Kigali. Five of our participants who
work with disabled individuals self-identified as having a disability (i.e., Physical: 3; Deaf/Hearing
Loss: 1; Albinism with Visual Impairment: 1). These participants shared their insights from working
with disabled individuals and their own personal experiences using public transportation.

The interviews covered topics that included the current state of public transit, access to different
modes by people with disabilities, and potential challenges and opportunities for technology. All
interviews were audio recorded for transcription and further analysis. Researchers also maintained a
daily activity log and recorded their observations and insights after every interview.

All data was transcribed by a researcher with experience living and interacting in Kampala or
Kigali. This was useful for understanding colloquial expressions that have local contextual meanings
and have been integrated into English speech but do not make sense to English speakers elsewhere
(e.g., ...don’t disturb people to look for me data...).

4.2.2 Limitations

Our research with key informants who worked with disabled individuals was conducted online rather
than in person. While these informants were able to give us a wealth of knowledge, we acknowledge
that this method prevented interviews with people lacking access to online meeting tools. Similarly,
while English is one of the official languages of both countries, we acknowledge that there is a
diversity of other spoken languages in both countries. One of the authors speaks some of the local
languages, but we limited our interactions to English in order to maintain consistency. This choice
also limited the breadth of participants who were able to participate in our surveys.

4.2.3 Data analysis

We used descriptive statistics to analyse our quantitative survey results and thematic analysis for the
survey’s free text responses and interviews [20]. Our initial analysis revealed 9 high-level themes

that we later condensed to 5 themes. These include the influence of ability on preferred mode
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of transportation and technology appropriation, local commutes, discrimination and harassment,
perceived social hierarchical structures, and technology interventions.

While reliability is a debatable notion in qualitative studies due to changes in human behavior, we
attempted to ensure that our results were consistent with our data using a combination of an audit trail
and triangulation (i.e., using multiple sources and including observations, reflections, and decisions

made during data collection).

4.3 Findings

Here, we present themes that emerged from our survey and interviews data. All names have been
changed for anonymity. For the sake of clarity, all boda bodas and motos will be referred to as
motorcycles, special hires and taxi voiture will be referred to as cabs, large buses will be referred to

as buses, and taxis will be referred to as minibuses.

4.3.1 The influence of ability on preferred mode and technology appropriation

Participants without disabilities in Kampala selected minibuses as their preferred mode, with motorcy-
cles and Uber (car mode) following closely behind. These choices make sense because minibuses are
considered the cheapest mode of transport covering long distances. In Kigali, however, motorcycles
were the preferred mode, with buses second. Participants in both cities noted that, of all of the options,
the agile motorcycles were always immediately available.

Participants who worked with disabled individuals reported that public transportation was a huge
part of their stakeholders’ lives. Different modes of transportation best suit different abilities, which

was reflected in how passengers chose to travel.

“Deaf persons can use all [the available modes]. Blind people move better in buses and
maybe [minibus]. Physically challenged people can use [motorcycles] preferably.” -
Wasswa, mobility-related disability.

“For a person with physical disability will [use a] [motorcycle] because it will take him
to the final destination or the door step unlike the [minibus] for which you have to walk a
distance [...]” - Mutebi, Mobility-related disability.

The motorcycle mode was considered a favorite for passengers with some disabilities because
of its flexibility and ease of access compared to minibuses. This door-to-door convenience is likely
amplified by the use of app-based motorcycle services, such as SafeBoda and UberBoda. Data from
the survey participants mainly supported these findings; for example, participants in Kampala reported
observing people with mobility-related disabilities frequently using the motorcycles; however, a
preference for buses was observed in Kigali. Participants with assistive devices noted that the devices
were either tied to the back of the motorcycles or held by the driver. However, the consequence
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of having the current transportation options is that blind people cannot easily find transportation in
areas that only motorcycles travel (e.g., streets with bad surfaces), and people with a mobility-related
disability can only travel short distances easily because motorcycles do not travel as far as minibuses
do without becoming excessively expensive.

The preference for motorcycles by disabled riders is also reflected in the appropriation of tech-
nology solutions targeted at public transit. When asked about technologies that they use related
to transportation, five of our online interview participants mentioned motorcycle applications (e.g.
SafeBoda, UberBoda, Taxify). Mutebi (KLA), a participant with a physical disability, specifically

cited the independence he felt when using these applications,

“I can order for Uber or SafeBoda. It is easy for me, I do not disturb anyone to go and

look for me a [motorcycle].”

However, disabled participants also pointed out the shortcomings of these applications. It is common
for these ride share drivers to call their passengers as they approach the pickup point, but answering
these calls is particularly difficult for passengers who are deaf. Egwang (KLA), a participant who is
deaf, noted that to use these applications, he needs to have someone else on hand to answer the calls.
He described an incident where he tried to get help from a nearby shop; however, the shop owners
were alarmed by his gestures and did not understand what he was trying to communicate and thus
refused to help. Asiimwe (KLA), a participant who works with disabled individuals in camps for the
internally displaced, also noted that while disabled people are using these applications, she had yet
to see in-app accessibility features, such as vehicle options that were modified to cater for persons
with physical disabilities. Lastly, both Mutebi and Asiimwe remarked on the exclusive nature of these
solutions: users must have a smartphone and buy data to access to the Internet.

Government and transportation stakeholders are aware of these issues and some are actively
working to improve transportation for disabled riders. The recent shift toward catering to the well-
being and mobility of disabled individuals has led to the introduction of accessible buses in Kigali.
Ishimwe (KGL), a participant with a physical disability, noted that buses are the favored form of
public transportation by disabled riders and that they have improved the mobility of public transit
riders in wheelchairs. For visual impaired riders, these buses are fitted with audio functionality that
announces the approaching bus stations. However, he noted that there was still an opportunity for the

inclusion of deaf riders, as they were not yet supported.

4.3.2 Discrimination & harassment of transportation riders

The interview data provided an interesting emphasis on the role of other passengers with disabled
riders. Our interviews in Kampala revealed harassment of disabled individuals around denial of
access and unfair costs. Participants reported instances where some minibuses would not stop to
pick them up or operators would first inquire whether the rider would be taking their assistive device

(e.g., wheelchair or crutches) with them, and then potentially drive off depending on their answer.
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They reported two instances of passenger intervention. In both instances, the transport operators were
attempting to deny a passenger using a wheelchair entry into minibus unless they paid extra (often
another full fare) for their wheelchair. In both instances, the passengers in the vehicle came to the aid
of the disabled rider, ensuring that they boarded and also arrived at their destination without further

harassment.

“I was traveling a long distance [...] the guy was like I should pay for my wheelchair
and I was refusing saying no I cannot do that saying this is my legs and he said, but it
is occupying my space you have to pay and the amount that they sometimes charge is
equivalent to what an individual is paying. So someone said that unless you tell everyone
in this bus to pay for their legs, he is not going to pay. And then others also joined in.
And then when we reached the stage, they carried my wheelchair out and said you go -

let us see him following you [...].” - Mutebi, Mobility-related disability.

An overwhelming majority of our survey participants did not observe or board with the same
people daily; however, they were somewhat likely to intervene on behalf of strangers over issues
(shown in Table 4.1). Some participants seemed surprised at the notion of talking to strangers at the

stop; for those that interacted, it was mainly in greeting form.

Table 4.1 Distribution for recognition of familiar strangers.

Kampala Kigali
Yes No Yes No
Observe the same people 5 20 1 20
Board with same people 4 21 0 21
Intervene for stranger 6 17 6 13

Passenger intervention, however, was not always the norm during trips for disabled riders. Our
discussion revealed that other passengers remarked that a disabled rider would take too long to board
the vehicle or outright refuse to sit next to them because of their state of dress and body odour. An
unintended result of these experiences with negative attitudes left disabled passengers feeling like
second-class citizens.

A similar sentiment and experience was reflected in interview data the Kigali participant Ishimwe.
He blamed the existing stigma on a lack of awareness and negative naming conventions for disabled

individuals that are rooted in cultural origins.
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Among riders without obvious disabilities, responses concerning harassment presented a di-
chotomy between the two cities. In Kampala, most survey participants said they had been heckled
more than once in a public transit setting. In Kigali, more than half of survey participants said they had
never been heckled in these settings. When distinguishing between verbal harassment and physical
gestures of groping, in Kampala, all of the female and more than half of the male participants reported
having encountered both forms of harassment. Notably, the definition of harassment varied between

by location. Hissing is viewed as harassment in Kampala but not Kigali.

4.3.3 The influence of perceived social hierarchical structures

In Kampala, participants noted that there was a need to understand the invisible reach that culture and
norms have over adoption and perceptions regarding technology. Bugembe (KLA) noted that he rides
his bicycle to work every day, but bicycles are at the bottom of the perceived transportation hierarchy,
so there is a general lack of respect toward him on the road. His explanation for using a bicycle was
that with the population shift from rural areas to urban city centers, there is a need to adopt clean and
affordable transportation solutions. However, this mode of transportation poses an additional safety
risk as there are no laws protecting bicycle riders and motorists believe that they have right of way
over bicycles and do not even account for the presence of bicycles when switching lanes.
Participants hinted that the choice whether to drive a private vehicle or take a minibus was directly
related to a person’s socioeconomic status. A common viewpoint is that people who drive cars have
simply achieved enough success to not take minibuses any more. Abaho (KLA) noted, “In a city
where 1 in 4 cars has a parking spot, technology offers opportunities to find the closest parking lot or
structure (several blocks away), then hop onto a [minibus] to work. However, when you propose it to
Kampalans, they would rather spend another 20 minutes driving around looking for a parking spot
than [be seen taking] a short [minibus] ride”. Participants from Kigali did not seem to share the same
status association with boarding minibuses. However, people preferred to take cabs over minibuses

for comfort (minibuses in Kigali seat more people than those in Kampala).

4.3.4 Technology: (un)successful interventions

In Kampala, experiences with implementing technology solutions in the existing public transportation
ecosystem highlighted negative sentiments. Abaho (KLA) noted that operators were interested
in testing cashless payment, but they encountered barriers when interacting with various informal
structures that characterized their day. Examples of such structures included making payments to
route touts (individuals who collect “membership” dues from minibus operators) and cabals (routes
that only allow drivers who have paid said dues), fuel pump attendants, and minibus owners. These
findings provide evidence of a mismatch between technology solutions and their appropriateness for
use in different context.

In Kigali, however, Ntwari noted that there have been successful tech-based changes due to

favorable government policy, including: (i) implementations of cashless payment solutions in public



4.4 Discussion 23

buses—“Intercity buses use tap-and-go payment while buses that go outside of the city use tickets”;
and (ii) an online dashboard monitoring the deployment of buses as well as enforcing speed limit
regulation and providing reward incentives to drivers who adhere to regulations. Habimana (KGL),
whose start-up works with motorcycle riders, noted an uptick in technology literacy among riders.
Riders who previously had limited or no technology access were now becoming adept at reading maps
and troubleshooting device errors.

Some participants (KLA) noted that technology can be used to improve passenger safety within
vehicles, improve access to the different options, and determine trip cost. Other participants (KGL)
envisioned technology being used for bus arrival predictions and scheduling, as well as improved
payment systems (e.g., contactless payments). The latter was an idea expressed by our industry
informants Mugisha (KGL), Keza (KGL), and Gara (KGL), who work at the intersection of public
transit and financial technologies. They imagined that the future of public transit technology includes
seamless payment transitions between different modes of transportation and diversification of the
current payment systems across multiple domains (e.g., transportation and healthcare). They believe
that technology offers a unique opportunity to add value to both passengers (e.g., manage bus fares
where uncertainty exists or promote financial budgeting) and government entities (e.g., transparency

through identification of revenue leakages).

4.4 Discussion

4.4.1 Aspirations through envisioned futures

Exploratory studies like ours are a good source of findings relevant to technology design and imple-
mentation. We position these results within frameworks, such as aspiration-based design, and discuss

future research directions and their implications.

Opportunities for technology

The preference for specific modes of transportation based on users’ abilities should be taken into
consideration when implementing functionality. For example, this could include enabling speech
recognition for users with amputated limbs who are unable to use interfaces built with traditional
gestural interaction. In addition, applications targeted at cabs and minibuses should take into account
the requirements of users with visual impairments as these are their preferred modes of transportation.
For instance, they should promote the use of digital payments (like mobile money) in Kigali, which has
digital systems in place. These types of payments help avoid instances of cheating that might happen
with cash payments. These requirements should also prioritise the safety of passengers (especially
those with visual impairments) by providing audio updates when alternative/unfamiliar routes are
taken and thereby giving them agency regarding route choice. Another opportunity to enhance agency
for passengers with and without disabilities is through implementing a crowd-sourced route safety

tool. This tool could provide passengers with information before they start their trip or while their
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trip takes an unplanned detour. An aggregated mapping might also show evidence of crime hot spots
that would be useful to law enforcement. This tool could have multiple use cases outside of safety:
1) technology hubs could use this feature to educate passengers about engaging with drivers on the
challenges of secondary routes, and 2) citizens who commute using bicycles could use the application

to find bike-friendly routes and times.

The influence of aspirations on adoption

Prior work has argued for the importance of understanding the aspirations of potential technology
stakeholders [114, 190] because these aspirations then influence adoption. In this study, we find
further evidence that supports these assertions, especially among experiences shared by disabled
passengers. We discuss this support based on the three main qualities of aspirations: embedded
(aspirations are rooted in past experiences and local context), temporal (aspirations can be satisfied
within an unspecified period of time), and mutable (aspirations have the capacity to change).

Embedded aspirations can be clearly seen in the adoption of ride-share services by disabled riders.
Participants described situations where they felt like second-class citizens when using traditional
methods to utilize public transit. Their technology adoption results in additional freedom from
traditional social and physical accessibility barriers. The temporal boundaries within the aspirations
that we found were connected to the day-to-day and long-term activities and patterns of users of public
transit. The day-to-day activities that could be affected by technology include interactive bus terminal
data for bus arrival and departure information (KGL) and efficient and context-dependent pricing
systems (KGL, KLA). The long-term aspirations include the ability to implement integrated single-
source payment systems across multiple domains (e.g., linked health and transportation systems) to
increase convenience.

The fact that aspirations can change over time is reflected in their mutability. We posit that shifts
will be seen as more solutions are implemented that satisfy passenger aspirations, including policy and
infrastructure improvements. As needs and priorities change, so might transportation and technology
preferences. For example, bicycles are currently disregarded as modes of transportation in these two
East African cities, as they are the least expensive option. However, as these countries develop, it
is possible that the ecological and health concerns that motivate bicycle usage in other cultures will

change the impressions of bicycles in East Africa.

The nuance of engaging ability

Within the disability research community, there have been longstanding efforts to focus on user
ability when designing technology [63, 197]. Our work presents some evidence of tension when
integrating the notion of ability. Our findings show that taking ability into consideration goes beyond
understanding a passengers’ mobility. This is made evident in passengers (both without and with
disabilities) preferring the boda boda mode of public transit. For the former group, the preference was

rooted in efficiency (i.e., reaching the destination as fast as possible). For the latter group, participants
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liked how motorcycles get them from their origin point to the doorstep of their destination and the
lack of additional hassle of dealing with traditional operators. Interfaces that integrate transportation
routes, modes, and schedules should adapt to factors like perceived efficiency, door-to-door service,
and other personal preferences.

Conversely, we identified one failure case at the intersection of technology and ability that has
implications for designers and researchers. Ride-share operators are not trained and applications are
not designed to consider riders with different physical disabilities. As with boda boda and special hire
operators in Kampala, ride-share drivers will often call passengers to confirm that they are en route or
at the gate. However, riders who are deaf had difficulty with this use case. This has recently been
solved through the addition of an in-app texting platform (as seen in the Uber app), but it is unclear
whether this will work across the board due to the wide variety in literacy levels for users and drivers.
This reveals an opportunity for new interaction and experience designs that support lower literacy
levels (e.g., read-aloud options with local options).

We also found evidence that supports prior work on the importance of offline connectivity [6, 172].
Participant responses extended the notion of ability to include connectivity. To address this, designers
of mobility interfaces should be intentional about internet connectivity and consider interfaces that

adapt to offline functionality when data is expensive.

The influence and appropriation of technology

Researchers have disagreed at times about the influences that ride-share technologies can have on a
population as a whole [41]. Our work provides evidence that these technologies are being used to
alleviate some of the social pressures that characterize users’ lives, especially for those with disabilities.
As previously stated, disabled riders characterize their appropriation of these technologies using terms
that relate to the promotion of agency and independence. The idea of technology contributing to
agency and independence is not new to researchers in the disability domain [183]. The appropriation
of transportation apps by disabled riders in the Global South is especially noteworthy given that they
are considered some of the world’s most vulnerable populations [128].

Also, we see the influence of local contexts on technology development and dissemination, such
as Uber offering boda boda ride-share options in their local application. This speaks to the context
for this particular form of transportation in the region: even though some ride-share companies offer
cheaper car rides, users still choose the boda boda option because they find it more efficient and
convenient. Both Kampala and Kigali also have local ride-share applications solely for the boda boda
form of transportation.

The notion of smart mobility eventually evokes the idea of Al for transit. From a user’s standpoint,
these systems often rely upon the concept of regularity: predictable numbers and types of vehicles on
the road, schedules, etc. However, our work indicates that, in these cities, users report regularity in
general terms (e.g., early morning or late at night) and public transit modes follow flexible schedules,

if any. This raises the question of whether Al could, and should, be used to nudge user schedules (e.g.,
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waiting out surge pricing, especially during the rainy season), as is the norm in cultures with specific
time-based routines. Perhaps the adoption of these Al technologies would be increased if they are
designed to adapt to the scheduling norms of these cities.

Lastly, pursuit of equitable mobility proposes that individuals should have equal access to trans-
portation and travel. Our findings support prior work from different regions that found that transporta-
tion is often not equitable for disabled riders [91, 154]. In some societies, media-related campaigns
(e.g., television, radio programs and advertisements) have been used to target behavior change [134].
Technology such as persuasive design and game development can be another effective method to
impact behavior change [40, 80, 101], especially among operators who discriminate and harass
disabled riders.

4.4.2 Exploring context & adoption

It is undeniable that for cities like Kampala and Kigali, local social influences are unique and impact
the lives of citizens. Our comparisons are not meant to elevate one city over the other, but rather to
explore how regions that may appear quite similar from the outside may have different factors that
impact technology adoption.

While both cities have been known to celebrate innovation, it is apparent from our discussions
with different key informants in the two ecosystems that the nature of each system is fundamentally
different. Kampala is characterized by a grassroots approach to technological innovation: individuals
come together to implement systems that might end up influencing policy. The culture fosters a
communal effort towards problem solving and solution creation, and therefore it may benefit from the
use of crowd-based technologies and participatory design approaches that allow for continuous public
initiative and contribution to the creation of a system and its content. Having users provide real-time
information about road closures, construction and incidents of theft, harassment, less-than-optimal
transportation routes, etc., might be especially successful as they fit into existing community-based
practices. Top-down, policy-driven initiatives such as those for cashless payment systems struggled
due to the need for cash payments by operators to different players (e.g., fees, fuel, payoffs, etc.).
In spite of Kampalans’ interest in a cashless system similar to one in Kigali, financial technology
solutions also struggle when they create obstacles to existing forms of livelihood. Because of how
context can make or break adoption, new technology service models must consider the nature of the
ecosystem and purposefully balance aspects to obtain buy-in from cash-based stakeholders while
providing the ease of use desired by passengers.

In contrast, Kigali has an approach similar to a policy-driven model: government policies are put
in place to foster and direct an ecosystem of innovation (as noted in our findings). This policy-driven
approach that characterises Kigali’s growing ecosystem is primed for local ready-to-go technology
solutions. A good example is cashless payments, which can take the form of domain-specific smart
cards, debit card transactions, and mobile money payments. Due to supportive technology policies and

implemented infrastructure, Kigali has been able to design and employ cashless payment solutions
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within the sphere of public transit. Policies like these impact potential widespread adoption, especially
within urban areas with technology-friendly populations, by creating a single, unified system that can
be adopted simultaneously by all stakeholders.

Furthermore, in both cities, there is an opportunity to explore whether these policy narratives
engage with the lived experiences of disabled riders. These narratives provide opportunities in which
disability advocates and technology enthusiasts can engage with disabled people and their allies.

4.5 Summary

Fig. 4.1 A visual representation of the public transit ecosystem depicting three categories of stake-
holders

In this chapter, we examined the experiences of different stakeholders in the public transit
ecosystem. We have determined the following insights about the stakeholders (Figure 4.1) and their

interactions:

* Public Transit Riders: Riders are key stakeholders in the ecosystem (in addition to operators).
They can be further split into two groups (i.e., disabled riders and non-disabled riders) with

unique experiences and influences.
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* Public Transit Authorities: Authorities included transit operators such as drivers, boda boda

riders, and conductors; and regulatory agencies

* Public Transit Technologies: The transit technologies highlighted in this chapter include
ride-share technologies and an unsuccessful implementation of a cashless payment solution.

This chapter shows the negative influence of public transit authorities on public transit riders.
Non-disabled riders sometimes perpetuate these negative influences. The result impeded access to
public transit and influenced disabled riders’ capabilities. It also created an inequitable imbalanced
experience for riders that led to the eventual adoption and/or appropriation of public transit tech-
nologies (i.e., ride-share applications) by disabled riders in Kampala and Kigali. This population of
riders is underrepresented in the Human-Computer Interaction scholarship. In the next chapter, we
contribute towards filling this scholarship gap by exploring the experiences of disabled riders with

other stakeholders within the public transit technology ecosystem.
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5.1 Overview

Under-representation in research scholarship and populations has diverse effects on artifacts and
the future of research fields. The HCI community has notably lacked representation in both schol-
arship [70, 69] and study populations from African countries, particularly for individuals disabled
individuals. This double lack of representation can lead to the rise of solutions and findings that
reveal dissatisfaction, cost mismatches, and unique appropriations to match contextual circumstances.
According the United Nations, there are 80 million people on the African continent who have a
disability [115]. In Uganda specifically, that number is nearly 1.4 million [147, p. 4]. It is high time
that these populations are included in conversations about technology that could impact their way of
living.

Design and research movements are unanimous about the importance of inclusion with specific
regard to physical environments [184] and technological spaces [118, 105, 197]. However, these
approaches often fail to adapt to local contexts in the Global South, including countries like Uganda,

due to social-cultural differences. This issue presents the need for design movement agendas that
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engage with both the notion of culture and that of inclusion. One example of such a movement is
included in the principles that govern the Value-Sensitive Design framework [61]. The Value-Sensitive
Design framework advocates for prioritizing human values across multiple technology stakeholders.
In this framework, human values represent inherent beliefs and concepts of dignity and fairness that
are culturally relevant to local contexts. Situating these values across multiple stakeholders reveals
nuances that technology designers and researchers should engage and grapple with as they propose
methodologies and interventions. Relatedly, another example of a movement with similar principles is
the Disability Interaction (DIX) Manifesto [84]. The principles of “co-created solutions” and “value
use and usefulness” particularly advocate for the amplification of the voices of disabled individuals.
We extend this scholarship by applying these methodologies to assistive technology contexts in the
Global South (specifically, Kampala, Uganda).

In this chapter, we answer the following sub-questions:

1 How can we understand the values and relationships that exist in the public transit experiences
of disabled riders?

We adopted the Stakeholder Tokens Method [203] from the Value-Sensitive Design framework
to co-design a map that represents stakeholders within the disability ecosystem and the relation-
ships that exist between them. It is important to understand who the different stakeholders are

and the influence they wield, especially when designing new interventions.

2 How can we understand the public transit gaps and challenges that they currently experience?

We used qualitative methodologies such as interviews and design exercises to investigate the
unmet transit needs of disabled riders in Kampala, Uganda. Access to safe and equitable
public transit is known to increase inclusion and participation for disabled persons [194, 129].
Furthermore, there is the steady and continued proliferation of ride-share technologies that use

mobile computing to provide both transit and supplementary services (e.g., package delivery).

5.2 Method

5.2.1 Study design & data collection

We conducted 6 online semi-structured interviews, each with 2 design exercises. Our goal was to
elicit the unmet needs of the disability community and characterize the current and future roles of
technology. First, participants completed a design exercise to identify problem areas in transportation
and disability and envision possible technological solutions. In our second activity, we invited our
participants to co-design a stakeholders’ map that revealed underlying power structures within the
disability ecosystem. All interviews were conducted over Skype. Given the constraints of an online
study, we organized the activities to lessen the time and cognitive burden on our participants. This
research was approved by our university’s Institutional Review Board as well as by university faculty

in Kampala.
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We recruited our participants using social media. We invited adults who work in organisations that
advocate for and work with disabled individuals to participate. Our assumption was that members of
this group interacted with multiple parts of the disability ecosystem. We selected participants after the
research team verified participant roles in organisations. This was solely based on the disability type
and nature of the organisation. We wanted to speak to people with diverse experiences (Table 5.1).
After participating in the study, participants were compensated $40 (the average local cost of 1 month

of mobile data) for their time using mobile money transfer.

Table 5.1 Participant Information. Participant names have been changed to protect their identities.
*SL is Sign Language and *IDP is Internally Displaced Peoples

Name Disability Organisation Experience
Kagenza Deaf/Hearing Loss Disability NGO >10 years
Muwonge Mobility Impairment Government >10 years
Katongole Mobility Impairment Disability NGO 1 -5 years
Nassiwa Albinism/Low Vision Disability Activist 1 -5 years
Kunda None SL* Interpreter 1 -5 years
Murungi None IDP* NGO <1 years

Design exercise 1: Waving a magic wand

Our first design exercise was inspired by previous work [67]. We adapted the exercise for our context
by removing magic because it can conjure associations with the occult that might make participants
uncomfortable depending on their upbringings and beliefs. In this exercise, we asked participants
to imagine what challenges they would solve about public transportation if they were given all the
money they needed. Participants were given time to reflect, write down, and share their answers with
the interviewer. Then, using the How-Might-We method [42], we probed whether technology might
be used to address the challenges raised. We also asked questions to elicit further characterizations
of the roles technology presently plays in accessibility and transportation (e.g., in raising awareness,
reducing stigma and increasing access to services). Lastly, participants were asked to identify factors

that they felt were critical to the design of inclusive technology.
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Fig. 5.1 Image A (left) was the final image of nodes presented to the participants. Image B (right) is
an example of a map with some connections drawn between nodes. Connections are denoted by lines.

Design exercise 2: Map generation

We employed the stakeholder tokens method (adapted for an online study) [203] to co-design a
stakeholders map. Our use of co-design is predicated on invitation and empowerment of non-designer
users to contribute to the creation process [204, 205]. We were interested in creating a space where
participants contributed through their own lived experiences. The stakeholder tokens method from the
Value-Sensitive Design Framework [61] can be used to reveal complex sociopolitical relationships
among different stakeholders. We developed an initial image of nodes (i.e., stakeholders) using
existing literature about the disability community [27, 119, 125, 19, 165, 5, 36] and local knowledge.
This was guided by this question: Who are the people, communities, and groups involved with persons
with disabilities? As an example, a connection was drawn between a disabled individual and a health
worker. At the end of each session, participants were encouraged to review the map and add/remove
any connections that did not reflect their experience.

This document was piloted with three local Ugandan researchers who worked with vulnerable
populations in Uganda.These researchers were asked whether the image was a representation of
the current disability ecosystem. Over these iterations, 11 new nodes were added to the final map
that was used with participants in the study. The final image consisted of 22 nodes: Veterans, Aid
Partners, Person with Disability, Hospitals, Bus Drivers, Local City Authority, Boda Boda Drivers,
Activists, Rehabilitation Centers, Community Health Workers, Technology Startup Community,
Ministry of Health, Metropolitan Police, School Teachers, Pedestrians, Person with Disability’s Family,
Bicycle Operators, Traffic Police, Taxi Drivers, Industry Corporate Social Responsibility Teams,
Non-Governmental Organisations, and the Ministry of Gender, Labour and Social Development
(Figure 5.1A). The original stakeholder tokens method leverages the use of the tactile tokens [203];
our study was originally intended to mimic this by using a collaborative drawing tool. However, due to
a diversity of screen sizes, resolutions and internet connections, we could not use the tool. Participants

were sent the final version of the image over Skype and email in both JPG and PDF formats. They
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were asked if the image they were given was a complete representation of the disability ecosystem.
Participants were asked to identify direct stakeholders, indirect stakeholders and entities they believed
should not be on the map. Participants were also given the opportunity to add any stakeholders they
thought were missing and asked to identify the relationships/connections that existed among the
different stakeholders in the image. They were then encouraged to share scenarios that illustrated the
various connections. The identified relationships among entities on the image were denoted by lines
connecting them (Figure 5.1B). The goal of drawing these maps was to determine who participants
understood the potential power brokers in the community to be as well as elicit any underlying values

as described through the relationships drawn.

5.2.2 Data analysis

For our Magic Wand exercise, we used thematic analysis [20] to identify overlapping categories in
participant responses. We created an aggregate map using the data from Design Exercise 2 (Figure 5.2).
Due to incomplete data, one participant’s map was not included in analysis. After combining the
five maps, we noted the entities on the map that had no connections to other entities. We also noted
instances where participants felt the need to justify the connection with example scenarios. Our map
analysis led to the categorisation of stakeholders as Core or Periphery. We define Core stakeholders
as entities who are central to the lived experiences of disabled individuals. Periphery stakeholders are
entities with incidental or compound (through other entities) relationships to disabled individuals. We
also use the term Influential stakeholder to refer to entities that our participants perceived as power
brokers within the disability ecosystem. There were some instances where Influential stakeholders
were also Core stakeholders; however, not all Core stakeholders were Influential. We discuss the

different stakeholders in section 5.3.2.

5.2.3 Limitations

Due to the nature of online recruitment and participation, we acknowledge that our method limited
participation to individuals who have both access to data connectivity and knowledge of online
meeting tools. By limiting participation to only those individuals whose organisation affiliations
could be proven, we acknowledge that this undoubtedly excluded grassroots activists who do not have
any online presence and/or work in remote areas. Furthermore, while two participants mentioned
travelling outside of Kampala for work, the experiences they shared were from Kampala. Nonetheless,
we still believe that this work has important takeaways for growing urban populations (in Kampala

and other Ugandan cities).
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Fig. 5.2 An aggregated stakeholder map showing all of the participant-generated connections among
stakeholders. The greyed shapes represent stakeholders added by only one participant

5.3 Findings

5.3.1 Participants’ wish list

We present the participants’ responses to the first design exercise, Waving a Magic Wand, below. In
that exercise, they detailed how they would solve transportation challenges pertinent to the disability
community if they were given unlimited resources. The participants’ ideas are presented in the order

of their priorities.

Disability awareness and understanding

Three participants mentioned the need to create programs that foster an awareness in the general
public of the lived experiences of disabled individuals. Participants reflected on the daily challenges
of being confronted with apathy and blatant disregard by different members of the community. These

behaviors were not limited to a specific social class or situation.

“...Even those who are educated have that stigma because we do not understand what

people are going through.” - Murungi

“Change the attitude of transporters through their umbrella organisations: UTODA,

Uganda Bus Owners Associations, Boda bodas have cooperatives, groups and associa-
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tions. It can be the first step, because even if we bring accessible buses, if people still

have the attitude towards people with disabilities they will still ignore us.” - Kagenza

Additionally, Kunda noted that even when being asked for help, bystanders often acted like
disabled people were invisible. This further emphasized the need for a shift in the attitudes of people

within the community, which one participant said cuts across existing social classes.

Transport infrastructure

During the sessions, three participants reflected on the state of the existing infrastructure, such as
roads, pavements, and stages, noting that they were often nonexistent or inaccessible. They explained
that pavements (sidewalks) are often shared with boda boda drivers who are trying to avoid traffic
by riding on the pavement. They noted that it is then up to the pedestrian to carefully navigate their
way, even on the pavement. This feat is challenging to blind and deaf pedestrians who navigate these
sidewalks. In other extreme cases, participants noted places where pavements did not exist. In these
cases, pedestrians and vehicles are forced to share the same road (often to the annoyance of vehicle
drivers). In light of these challenges, participants advocated for investing their unlimited resources in

building physical infrastructure that is accessible and safe.

“...The challenge of accessing public means, for example, it will require to ensure that we
gazette properly these stages, in that people with disabilities can wait from there freely” -

Katongole

A dignity-first agenda: Accessible vehicles

Three participants talked about investing some of the money in the purchase of accessible taxis,
specifically citing the installation of ramps that can be used to board and disembark the vehicle.
Katongole described that when using taxis, wheelchair users are normally carried into the vehicle by
one of the transport operators (who is usually of no familial relation). The wheelchair is then stored in
one of three places: placed in the vehicle’s boot (if available), tied to the top of the vehicle, or tied at
the back of the vehicle. Katongole went further to explain the lack of dignity associated with how he
was handled as well as the constant safety concern over how his property was stored.

Techno-futurism: Innovative assistive technology

Two participants also suggested using the money as an investment in specific technology ideas. Their
rationale was that these ideas would support the daily commutes of disabled riders. Examples included
smart embedded systems with a simple push button interface that would alert bus drivers of a blind
passenger waiting for a taxi as well as audio controls on traffic lights. Muwonge specifically shared
a dream of modifying his wheelchair to include a pumping mechanism that allows him to access

vehicles with multiple heights.
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“I have a dream of a wheelchair that can raise up and go down. If it raises me up, I can
enter a lorry or bus. Using my own wheelchair, I pump it and I go up. It will be raised
and I am at that level of that vehicle then I can sit on it and then lower it and then go.” -

Muwonge

Diversity and under-representation

While most participants agreed that technology had the potential to reduce stigma, raise awareness
and increase access to services, one participant noted that there was still a lot more that should be
done. Murungi noted that in many of the services that were offered (e.g., ride-share vehicles), there
were few or no systems adapted to the abilities of disabled people. Murungi also noted that some
disabilities, such as autism spectrum disorder, were underrepresented. Five participants noted the
importance of consulting with a diverse group of stakeholders before engaging in the technology
design process. One participant, Kagenza, suggested the need for actively engaging persons with

different abilities in the design process itself.

5.3.2 Co-designing the disability ecosystem

Using an adapted version of the Stakeholder Tokens method, participants created an ecosystem of
diverse stakeholders with both linear and complex relationships within the disability ecosystem.

The fluidity of core stakeholders

Participants were unanimous in their identification of disabled riders as core stakeholders within the
ecosystem. This is consistent with the principles and strategies argued for in assistive technology
literature [105, 197]. Other core stakeholders included: Families, Non-Governmental Organisations,
Hospitals, Community Health Workers, Boda Boda Drivers, Bus Drivers, Taxi Drivers, Local City
Authority, and Traffic Police. There were some differing opinions on whether the local technology start-
up community was a core or periphery stakeholder. Only one participant argued their categorisation
as core. This was because the participant had experience interacting with local technology hubs
(i.e., co-working spaces that host local technology-centric events). Similarly, participants pointed out
that in theory, they believe the Ministry of Health to be a core stakeholder. However, they failed to
generate scenarios in which they had observed the Ministry of Health engaging with other parts of
the ecosystem. This observation is particularly significant because of the position of influence the
Ministry holds in terms of policy creation as well as its reputation for embracing innovative methods
for service delivery [48, 145].

The relationships among the stakeholders also played a role in whether they were perceived as
influential. A notable example of this are stakeholders that represented the transportation community
(i.e., Boda Boda Drivers, Bus Drivers, and Taxi Drivers). In their example scenarios, participants

justified their importance based on the role that they play as mobility providers. Additionally, Traffic
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Police emerged as influential stakeholders in the ecosystem. Participants recounted scenarios where

the traffic police acted as brokers of both security and safety.

“Most of the persons with disabilities have trouble accessing the roads too so Traffic
Police needs sensitization on how to handle these groups of people so that they can access
transportation... Through the police, transport operators have to be sensitized on how to

handle PWDs that are using various means of transport....” - Nassiwa

“... Traffic Police have an idea, especially on safety, transportation and also they can give

us an advice....” - Kagenza

Traditionally influential, but on the periphery

Among the stakeholders who were thought to be on the periphery of the ecosystem were: Development
Aid Partners; Ministry of Gender, Labour and Social Development; and Industry Corporate Social
Responsibility Teams. Participants conceded that while Development Aid Partners and Industry
Corporate Social Responsibility Teams were known for donations and hosting events (e.g., charity
walks/runs), there were still more opportunities for them to foster stronger involvement and relation-
ships beyond these events, a sentiment that has long been echoed in disability movements around the
world [32].

The anomaly among this group of peripheral stakeholders is the Ministry of Gender, Labour and
Social Development (MGLSD). The MGLSD is the official ministry responsible for the welfare and
rights of disabled individuals in Uganda [111]. There were only two connections drawn to this entity,
one that indicated that activists lobby the MGLSD, and the other representing collaboration with
the Ministry of Health. These two connections reveal MGLSD’s perceived participation with other
stakeholders within the disability ecosystem. While this shows involvement, there is still opportunity

for a direct connection between disabled individuals and the MGLSD.

The promise of symbiotic partnerships

The Technology Startup Community starred at the intersection of three subgroups. Participants posited
that the subgroup that included the Technology Startup Community and Government Ministries
held an influential position regarding the implementation of inclusive policies. They reasoned that
while it was up to the ministries to generate these policies, the Technology Startup Community
should be creating products that can be used by people with a wide range of abilities anyway. The
second grouping included the Boda Boda Drivers, Taxi Drivers, Bicycle Operators, Bus Drivers,
and the Technology Startup Community. The theme surrounding this group was mainly a call
for the creation of and advocacy for accessible transportation. Finally, the Technology Startup
Community intersected with a third subgroup that also consisted of the Local City Authority and
Non-Governmental Organisations. Participants noted that Non-Governmental Organisations have a

history of working with disabled individuals in remote locations, while Local City Authorities have
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the resources to implement widespread change. Participants stated that a collaboration between these
two entities and the Technology Startup Community would give voice and access to groups that are

traditionally underrepresented.

A case of allies & advocates

Allyship and advocacy were two of the connecting threads that tied together stakeholder representatives
from the Social and Education spheres within the disability ecosystem. There were two notable
examples of this. First, family members act as advocates for the well-being of their kin with a
disability. Participants stated that Family Members interacted with Schoolteachers on behalf of
their Family Member with a disability. A majority of the participants agreed that while activists
fight for “disabled causes”, they often do not have direct access to disabled people, often choosing
instead to go through Non-Governmental Organisations, Family Members, and even in some instances
Schoolteachers. In contrast, most participant experiences revealed the lack of interaction between
disabled riders and non-familial members of the community (e.g., denoted by Pedestrians on our map).
This provides additional weight to the need (mentioned in the earlier exercise) to create awareness
through changing attitudes and thereby create allies.

Eliciting implicit values: Human & technological

The disability ecosystem designed emphasizes the values of inclusion, mobility and safety. These
values were noted in the expression and examples surrounding stakeholders who are core in the
ecosystem, such as the Person with a Disability, the Transportation Providers, and the Traffic Police.
They stressed the need for the inclusion of persons with a diverse range of abilities. They also noted the
importance of including diverse types of stakeholders because each stakeholder represented interests
that were pertinent to the lived experiences of disabled riders. Examples included the transportation
providers for mobility, the traffic police for safety, and schoolteachers for education. This demonstrates
a shift in focus from the traditional clinical model (as observed in disability literature in countries
like Uganda [108]) to a preference for the social model of disability [83]. The underlying supposition
around the value ascribed to technology is its capacity to do all, an assumption that was transferred
and expected of the local Technology Startup Community. Katongole said that he expected the local
technology start-up community to actively participate in solving challenges raised by disabled riders.
For example, Katongole remarked on asking one of the local tech entrepreneurs to make for them a

pair of new legs, after learning about the use of 3D prostheses in Uganda [131, 142].

“... Us persons with disabilities, we approach them with challenging issues. One time |

went to someone and I was like could you please make for me legs....” - Katongole
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5.4 Discussion

5.4.1 Disability Justice: Engaging the lived experience

In our work, we demonstrate how the lived experiences of disabled individuals can be observed
through stakeholder map generation and conversations about relationships (or the lack thereof)
between different entities. Using this method, we were able to reveal unanticipated core stakeholders
who regularly engaged with other members of the disability ecosystem for transportation and identify
interesting relationships among known stakeholders. When seeking to change or update a complex
system, it is critical to know and understand all of the key stakeholders in order to implement real,
lasting changes with widespread engagement. These findings have two notable areas of impact. First,
our observations are useful to HCI researchers who seek to create interventions that could be used in
Global South and/or disability communities by relaying the values and relationships that are central to
diabled riders in this context. Second, they underscore the importance of learning and understanding
the lived experiences of disabled individuals before designing technology, rather than elevating the
design of technology as a solution or cure for their problems [77].

Our method and findings are aligned with broader movements worldwide that have advocated
for the awareness and inclusion of persons of disabilities across various domains and geographies
(e.g., politics and policy [32], design [118, 184, 105, 197, 84], etc.). Recently, these movements have
given rise to the Disability Justice movement [76], which is particularly relevant to HCI scholars
and practitioners who are interested in understanding the various ways in which technology may
magnify marginalization. The Disability Justice movement advocates for disabled riders who exist
at multiple intersections of social categorization and promotes understanding and elevating people’s
lived experiences. Through our work, we reiterate the importance of understanding and exploring

these values when researching or practicing HCI.

5.4.2 Positions and perceptions of power and influence

It is common practice for HCI for Development (HCI4D) practitioners and researchers to engage with
multiple local stakeholders when developing, piloting, and evaluating systems [68, 81, 113, 82]. Often
among these stakeholders are people who traditionally hold offices of power, such as Development
Aid Partners, Industry Corporate Social Responsibility Teams, and the Ministry of Gender, Labour
and Social Development. Our work revealed evidence of nontraditional brokers of power within
the disability ecosystem, such as Traffic Police and Transit Operators. This was a surprise because
sought-out authorities on these topics typically include government ministries and development aid
organizations. It is therefore important for scholars to understand the underlying power structures
that exist within communities beyond the traditional hierarchies that are socially and even culturally
observed in order to engage and impact an entire system.

Notably absent from this ecosystem are academic researchers, a fact that raises two questions: Is

there a current lack of accessibility research for the Kampalan context or is accessibility research that



5.4 Discussion 40

is relevant to the local context not readily shared with disabled people? This finding also raises an
ethical concern that is pertinent to HCI researchers in both the Global North and the Global South
regarding the distribution of research results. Many researchers would agree that participants who
take part in the piloting and evaluation of HCI research should receive access to the resulting findings,
but it is likely that fewer of us have considered how to transfer knowledge to a broader network of
stakeholders within an ecosystem in order to ensure that our research can have impact. How can we
best ensure that our work can positively benefit communities, particularly those that are typically

underrepresented?

5.4.3 Two agendas: Physical infrastructure & awareness

This work identifies two agendas that emerged as important within the disability ecosystem: Accessible
Physical Infrastructure and Awareness. While it may be out of the typical scope for HCI scholars
to directly sponsor or change policy, there is an opportunity for researchers to engage in research
that advocates for policy and social change. Specifically, researchers could focus on technological
approaches to raising awareness of instances of inaccessible infrastructure [171], documenting and
sharing experiences around conscious and unconscious bias as well as discrimination and harassment
of disabled individuals. For example, both Project SideWalk [171] and Tiramisu [208, 183] worked
with local transportation providers to improve accessibility. Taking inspiration from this, strategic
partnerships between researchers and mobility stakeholders, like ride-share companies in Kampala,
present the unique position and opportunity to bring awareness to inaccessible physical infrastructure.
This includes but is not limited to: lack of pavements, missing manhole covers, construction, broken
pavements, and streets known for traffic violations during rush hour. Ride-share companies are
in a unique position because their users travel far and wide. Therefore, users could be asked to
crowdsource the information either about what they observed on their commute or about their locale.
This information could then be aggregated and visualized in multiple formats (e.g., maps, text, etc.).
Given the widespread prevalence of inaccessible physical infrastructure, this information could be used
to inform users and policymakers about neighborhoods and high priority routes (e.g., [191]). Likewise,
ride-share companies could harness the power of social media as an activism tool [121, 124, 98, 132]
to raise awareness of problematic neighborhoods and advocate for the intervention of local city
authorities.

Finally, Kampala is in the process of drafting policies to guide its transition into Smart City status
[104, 97]. This provides an opportunity for researchers to engage in work that would expose ways in
which the automation of existing unconscious cultural biases [108] may threaten the livelihoods of

disabled individuals. This is also an opportunity for research to have a direct impact on policy.
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5.5 Summary

In this chapter, we further contribute to accessibility scholarship by characterizing the disability
ecosystem that is connected to the public transit ecosystem (Figure 5.3).

Fig. 5.3 A visual representation of the public transit ecosystem depicting an additional category of
stakeholders: non-transit individuals

* Public Transit Riders: This chapter focused on exploring the interactions between disabled

riders and other individuals in the disability ecosystem.

* Public Transit Authorities: The authorities highlighted in this chapter are public transit operators:
bus drivers, taxi conductors, boda boda riders. In this chapter, this category also includes: traffic
police officers, and city authorities.

* Public Transit Technologies: While no technological applications were mentioned, we highlight

technology creators and start-up community leaders in this category.

* Non-Transit Individuals: This category included groups of individuals who were not directly

related to transit: allies (i.e., schools, NGOs, and activists) and health services (i.e., hospitals)

We identified specific values (e.g., inclusion, mobility, and safety) connected to new core stake-
holders (e.g., technology creators, transit operators, and traffic police). These new core stakeholders
emerged through a lack of interaction and mistrust of previous traditional key stakeholders. We posit
that trust is a key influence when designing for equity in public transit technologies. However, before
identifying the design implications of these findings, we questioned whether this influence manifested
outside of our study context. We explore the context of North America in the next three chapters of
this thesis.



Part 11

Exploring Public Transit Ecosystems in
North America



Chapter 6

Navigating Public Transit and its
Disruptions

This chapter contains an article in preparation:

Carter, E.J., Kirabo, L., Lehman, J., and Steinfeld A. (in preparation). “I’m sure there’ll be a kind
soul who wants to help me”: How Blind and Vision-Impaired Riders Navigate Public Transit and

its Disruptions.

Permission to reproduce the text as part of this dissertation will be included in the original

publication’s copyright.

6.1 Overview

A major difficulty in leveraging the available information for successful journeys is that transit
systems—and pedestrian routes to and from their stops—are not immune to disruption. Construction,
delays, accidents, weather conditions, full vehicles, complicated vehicle transfers, sidewalk issues,
and vehicle problems can all contribute to last-minute changes in routes and schedules that are difficult
to navigate. Disabled riders often have more difficulties adapting to unexpected shifts in their travel
plans [152]. When blind or vision-impaired (BVI) individuals are faced with these scenarios, they
must rely upon their own skills and hope that they can overcome inaccessible notifications, temporary
signage, and voids in information.

In this chapter, we answer the research question, How can we characterize the navigation habits
of disabled riders? We assert that through understanding the navigation experiences of disabled riders,

we are able to understand which stakeholders they engage with and the role transit technologies may
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play in mitigating these barriers. We further constrained this study to investigate navigation habits
during transit disruptions. Transit disruptions create temporary vulnerability, so it is important to
understand whether other stakeholders can be allies in these situations. Current and future public
transit technologies should be designed to respond to the extreme and mundane navigational needs

public transit users.

6.2 Method

6.2.1 Study design and data collection

We performed semi-structured interviews with twelve participants. The interviews lasted one hour and
were conducted either over videoconferencing software (Zoom, 10 participants) or over the telephone
(2 participants). The interviews were structured around 22 questions on the following topics: frequency
of public transit use before/since the onset of the COVID-19 pandemic; preferences for specific modes
of transit; frequent destinations and regions of travel; preferences around travel times; trip durations;
trip planning methods and route selection; planning and execution of vehicle connections; describing
incidents where trips did not go as planned and recovery methods and resources; safety during regular
and novel trips and disruptions; technologies used for public transit-based travel; ticketing; the impact
of issues like vehicle crowding, timing problems, detours, and potholes; navigating to/between stops
indoors and outdoors; and how transit technology could be improved and what it should include in the
future. All interviews were performed and notes about responses were transcribed by an interviewer

familiar with the various vehicles used in the local public transit system and popular apps.

6.2.2 Participants

Twelve participants were recruited and interviewed via from a list comprised of previous volunteers for
other studies who had expressed willingness to participate in additional research and word of mouth.
All participants were BVI adults who use public transit in our region at least once per month. Seven
were over 65 years of age and eligible for the no-cost senior citizen pass for the transit system. Four
participants were blind and eight had vision impairment, of whom two also had hearing impairments.
Five used service dogs for navigation.

The participants completed the hour-long interviews over telephone or video call from the location
of their choice. They were paid 20 USD via Venmo or online store gift card. This research was
approved by our university’s Institutional Review Board.

Our sample size was determined in part by saturation [166], as we received high levels of repetition
in participant responses. Thus, we are confident that we have uncovered the most common problems
with recovering from transit disruptions for BVI riders in our local context. This research is part of a
larger project to inform local transit information accessibility solutions, particularly for BVI riders.
For the first stages, it is important to impact as many of these users as possible with design changes,

so we will focus on common themes.
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Participants reported using public transit at least five times per week (3), at least once per week
(5), and at least once per month (4) at the time of the interviews between late 2021 and late 2022.
Prior to the COVID-19 pandemic, they reported using transit at least five times per week (7) and
weekly (4) (NB: one participant moved from another area). All 12 participants reported taking the

bus, 8 reported using the light rail system, and 5 reported using paratransit services.

6.2.3 Data Analysis

After data collection, the interviewer for each session cleaned up the data to account for questions
being answered out of order, at multiple points in time, etc. All data were compiled into a single
file with responses coded by participant number. For straightforward prompts (e.g., “What tools
do you use to plan your trips?”), responses were tallied. For more complex prompts and ideas that
carried throughout the interview (e.g., discussing how to recover from unexpected trip disruptions),
two members of the research team performed reflexive thematic analysis by recording each point of
the data for various prompts, looking for patterns and commonalities across these data points, and
organizing the data points into common themes. With minimal revisions, the two researchers came to

agreement on the themes in the dataset.

6.3 Findings

6.3.1 Influence of operators and other riders on a journey

During trips, every single participant said they asked vehicle operators for information. This included
being told when they arrived at their desired stop (P107), how to find another vehicle to complete
a transfer (P103), and what to do during a disrupted trip (P106). We realized that operators have
unusually high power in the lives of BLV riders: a single operator can determine whether a journey
succeeds or fails. P107 reported an instance where a disruption led to drivers calling each other to find
out what to do, but none had enough information, so she had to disembark, cross the street, and board
another vehicle. P109 reported that a paratransit driver almost left her behind and yelled at her for
being in the wrong spot for pickup in a parking lot. In contrast, when P103’s journey was disrupted,
the vehicle operator offered to guide him herself if nobody else was available to assist him.
Participants very frequently ask other people for help throughout trips. P109 said, “The first
thing to do is to see if anyone around me knows.” P104 reported asking her sighted husband to
check Google Maps and Street View to help her find safe intersections to cross streets during her
solo journeys. P108 was new to the city and would review routes in advance with a blind friend to
determine her chances of success. Participants often asked other people at bus stops to tell them
when a specific vehicle arrived (e.g., P110) or asked other riders to tell them when to get off (P107).
However, they noted that the people sometimes leave: “It’s a pain to explain to that person, ‘Let me
know when my bus gets here but let me know also if you leave before me....” It’s too much to ask

sometimes. It shouldn’t be, but it is.” — P110. Often, they ask nearby people about the location of a
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stop when they are on foot (e.g., P108, P109, P112). Some participants even reported that they would
avoid traveling to certain areas or become quite nervous during off-times like nights and Sundays
because there would be nobody around to help them (P107, P109). In a number of cases, fellow riders
— including familiar strangers who often travel the same routes or “travel buddies” who commute
together and know each other — were the key piece of the puzzle when a travel disruption occurred.
Previously described examples include P112 walking with others to a different bus stop and P106
getting a ride with fellow travelers. These scenarios were in direct contrast to the experience of many
non-disabled riders who can rely on technology and eyesight to navigate their trips without speaking

with anyone, often even in the case of disruptions.

6.3.2 Planning and other mechanisms to counter potential transit problems

Participants described a number of mechanisms that they used to account for and/or avoid any potential
problems that could disrupt their trips. Most of the participants planned to arrive early if they had
somewhere important to go and “give [themselves] a lot of time because you never know what will
happen” (P101). They relied on preplanning using the port authority phone service and website as
well as various travel apps. P110 reported studying his routes on GPS software. P101, P106, and
P108 said that they felt nervous on unfamiliar routes; P105 and P108 tried to avoid taking them when
possible. P103, P107, and P110 reported that discomfort with transfers led to them trying to minimize
or avoid them. “If I have to change buses twice, I probably won’t go via bus," — P107. In cases of bad
weather, conditions could impact what type of vehicle was taken (P111) or whether public transit was
taken at all versus paratransit or rideshare (P103). Participants were also concerned about the safety
of stops (e.g., P104, P105) and whether there might be an unleashed dog nearby (P105).

Other factors that impacted planning included construction and sidewalk conditions. If participants
knew in advance that construction detours were likely, they would leave earlier (P108), check for
detour information in the apps (P105), walk (P102), or use BlindSquare to figure out where they are
located, where they might be going, and how to describe where they are to call someone for directions
(P109). Participants reported difficulties when sidewalks were absent or closed (P105), or if they were
under construction (P103, P104) or blocked by temporary obstacles (P103). Participants with guide
dogs reported easier recovery (P103, P104). Participants also reported avoiding certain intersections
where it is busy or otherwise difficult to cross (P104, P108, P109) and would go out of the way to use
safe crossings.

When they experienced a disruption, participants reported a number of methods that they used
to continue their journeys. In addition to asking others for assistance, these methods included using
GPS to navigate to a new spot or discover the current location (P105), using apps to find another route
(P102), catching a later bus (P109), getting out and walking (P101), and calling a rideshare service
(P105).
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6.3.3 Impact of mobile transit technologies

Several participants noted that the improvements in transit technologies had improved their quality of
trips. For example, P109 said, “The apps have definitely meant a lot of freedom. I must admit that
in the past if something like that had happened, I might just have given up and gone home. I might
have kind of panicked. I mean the things that I’'ll do now, I could only do because I know I can make
an emergency call from the phone.” Other participants appreciated knowing more accurate vehicle
arrival times than could be achieved with schedules (e.g., P104, P105, P106). Multiple participants
leveraged the information from vehicle annunciators to determine that they were on the wrong vehicle
(P103) or going in the wrong direction. P106 uses the real-time schedule boards at some vehicle stops
to make informed decisions. One app was noted to tell users when they had deviated from a route so
that they would at least know that a detour was happening.

Additionally, we uncovered a number of concerns about the accessibility of our transit system,
including for websites and apps, bus stops, and their overall ride experiences. P102 noted that the
colors used in apps were sometimes problematic for colorblind users and buttons are often hard to
find. Also, P110 said that software updates can change accessibility by moving item locations and
screens unexpectedly.

Many participants thought that there were opportunities to change their experiences at bus stops.
P104 recommended having the possibility of obtaining accessible schedules at each stop. P108 said
that he was told there is sometimes a QR code to scan for information about a stop, but it does not
provide information beyond the bus schedule. He identified the opportunity for “something in lieu
of bus stop numbers that you can’t read”. Similarly, P105 suggested a QR code that could tell the
user which buses were coming. P108 kept lists of bus stop numbers in her phone to use for the text
messaging system.

Interestingly, participants sometimes explicitly stated that they wanted the information that sighted
people already have. Both P102 and P108 wanted to know about the world around them so that they
could have opportunistic interactions: if you are aware that there is a bank nearby, you can take the
opportunity to go to the ATM at that moment instead of making a separate trip to a known bank
location later. P104 described using BlindSquare to show nearby intersections to their destination
when exploring a route, but still wanted the more extensive information available to a sighted person
using Google Maps and Street View. As a technology recommendation, P103 requested the ability
to leverage a smartphone camera to guide himself somewhere with his dog. The camera would be
able to help him find crosswalks and traffic light colors so he would not need to rely exclusively
on his own Orientation and Mobility skills. P106 and P111 also revealed that sighted people have
more information available to them during trip disruptions because they can look out of the vehicle

windows and see what is happening.
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6.3.4 Navigating the first and last miles

A consistent theme across all of our participants was the difficulty in finding stops, particularly off the
vehicle. As noted previously, there are not distinctive poles to signify stop locations and few poles
have Braille information about the stop numbers. P102 and P103 noted they often don’t know exactly
at which corner to wait. Participants also stated that the website, apps, and even customer service
did not reliably give sufficiently detailed walking directions to and from stops. For example, P105
wanted to know when to be on which side of the street. P104 and P108 wanted to know the locations
of crosswalks, lights, and audible crossings for safety. P101 and P110 wished that their GPS and
directions could be more precise. Additionally, P110 wanted his phone to be able to remember a few
spots so that it could tell him when he was approaching them. P108, and P110 talked about problems
with bus stacking, and P103 and P110 recommended some way that the phone could identify which

bus was which.

6.3.5 The persistent request for accurate real-time information

Many of our participants’ comments concerned a desire for complete and accurate real-time informa-
tion. The local system provides vehicle location maps and estimated arrival times on their own website,
via text messaging and customer service, and through a real-time API key that other developers’
apps can leverage. However, the website notes its own shortcomings: delays are reflected only in
arrival predictions that increase or do not count down, there is no data on vehicles that are more
than 30 minutes from the stop (that could be used for accurate planning), out-of-service vehicles are
simply not displayed on the tracker, and detours cannot be displayed. Notably, detoured vehicles
completely disappear from the tracker until they return to the original route. Participants had noticed
these problems. For example, P105 stated that a bus may be “27 minutes away but stays that way for
15 minutes.” P112 noted that some of the apps do not include bus locations, including for the vehicle
being ridden, which would be helpful. P108 expressed disappointment that the website could not
provide sufficient information on detours, lateness, and missing vehicles. Similarly, P103, P105, P109,
P111, and P112 all wanted more information about disruptions, including detours, road construction,
sidewalk construction, discontinued stops, and crowding. P105 specifically wanted to know enough
“to not have to ask the driver what’s happening.” One suggestion was to use crowdsourcing so that
riders could report issues with the bus, with the caveat that people would have to be honest (P104).
Overall, P109 recommended “better communication throughout the system so everything from shelter
moves to detours to construction was tracked to the highest level and info was passed down effectively
to customer service or apps with notifications to drivers. Communication is something that tech can
definitely help with and I don’t think it’s being done all that effectively right now.”

In order to get this information, most participants endorsed notifications via phone. P102, P108,
P112 were all interested in getting text messages about travel disruptions. Eight participants wanted
an option to set up push notifications on their phones, although there was some nuance to how they

believed they should be implemented. P104 noted that she gets too many already, so she would need
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to be able to customize which she wants. P101 would want them to work for the specific route being
taken, and P109 would want them for routes she takes often. P108 recommended making it an opt-in
system where the user would have to specifically sign up for certain routes. P103 and P105 noted that
the notifications would have to work even if the app was not open. P110 also requested a notification
within the app as well, in case he missed the push notification. P102 and P110 also wanted information
similar to what happens in GPS apps that provide driving directions: a notification of the disruption as
well as a list of recommendations for other travel options. P111 added the recommendation of audible

announcements about problems on the vehicles themselves.

6.3.6 Envisioning public transit futures

Participants envisioned a future where they often did not have to take public transit at all. Four
participants (P102, P104, P107, P109) wanted a future with self-driving cars, with P109 specifying
that they would also be electric. P102 was more general, saying they “would like to have an ability to
travel by car alone, either having self-driving cars or a chauffeur.” P108 wanted their means of travel

to enable spontaneity.

6.4 Discussion

In this research, we were able to provide additional support for previous findings about how BLV
public transit users navigate through journeys in general (e.g., [72, 183, 94, 152]).Moreover, we
presented further data describing the shortcomings in existing systems and services. These findings
highlighted the limited changes and improvements in the public transit ecosystem transportation
over several years, despite improved technology. Our participants still complained about issues that
were pervasive in research as early as the 1990s, even when solutions had been proposed by prior
work: a lack of accurate real-time data (e.g., [183]), issues navigating transfers (e.g., [72]), difficulty
finding stops and using physical infrastructure [29, 79], overcrowded vehicles (e.g., [208, 183], finding
crosswalks [4], and problems traveling to and from stops on sidewalks (e.g., [171]).

6.4.1 Supporting transit disruptions

This research expanded our knowledge about how BVI individuals manage disruptions to their trips,
and it confirmed previous findings from the general population of transit users about wide-ranging
individual differences in recovery strategies and perceived inconvenience [162]. Our participants had
experienced unplanned drop-off points, surprise transfers, detours, traffic, construction, missing or
delayed vehicles, and getting on the wrong vehicle. They recommended the introduction of push
notifications to inform them of issues on their route. Ideally, they would want a travel app to let them
know about these disruptions before leaving their starting point so that they could change their plans
as desired. However, they were also open to being notified as soon as an issue arose. Currently, there

are some crowdsourcing systems that can provide some of this information (e.g., crowdedness data
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in Google Maps and [208]) and some notifications from the public transit systems themselves (e.g,
Twitter, website updates); however, the necessary information for trip rerouting is often incomplete,
inaccurate, old, or entirely absent. Participants wanted apps to provide better notifications about
disruptions as well as easy methods for rerouting without having to rely on others for assistance and
information. In the future, this information could be integrated into transit and navigation apps from a

combination of transit agencies, drivers, riders, and sensing abnormal behaviors from vehicles.

6.4.2 Implications for Al-based solutions

The vast, persistent chasm between rider needs and available technological solutions reinforces the
importance and value of innovations in this space. Our participants suggested ideas for general
improvements to the current apps. These included accessible information about current vehicle
locations, incorporating traffic and related information into creating more accurate trip timing, using
more precise location services for finding stops, providing methods to identify specific vehicles among
many, and incorporating other existing information about the surroundings.

Al could be used to provide solutions for providing current vehicle locations and more accurate
arrival time predictions, as is currently done via Apple Maps, Google Maps, Waze, and other driving
navigation software. It could also infer stopped vehicles, traffic along a route, or other vehicles
detouring around an area, identifying potential disruptions to journeys. This information also could be
integrated into transit-specific services. Also, stops could be upgraded using physical improvements to
infrastructure that make them easier to locate, such as using IoT (WiFi, Bluetooth, etc.) approaches for
precise location sensing the stops themselves (e.g., [59]. Additionally, they could include distinctive,
high-quality signage and provide accessible information about routes and arrival times. They could
also sense when people are waiting at stops and allow them to identify and signal to their desired bus.
Finally, a combination of location-aware technology and crowdsourced methodologies could be used
to determine which of many approaching vehicles is the desired vehicle. While these improvements
might be difficult to coordinate across multiple agencies [152] and companies, they would improve

experiences for all riders.

6.5 Summary

In this chapter, we examine disabled riders transit experiences during disruption events (Figure 6.1).

Transit journeys

* Public Transit Riders: Primary stakeholders in this category include disabled riders, other riders

in the vehicle, and pedestrians

e Public Transit Authorities: There were two main authorities that were mentioned: drivers and

Pittsburgh Regional Transit phone operators
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Fig. 6.1 A visual representation of the public transit ecosystem depicting three categories of stake-
holders in chapter 6

* Public Transit Technologies: Transit in the North American contexts runs on schedules. As
such there are a number of bus scheduling mobile and web applications that are available to use.

Our findings show that the primary stakeholders when disabled riders experience public transit
disruptions are in the public transit riders and authorities categories. These experiences show that
these stakeholders act as allies during disruption experiences. Understanding the role of primary
stakeholders gives insight to the amount of power and influence they leverage. This influence can
be further amplified by advanced technologies. In the next chapter, we examine the application of
Machine Learning techniques (e.g., adaptive user interfaces) on public transit technologies (e.g., bus

apps)



Chapter 7

Investigating the Influence of Mobile
Adaptive User Interfaces

This chapter contains an article in preparation:

Kirabo, L., Carter, E.J., and Steinfeld A. (in preparation). “Sometimes, I love it. Other times, I

cannot stand it”: Investigating the Influence of Mobile Adaptive User Interfaces.

Permission to reproduce the text as part of this dissertation will be included in the original

publication’s copyright.

7.1 Overview

Artificial intelligence (AI) techniques and technologies have advanced considerably in a variety of
domains, aided by the proliferation of context-aware devices like mobile phones. The growth of
Adaptive User Interfaces is a natural extension of this advancement. Adaptive User Interfaces are
interfaces that are designed to dynamically adapt to a user’s behavior, needs, or preferences [176, 89].
They have been applied in both low- [209] and high-risk [22, 106] situations. The rewards associated
with these interfaces include increased user satisfaction [58], convenience [209], and precision [64].
While there is no general consensus about the success of Adaptive User Interfaces [64, 57], their
fundamental strength is that they “keep users in the loop” [209]. This is particularly important for
user interface designers because it provides an opportunity to include the preferences of users with a
vast range of abilities and local contexts. I.e., Adaptive User Interfaces have the potential to enable
technologies to be responsive to a specific user-ecosystem relationship.

Many design agendas underscore the importance of inclusion [184, 197, 105, 118]. Adaptive

User Interfaces exist at a unique intersection of some of these agendas. For instance, the universal
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design principle of personalization [184] highlights the importance of incorporating opportunities for
choice and the expression of individual preferences. While universal design principles were created
for the built environment and static user interfaces, they can still offer insight into how to improve user
experiences during interaction with Al-equipped systems. Relatedly, the Disability Interaction (DIX)
Manifesto [84] highlighted the principle of value use and usefulness, which can also be implemented
through Adaptive User Interfaces. This principle advocates for designing innovations that get to and
are used by disabled persons.

In this work, we lean heavily on these two principles by investigating the behavior of PWDs using
Adaptive User Interfaces and demonstrating the application of Adaptive User Interfaces in public
transit. Public transit is of particular interest because it is a high-importance activity in the lived
experiences of disabled individuals, who are less likely to drive personal vehicles [149] and often
use fixed-route transportation [152]. There is a prolific amount of research and interest in accessible
public transportation (e.g., on navigation [120, 170, 137, 94], sidewalk accessibility [171, 16, 17, 188],
bus stop accessibility [78], and independent use [11, 108]) This work extends prior scholarship by
investigating the intersection of Adaptive User Interfaces, public transit, and disability. We leverage
HCI methodologies (e.g., design probe, interviews) to investigate the effectiveness of Adaptive User
Interfaces and associated behaviors of disabled riders. Our findings underscore the importance of
explainable artificial intelligence (XAI) that provides information about interface adaptations and

decisions in the Adaptive User Interface experience of disabled riders.

7.2 DRIFT - An Interactive Design Probe for Smart Transit

7.2.1 Overview

We created DRIFT!, an interactive design probe that simulated smart transit capabilities to our
participants. Traditionally, design probes have been used in spaces as varied as service design [14],
speculative investigation [21, 62], assisted therapy [88], dementia care [143], and poultry farming
[85]. DRIFT leverages semi-automated Wizard-of-Oz techniques [181] to bring the voices of PWDs
into the design and discussion of smart transit applications.

7.2.2 Interface Design

DRIFT’s interface consisted of three screen types:

* Screen type 1: A welcome screen. This screen detailed information about the tasks that

participants were to complete (Figure 7.1 A)

» Screen type 2: A scenario screen. This screen gave participants context about each task

(Figure 7.1 B). The scenario description depicted the experience of using the same commute

'DRIFT stands for aDaptive useR Interface For Transit
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Thank you for taking time to
participate in our study.

Task 1: Bus

Task 1: Scenario Selection

61D | Waterfront | 1 mins

0. The scenario w

d use of a single t: Select the r 61B | Braddock Hills SC | 2 mins

g a specific bus o

page (if nec

bus) 69 | Trafford via Haymaker | 4 mins

Mext

61C | McKeesport | S mins

81| Downtown | 6 mins

61D | Waterfront | 7 mins

618 | Braddock Hills Shopping Center |

83 | Downtown | 10 mins

61C | McKeesport | 10 mins

[ ]
[ )
[ ]
[ ]
L o= |
[ ]
[ )
[ 1
[ )
[ ]

Fig. 7.1 The three types of screens in DRIFT

everyday. The only change between the different scenarios was the day of the week. The
following is an excerpt of the scenario: J works 5 minutes from the closest bus stop. It is a
[Monday] evening and J needs to take the closest 83 bus into Downtown for the first half of J's
commute. Select the right bus for J on the next page (if necessary, scroll to find the bus). There

were a total of 13 scenarios presented.

» Screen type 3: A bus screen. This screen gave participants a list of buses from which to select
in order to complete the task (Figure 7.1 C). The bus screen had two interface-type designs:
non-adaptive and adaptive. In the non-adaptive version, participants scrolled through the
list to search for the 83 bus (Figure 7.1 C). We designed the adaptive version using adaptive
UX design guidelines [209, 201]. We leveraged two design patterns: Ranking and Highlight
(Figure 7.2). We implemented ranking by presenting the 83 bus at the top of the screen. We
chose to present participants with three options of vehicles for the required bus route. This
choice followed current transit UI designs. We highlighted the 83 bus option by giving each

option a darker background color than the other buses. There were a total of 13 bus screens
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(one for each scenario), five screens with the non-adaptive interface design and eight with the

adaptive interface design.

Task 6: Bus
Selection

The 83 bus is
brought to the top of
the list

The 83 bus is
highlighted with a
different background
color

61D | Waterfront | 1 mins

61B | Braddock Hills SC | 2 mins

69 | Trafford via Haymaker | 4 mins

61C | McKeesport | 5 mins

61A | Braddock | 5 mins

— e ey

Fig. 7.2 The adaptive screen design that leverages two design patterns: ranking and highlighting

In order to adhere to our university’s COVID-19 pandemic guidelines, we designed DRIFT to be
a fully functional, accessible online experience. It included all of the information that participants
needed, presented in a simple and clear manner. This gave all of our participants the agency to interact
with the system without any involvement of the research team. However, a member of the team

remained available throughout the interaction to answer any clarification questions.

7.2.3 Implementation

We created DRIFT using EJS, Node.js, CSS and JSON. These web technologies allowed us to ensure
screen reader compatibility. They also gave our participants a consistent experience across different
platforms. After each participant selected a bus, we logged the user, the bus they chose, and the time
they took to select the bus. We hosted DRIFT on a local server and stored the logged information in a

MySQL database for later analysis.
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Formative Studies

We conducted two studies to investigate the influence of Adaptive User Interfaces on the transit
experiences of disabled riders. Our Institutional Review Board approved both studies.

7.3 Study 4a: Interacting with DRIFT

We measured the effect of Adaptive User Interfaces on the time taken by participants to find bus
information. Our research was guided by this question: How do Adaptive User Interfaces in transit
applications impact the user experiences of disabled riders? We hypothesized that Adaptive User

Interfaces would reduce the time taken for disabled riders to find bus information.

7.3.1 Participants

We recruited 24 participants (Male: 3, Female: 19, None: 1, Non-Binary: 1), with most indicating
that they were between 18 and 34 years of age (18-24: 10, 25 - 34: 7,35 -44: 3,55 - 64: 3, 65 - 74:
1). We recruited them from an online participation pool?. All of our participants self-identified as
having a disability (Table 7.1). They were required to be fluent in English, 18 years of age or older,
and use a mobile interface to complete the study. The study lasted for 1 hour and participants received

$20 upon completion.

Table 7.1 Disability categories of participants in Study 1. *One participant identified as having both
vision- and mobility-related disabilities.

Disability Category Participants

Vision-related (including but not lim- 11%*
ited to: blind, low vision, colorblind)

Mobility/Motor-related (including but 4*
not limited to spinal cord injury,
wheelchair user, arthritis)

Cognition-related (including but not 9
limited to autism spectrum disorder,
some chronic neurological conditions)

Other 1

2Prolific.co is a website used to reach diverse research participants
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7.3.2 Procedure

We conducted a 2x2 mixed factorial experiment with a between-subjects factor (i.e., Order) and a
within-subjects factor (i.e., Interface-type). Order had 2 levels, Latte® and Lure®. Interface-type had 2
levels, non-adaptive and adaptive.

Order refers to the sequence in which participants saw the interfaces. In the Latte level, participants
saw tasks in the Adaptive User Interfaces first, while the Lure participants saw tasks in the non-
adaptive interface first. The former order simulates systems where prediction uses other factors
(e.g., neighborhood, time of day) or attempts to bootstrap from other users’ models. However, the
system may revert back to a training mode after several failed attempts. The latter order simulates a
traditional, Al-enabled transit interface where the system learns from initial use and later predicts the
user’s preferred bus.

The two levels of the Interface-type factor were non-adaptive and adaptive. The non-adaptive
interface-type showed participants a full list of buses for the relevant bus stop, and the adaptive
interface-type used adaptive UX design patterns to present users with the 83 route buses first (see
Section 7.2).

Each participant completed a total of 13 short tasks. For each task, participants read the associated
scenario first. They then used the bus screen to find the 83 bus. Half of the participants interacted with
DRIFT in Latte mode. The other half interacted with DRIFT in Lure mode. Before using DRIFT, our
participants completed informed consent and provided demographic information in a pre-survey. We
used this data as a validity check against demographic data in the online recruitment system. After
using the interface, participants filled out a post-survey.

7.3.3 Findings
Quantitative findings

We logged the completion time for each task to examine the effect of Adaptive User Interfaces on the
time taken by disabled riders to find specific bus information. We conducted a repeated-measures
ANOVA on the log data collected during the study and found that interface-type had a significant
main effect on the time taken to find the bus (F(1,22) = 11.154, p = 0.003). In the Latte order, the
participants completed the tasks 0.24s (7%) faster with the adaptive interface than with the control
interface. In the Lure order, participants completed tasks 2.6s (52%) faster using the adaptive interface.
However, we found that Order (i.e., Latte & Lure) did not exhibit a significant main effect on task
time (F(1,22) = 0.060, p = 0.26). We also saw a significant interaction between Interface and Order
(F(1,22)=17.70, p=0.01).

Our descriptive statistics also supported the findings from the repeated-measures ANOVA. They
showed that the adaptive interface-type had faster task completion times (Table 7.2). A histogram of

3Latte is an acronym that stands for Location Aware Transit inTerfacE
4Lure is an acronym that stands for Learn bUs RoutEs
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Table 7.2 The mean time taken across each condition in Study 1. The standard deviation is in
parentheses.

Non-Adaptive (NA) Adaptive (A)
Lure (Order: NA, A) 5.07 (2.00) 2.43 (1.30)
Latte (Order: A, NA) 3.28 (1.720) 3.04 (1.42)

the time-taken suggests the adaptive interface-type reduces outliers (Figure 7.3). Surprisingly, we
saw that participants who interacted with DRIFT in Latte mode completed all of the tasks faster, even

though there was only a 7% improvement between the interface types.

MNon-Adaptive Interface-Type Adaptive Interface-Type
e =

Fig. 7.3 Histogram representation of the time taken in each interface reveals cut-off outlier

In the post-survey, participants reported on 7-point rating items (higher number indicated strong
agreement) that they thought that the interactions with DRIFT would be useful in their commute
(Mean = 6.42, SD = 0.78) and that interactions on DRIFT were clear and understandable (Mean =
6.29, SD = 0.81). Participants also reported that they found DRIFT easy to use (Mean = 6.5, SD =
0.58) and that it enhanced their effectiveness in finding the preferred bus (Mean = 6.50, SD = 0.66).

Qualitative findings

Only one of the 24 participants indicated that they would prefer to have control over which buses
were shown by the interface. The rest of the participants used positive sentiment (e.g., ‘easier’,
‘convenient’, ‘helpful’) when describing their preference for the Adaptive User Interface in DRIFT.
Participants also detailed how interfaces like DRIFT could influence their lived transit experiences.
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“It would be much easier for me because then I would be less likely to tire out my
muscles scrolling on the screen, and I would feel less stressed about finding a bus.” - P4,

mobility/motor related disability

“[ like simple. I am older, vision impaired, and overwhelmed by choices.” - P21, vision

related disability

Participants noted specific contextual and environmental characteristics that might influence their
use of similar interfaces. Two participants noted the applicability of DRIFT for commutes (e.g., taking
the same bus) that involve the same routine destination (e.g., going to work). One also mentioned that

the interface would only be useful until it made an error.

“It would be easier to find my bus that I need all the time. It might not be easier if it
messes up when I need to find a different bus.” - P20, mobility/motor related disability

7.4 Study 4b: Investigating Interaction Behavior

Our Study 1 data analysis revealed unique interaction behaviors among our participants. All but one
participant still chose to scroll through the rest of a list even when the bus that they needed to find was
at the top of the screen. In this study, we investigated the motivation for this behavior.

7.4.1 Participants

We recruited 7 local participants (Male: 4, Female: 3) from the disability community. Our participants
were required to be fluent in English, use public transit, and be at least 18 years of age. All of
our participants identified as being blind or low vision. Two participants also indicated having a

hearing-related disability. After the 1 hour study, each participant received $20 compensation.

7.4.2 Procedure

After providing informed consent and completing a pre-survey, participants completed the 13 tasks
presented in DRIFT. All participants interacted with DRIFT in Lure order (i.e., non-adaptive, then
adaptive). After they completed the task, we conducted 1 hour individual online interviews using
videoconferencing software. During the interviews, we used guiding questions to obtain a detailed
walk-through of how they navigated the interfaces. We then probed participants on their daily use
of transit interfaces as well as their perceptions of smart interfaces. Data from the interviews was

transcribed and cleaned for analysis.

7.4.3 Findings

We analyzed our participants’ responses using thematic analysis [20]. We identified 18 high-level

themes that we further condensed to 5 themes. These themes were exhaustive search behavior,
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desired smart transit experiences, nuanced positive & negative sentiment, the elements embedded
in choice/action, and envisioning transit futures. In this section, we explore each of these themes in
detail.

Exhaustive search behavior

Six participants described searching through the entire list in both interface-types. They did so even
after they found the necessary bus at the top of the list. Moreover, they did not express any negative
sentiment about looking through the whole list.

“I went through the rest of the list to make sure there wasn’t a sooner 83. I was thinking
there might be more than one 83. There might be a sooner one than the one that said 10
min - the first option. So yeah, I scrolled down to make sure there wasn’t one that is at 5

min or 2 min.” - P1, vision-related disability, hearing-related disability.

Some participants noted that the user interface change (i.e., the 83 bus at the top of the screen)
was not immediately obvious to them. Because they were unclear about whether the change would
remain consistent, they kept scrolling. Furthermore, participants were unsure whether the predicted
option was the best option, so they searched for a better option. Lastly, P2 pointed out their preference

to know everything that was on a page before making a decision.

“When I am looking at any app or web page, I like to know everything on the page. There
may be some information further down that would assist me in making a decision. It
wouldn’t take me long to maneuver through the page to see the rest of the information,
then go back up and make my decision. It’s pretty much on me. It’s my habit.” - P2,
vision-related disability

Nuanced positive & negative sentiment

Participants’ opinions on the function of Adaptive User Interfaces were both positive and negative.
Like the first study’s findings, participants unanimously agreed about the potential benefit of learning
interfaces for public transit. They expressed this using positive sentiment, noting that Adaptive User
Interfaces are helpful, more convenient, made search easier, faster. In the same breath, however, they

also noted their grievances with the interfaces.

“Sometimes it gets in the way. I have had experiences where I want to get to a destination
(one I've been to before), I know what all my options should be. But the app won’t give

me all of those options.” - P2, vision-related disability

“Sometimes, I love it. Other times, I cannot stand it.” - P1, vision-related disability,

hearing-related disability
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Three participants also expressed a general a lack of trust in Adaptive User Interfaces, questioning
whether the interface was trying to trick them. Participants also expressed negative sentiment in
cases where contextual information (e.g., location/neighborhood) was the basis for suggested bus

recommendations. It stemmed from participants’ familiarity with specific information.

“Just show me what I'm used to like my favorite bus stop. That would make things much
easier. First come up with my default bus, so I can get [access to that] information no

matter where I'm at.” - P5, vision-related disability

Participants also discussed the appropriateness of predicted options. P3 noted that strictly adhering
to predicted options would result in a constrained experience. P3 specifically pointed out that predicted
options would result in a lack of spontaneity. They wanted the freedom of modifying their routes (e.g.,
visiting someone, discovering new routes) of their own will. In a similar vein, there were questions

about whether bus predictions were worth the hassle.

“If you’re only saving 5 minutes, and you know you’re comfortable with the one bus route,
maybe it doesn’t really matter. But if you’'re saving a half hour or an hour... or you have
a time deadline of getting somewhere. There’s just a lot of variables that could be in play

why it wouldn’t matter which route you would take.” - P4, vision-related disability

Desired smart transit experience

Participants consistently underscored their need for control over changes in the interface, whether these
changes related to machine learning (e.g., were based on their regular route, contextual information) or
application updates (e.g., adding micro-mobility options). Participants were adamant about viewing all
information that was relevant to them. Participants also expressed that the interface should be explicit
about its options. For example, if the first option was the best, articulate it. The idea of opting in also
complemented the need for control. Other participants were hesitant about the interface choosing
on their behalf. They argued that in the era of phone privacy settings, users are now conditioned
to choosing things for themselves. They suggested that this should be the same for Adaptive User

Interfaces.

Elements that influence transit choices

Participants highlighted important criteria that went into their route selection. Firstly, there was the
nuance of time. While participants appreciated knowing when their regular bus would come, they
admitted that they sometimes skipped the recommended option, perhaps to grab an extra cup of coffee
or even relieve their dog. Other times, the transfer window time trumped the total trip duration in
selecting a route. Participants were more interested in longer transfer windows that allowed them to
make their connection. The second criteria was safety. Participants noted that they considered stop

location, self-orientation, and surroundings as a priority when choosing a route.
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“I took three buses home to avoid a particularly nasty street crossing downtown. Forbes
and Stanwix is a five-way intersection and all the streets are really wide... it’s difficult to
keep a sense of direction. The light is not on all that long in any one direction. By the
time I’'m pretty sure that I have the light to cross, it’s changed. It only takes one time
being wrong to get squished by a car, so I'd better be safe than sorry. Sometimes I have

to wait quite a while.” - P7, vision-related disability, hearing-related disability

This finding also related to participants’ preference for routes with less complexity. Lastly,
participants constantly sought alternative routes to the destination. In the scenario presented, three
participants suggested alternative bus lines that would get J to the destination just as efficiently. They
argued that if there were other buses that could be used for a trip, the interface (and J) should not
be limited to one. This also illustrated the influence of the user’s mental model of the service and

knowledge of the transit system as a whole.

Envisioning transit futures

When referencing the future of smart public transportation, participants targeted ways in which current
applications could improve. These included consistent access to real-time information and the removal
of maps. P1 expressed the desire to have these interfaces solve the problem of bus stacking, when
there are multiple buses at a stop simultaneously and riders must figure out which one is their bus.
Other participant responses entered the realm of futurism. For example, P7 believed that voice
assistants such as Siri should be fully integrated with these applications. Four participants denoted

that the future lay in autonomous vehicles. They used advocacy language to describe these futures.

“I think one of the interesting things to me is that when people talk about people who
have disabilities or whatever, they always assume that autonomous vehicles will be done
for them, not by them. And that’s just such an offensive feeling to me. Now I don’t really
want to own my own autonomous vehicle I don’t see, I mean I don’t go enough places
to warrant that. But I would certainly like to be able to call the vehicle that I need, and
use it and let it go on about its business.” - P3, vision-related disability, hearing-related
disability

“In some ways, I would like to see self-driving cars. The reason for that is the buses don’t
go everywhere I want to go. I've paid taxes all my life for roadways and bridges and
tunnels, and I don’t get to use them unless someone else is going there. With a self-driving

car, I could go everywhere everybody else gets to go” - P6, vision-related disability.
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7.5 Discussion

7.5.1 XAI: The smart transit use case

The layered nuances expressed by our participants provide an opportunity to explore a role for
Explainable Al (XAI) in public transit. XAl provides a way for systems to build trust with users that
can influence adoption. Specifically, XAl advocates for model explainability in Al systems [186],
a move away from the black-box mental model that required implicit user trust. Our second study
demonstrated that expecting implicit trust of Adaptive User Interfaces creates frustrating experiences
for disabled riders. These frustrating experiences create artificial barriers to accessing relevant public
transit information. These barriers are in direct opposition to design movements that advocate for
inclusivity [184, 84, 32]. While some of these movements were established prior to advancement
of Al and machine learning technologies, they can still inform user experience. For example, the
integration of XAl aligns with the Universal Design goal of Understanding [184]. This goal advocates
for making methods of operation and use intuitive, clear, and unambiguous. Similar sentiment has
been expressed in the Ability-based Design principle of Transparency [198]. Additionally, there has
been recent work at the intersection of XAl and HCI [122, 51] that advocates for more transparency
in mainstream intelligent products. We focus on extending this prior work by augmenting adaptive
UX design guidelines [209] with the following accessible recommendations and considerations. We

also provide justification using public transit Adaptive User Interface examples.

Accessible labels & leveraging crowd-Al for contextual information

Augmenting predicted information with relevant accessible labels may improve the experience of
disabled users. For instance, route suggestions in public transit Adaptive User Interfaces should
leverage accessible labels to explicitly identify why they are suggested. Examples of labels gleaned
from our findings include: “Fastest”, “Regular Bus”, “Alternative Route”, “1 Transfer”, “Multiple
transfers”. Limiting labels to one or two words promotes faster readability and reduces the effort
needed to parse all of the information. Adaptive User Interface labels can also be generated by
leveraging crowd-Al techniques (e.g., for Adaptive User Interface labels specifically associated with
safety). This extends prior scholarship on using crowdsourcing to promote the accessibility of public
transportation infrastructure [79, 171] Also, when this information is added to public transit Adaptive
User Interfaces, it can augment the trip planning process. Examples of labels suggested by participants

in this research included "5-way intersection" and "no sidewalk".

Diversify predictions & agency

Consistent past behavior influences the predictions that are offered by Adaptive User Interfaces.
While the domain applicability of this outcome may vary, our findings suggest that within public
transit, users do not want to be persistently confronted with a single routine. Public transit Adaptive

User Interfaces therefore have the option to offer predicted routes as well as alternative routes.
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Offering alternative routes supports current user mental models in our findings (i.e., exhaustive
search). Additionally, providing the possibility for diverse predictions in Adaptive User Interfaces
could motivate conversations on agency. In this work, we conceptualize agency in two ways. First, we
consider agency to include users granting Adaptive User Interface systems/applications the permission
to learn (e.g., using an opt in/out setting). This would reduce the likelihood that the initial introduction
of Adaptive User Interfaces to an application would be jarring or disruptive, such as if it were added
silently through system updates. Giving disabled riders the ability to opt in or out of adaptive behaviors
would promote their experiences over a system’s agenda. Secondly, agency can be maintained by users
co-designing adaptivity with the interface. This conceptualization builds on prior knowledge about
mixed-initiative interfaces [86]. For example, labels may be leveraged to further personalize a user’s
experience. In the public transit Adaptive User Interfaces, disabled riders who are only interested
in "Fastest" routes with "up to 1 transfer" could have the option of selecting these preferences in
the settings. By making this specification, a disabled rider would co-create their definition of "best"
option with the system. When the best option isn’t available, the Adaptive User Interface should

notify the user and offer the recommendations from its default state.

7.5.2 Advocacy and technology advancement

The “Nothing about us without us” sentiment [32] was embedded in our findings related to the
future of public transportation systems. While this movement has been around since the 1990s and
this particular ethos is not foreign to the accessible HCI community, other computer science (CS)
communities may only engage with the disability community after a system has already been created.
In the realm of advancements in the automotive industry, an example is the impact that electric
vehicles (their sound or lack thereof) had on pedestrians who are blind before sound was added to
such vehicles. This question supports emerging research at the intersection of automated vehicles
and the disability community [24, 10, 38, 23, 192]. We therefore further amplify our participants’
voices by explicitly stating that disabled people should be included in any and all discussions on the
advancement of technology. This is also a call for researchers in CS-related domains to engage in

advocacy & awareness service.

7.6 Summary

In this chapter, we investigate the influence of adaptive user influences in the public transit experiences

of disabled riders in the North American context.

* Public Transit Riders: Primary stakeholders in this category are disabled riders.

e Public Transit Authorities: There were two main authorities that were mentioned: drivers and

Pittsburgh Regional Transit phone operators
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Fig. 7.4 A visual representation of the public transit ecosystem depicting three categories of stake-
holders in chapter 7

* Public Transit Technologies: In this chapter, we created a design probe, DRIFT, that simulated

smart transit capabilities.

In this chapter, we demonstrate that ML. augmented public transit technologies significantly
reduced the time taken by disabled riders to find bus information. However, there were still complex
layers to their interface experiences, layers that suggest a mistrust between disabled stakeholders and
public transit technologies (Figure 7.4). A distrust in public transit technologies has the potential
to create frustrating experiences that become an obstacle to accessing public transit information.
Relatedly, this distrust also results in inequitable experiences between stakeholders with and without
disabilities, thus creating power imbalances within the public transit technology ecosystem. The
appropriation of Adaptive User Interfaces and XAl can create opportunities for transparency and build
trust between disabled users and public transit technologies. These findings have two notable areas of
impact. Broadly, our findings present a use case for applying XAl for adaptive interfaces that will be
used by disabled users of public transit applications. Within the transit domain, the findings are useful
to service providers and startups that are interested in creating more accessible interfaces by centering

the experience of disabled riders.
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Chapter 8

Co-Designing Trust in Transit User
Interfaces
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Permission to reproduce the text as part of this dissertation will be included in the original

publication’s copyright.

8.1 Overview

Trends in public transit mobile technologies show a preference for the adoption of recommendation and
predictive systems. The adoption of recommendation and predictive systems is aimed at improving the
transit experiences of riders. These systems are useful when finding appropriate buses or identifying
the routes with the least traffic. They help increase trip planning efficiency and reduce the time taken
to search for transit information.

However, public transit users do not usually have insight into how these predictions and recom-
mendations are made. This lack of insight contributes to feelings of frustration, lack of control, and
mistrust in the system (section 7.3.3). It is in this context that we assert that explanations matter [50].
Explainable Al is a growing field that emphasizes making Al models and decisions more transparent.

An explainable Al is defined as “one that produces details or reasons to make its functionality
clear or easy to understand” [12, p. 85]. These explanations are either local or global in scope [43].
Local explanations give details regarding a prediction for a specific input, while global explanations

base their justification on the model’s process regardless of the input. There is a distinction as to
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whether the explanations are generated as part of the predictive process (self-explaining approach) or
through additional processing (post hoc approach).

Some of the goals of these explanations include promoting trustworthiness, fairness, and privacy
awareness [12]. To our knowledge, there is limited research on the intersection of explainable Al and
accessibility. Wolf and Ringland [199] identified two themes at the intersection of explainable Al
and accessibility: configuring explainable Al interfaces to enable alternative modes of interaction and
tailoring explanations to users with diverse needs.

We extend this scholarship by understanding the explainable Al needs of disabled riders who
use smart transit interfaces. In this chapter, we are interested in answering the following research

questions:

1. How can we understand which categories of explanations are essential to disabled riders?
(Section 8.2)

2. How do ‘transparent’ Adaptive User Interfaces in mobile transit interfaces influence the transit

experiences of disabled riders? (Section 8.3)

8.2 A Question-based Inquiry of Smart Public Transit Interfaces

Investigations into the importance of explainable Al are relatively new. In an effort to make Al-
based systems more transparent, researchers [122] have started employing frameworks such as the
question-based framework to guide design and discussions around explainability. The premise of the
question-based framework is to uncover questions (or doubts) that people have when they interact with
smart systems. Understanding these questions provides insight to UI/UX designers and researchers.
The questions are divided into 9 categories: Input, Output, Performance, How - Global, Why, Why
Not, What if, How to be that, and How to still be this.

For this study, we adopted the question-based framework designed by Liao and colleagues [122].
Given the scope of our study context, we determined that five categories of questions were immediately
relevant to public transit riders interacting with an Al-enabled transit interface: Why, Why not, How,

Performance, and What-if. We presented our participants with the following questions:

A. How accurate and reliable is the recommendation that the application has given me? (Perfor-

mance)

w

Will the system still work correctly if I am taking a trip outside of my normal time? (What if)

Why did the Application recommend the 61D bus but not the 61A? (Why Not)

o o

What kind of algorithm did the application use to recommend the 61D bus? (How)

m

Will the system still work correctly if I am taking a trip that is not my normal route? (What if)

F. How did the Application come up with the recommendation? What is the logic? (How)
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Name Age Disability
Allen 77 Vision-related
Helen 75 Vision-related
Diana 67 Vision-related
Brenda 63 Vision-related
Charlie 42 Vision-related, Mobility-related
Fiona 41 Mobility-related
Elan 31 Mobility-related, Cognitive-related
Glen 28 Mobility-related, Cognitive-related

Table 8.1 Participant Information. Participant names have been changed to protect their identities.

G. Why did the Application recommend the 61D bus? (Why)

8.2.1 Participants

We recruited 8 participants who were between the ages of 28 and 77 years of age (M=53, SD=19.75,
Table 8.1). We recruited participants from local and national disability organisations and participant
study email lists. All our participants self-identified as having vision and/or mobility-related disabili-
ties. They were required to be fluent in English, 18 years of age or older, and interact with a mobile
interface during one portion of the study. The study lasted for 1.5 hours and participants received a
total of $20 upon completion. Our Institutional Review Board approved this study.

8.2.2 Procedure

We conducted 8 workshop sessions that lasted 1.5 hours each. In each session, participants interacted
with DRIFT!, an interactive design probe created to showcase adaptive user experiences in the transit
context. The smartphone application asked participants to help J choose a bus to take from a list of

potential options. For the initial number of tasks, participants manually scrolled through vertically

I Drift stands for aDaptive useR Interface For Transit
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displayed interactive buttons to look for the best bus. After selecting the bus five times, the application
appeared to learned J’s preferred bus and gave that bus priority by presenting it at the top of the list.
We followed two AUI design guidelines such that the buttons for the preferred buses were given
different background colors and ranked at the top of the list [209].

After interacting with the application, participants participated in a sorting activity. The purpose of
this sorting activity was to probe participant curiosity and questions concerning the interface options.
We started the session with eight questions adapted from the question-based framework. We designed
multiple ways in which participants could interact with the questions (Figure 8.1): buttons, a paper
list, and cards. For the first format, we embedded the questions in interactive buttons. Participants
could press a physical button in order to hear an audio recording of the questions. During the sorting
activity, participants had the option of moving the buttons in order of their preference. These buttons
were also tagged with numbers for easy identification by the study team members, who noted the
participant responses. In the second format, the questions were also printed out on an 8.5x11 sheet
of paper, with the option of cutting them out and sorting them as a craft activity. In the third format,
the questions were presented as 8 cards that the participants could look through, sort, arrange, and/or

discard.

(N
s

Fig. 8.1 For the sorting activity, participants had the option to interact with the questions in multiple
ways. They would use interactive buttons, cards, or a list printed out on 8.5x11 paper. We also had a
mock-up of the design journey that included the bus stop, in transit, and the destination.

During the session, participants reflected on whether they considered each question with which
they had been presented. After that, participants ranked the set of questions in order of importance.
We chose this ordering of activities because we did not want a participant’s perception of a question’s
importance to influence their self-reports about the questions. Participants were also reminded that
they had the option of noting that none of the questions were relevant to their interactions with the

application. In order to examine the influence of the questions during the entirety of their public
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transit experiences, we split the journey into 4 stages: planning, in transit, at destination, and during a
disruption. A disruption includes but is not limited to delays, missing a bus, construction, and detours.
We asked participants to consider if any of the questions held particular influence over the different
stages of using public transit technologies.

After the design session, an experimenter conducted semi-structured interviews with the partici-
pants. During the interview portion of the study, we discussed participant perceptions of recommenda-
tion and predictive systems in transit technologies. We also asked participants to envision what future

smart transit systems might look like.
8.2.3 Findings

Ranking based on importance

In the analysis of the importance ranking (Figure 8.2), participants gave the questions about accuracy
and reliability the highest rank (i.e., questions A, E, and F). Questions that were given middle and
lower priority focused on the specific recommendation (i.e., questions C, H) and the internal workings
of the algorithm (i.e., question D).

High Priority Medium Priority Low Priority
A H D
Questions E C G
F B

How accurate and reliable is the recommendation the application has given me?
Will the system still work correctly if | am taking a trip that is not my normal route?
How did the Application come up with the recommendation? What is the logic?
Why did the Application recommend the 61D?

Why did the Application recommend the 61D but not the 61A?

Will the system still work correctly if | am taking a trip outside of my normal time?
What kind of algorithm did the application use to recommend the 61D?

Why did the application recommend both the 61D and the 61C?

O O WOImm>

Fig. 8.2 Participants ranked the questions from the question-based framework according to high,
medium, and low priority.
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During the planning phase, participants highlighted A,E,F, and B as the questions that were the
most important. These questions cover the accuracy, reliability, and the internal workings of the
application. Participants started to question the specific recommendation (i.e., questions H, C, and G)
during the in-transit phase of their journey. They reflected upon different scenarios in which these
types of questions would arise, such as the bus taking another route or being overtaken by another bus
heading in the same direction. Lastly, questions about the internal workings of the recommendation
system (i.e., question D) became relevant during disruptions. In fact, the disruption phase made

participants think about the connections between some questions.

“Does the algorithm know about disruptions that it can read, that it can run you onto to a
different bus. And then that leads into accuracy and then also similarly both questions
about which bus it shows. If it knows about it the disruption and it disrupts one kind of

bus or all, then I would wanna know.” - Charlie, mobility-related disability.

Ranking based on relevance

While participants noted the importance of the question-based framework’s questions, half of them did
not come up while they used the application. Participants recalled that the following four questions
occurred to them while they used the application (Figure 8.3): F, How did the application come up
with the recommendation? What is the logic?; E, Will the system still work correctly if I am taking a
trip that is not my normal route?; B, Will the system still work correctly if I am taking a trip outside

of my normal time?; and C, Why did the application recommend the 61D but not the 61A?

How What if What if Why not

Fig. 8.3 There were only four questions from the question-based framework that participants had
while they used the application. These questions represented three categories: How, What if, and Why
not

Unanswered questions

Participants raised new questions that the application should answer and take into consideration.

These suggestions fall into two subcategories: Failure/Recovery and Connection Accessibility.

* How does the application handle external uncertainty? Participants wanted to know how

the application’s suggestions considered events like traffic and trip cancellations. Would the
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application still recommend routes that were traffic-heavy, or would the system filter those out
from the riders’ view? Similarly, bus crowding was a feature of interest to participants. They
noted that crowding was a nuanced feature. For instance, while a bus may be half full, if all the
accessibility seats are taken, then a wheelchair user cannot access it. Some transit applications
offer a fullness estimate but miss this contextual nuance. Participants also questioned whether
smart applications could "figure out" how to identify detours. Every now and then, participant
trips include detours. These detours are sometimes planned, but a number are not. Participants
had a preference for this identification to happen in real time. Furthermore, it was preferable if

they were alerted about the detour before they boarded the vehicle.

» Will the application reliably handle complex trips in real time? For trips with multiple
buses, participants had specific questions about connections. They had questions about how the
application would react if it detected they would miss the connection. Simply telling the rider
that they will/might miss their connection was not seen to be sufficient. Smart applications

should provide information that is helpful during recovery planning.

“...If you’'re like really stuck in traffic, or the bus breaks down, or whatever it’ll say,
like, and pop up a little alert to be like you may not make make good time to catch,
you know, the 61 or whatever. Which is somewhat helpful but often just stressful,
though, because you have no control over the situation, so it’s like helpful to know
but it’s also stressful [....] Something similar to when you're driving with GPS and
like a road is closed, and you go around and it like automatically reroutes? Pop up
a little notification with a new trip update, or whatever whatever language new trip
update, you know. Get off at this stop to catch this different bus at this time. To me, |
think that would be the least stressful.” - Glen, mobility-related disability.

» Will the application adapt to or inform riders about local practices? Participants also
wanted to know if the smart application would take into consideration bus stacking. Bus
stacking is where multiple buses arrive at a stop at the same time. These buses sometimes
expect riders to walk down the line looking for their bus. This strategy is not suitable for
blind/low vision riders who might rely on annunciators. Furthermore, wheelchair users expect
the bus ramp to be lowered a the posted stop. Stops are usually physically located closer to
the street corner and would be far way from the last bus in the queue. Additionally, most bus
drivers do not wait for riders to "walk" the entire line. Another interesting practice that was
mentioned is the presence of ‘unfolded’ strollers at the accessibility seats on buses and metro
lines. Participants wanted to know whether smart applications would be smart enough to filter
out these stops or, at the very least, inform riders if a route they select is notorious for these

practices.

For the next section, we critiqued current systems to elicit hidden questions that disabled riders may

have in addition to the questions highlighted in earlier sections of the study.
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Positive sentiment for parts of the current system

Participants used positive language to explain their interaction with DRIFT. They thought it to be
"useful", "sensible", and "helpful". They noted that when it offered recommendations, they did not
have to think as much. Participants also reflected on positive features of current applications they use.
They felt that newer interfaces should continue to use these features or find new ways of improving
them. Specifically, the real-time estimated arrival times (ETAs) and GO? reporting found in the Transit
application were appreciated. GO is useful in providing extra contextual information to their journeys.
When using the GO features, their application would vibrate their phones just before their stop. This
feature is particularly useful when annunciators are not working or turned off because non-visual cues

are important for alerting blind riders about upcoming stops.

System inconsistencies: Will smart transit interfaces replicate current unequal experiences?

While participants positively reflected on some features, they also mentioned inconsistencies. The
inconsistencies included broken stop buttons at the accessibility seating and turned-off annunciators.
On some routes, annunciators are only set to call out major stops. Some disabled riders then have to
rely on the driver to remember to call out the smaller stops when they need them. Smart systems should
consider ways of accounting for these inconsistencies when making recommendations. Then, disabled
riders would have the opportunity to choose a specific bus or avoid it. The use of maps in transit
applications also offers inconsistent experiences. Most sighted users follow their journey by opening
up the map section of the application and watching their vehicle move across the map. These maps are
currently not accessible by screen readers. Therefore, this experience is not available to blind riders or
any others who rely on screen readers. Participants speculated on the use of audio descriptions of both
the journey and of the map. One participant mentioned their frustrating interactions with phantom
buses. While transit applications accurately reported ETAs based on bus schedules, they were not
based on the actual locations of the buses. As such, some of our participants found themselves at the
bus stop waiting for buses that never came but were reported to have passed. Another participant

recounted mechanisms of identifying these buses.

“Some of our buses at my end of the world. If there is not a driver for that bus, it will
sit out at the end of the line, and you can tell [...] if it’s 27 min away from more than a
couple of minutes, that bus is on the system but it’s not gonna move, because there’s no

driver”” - Helen, vision-related disability.

Participants cautioned that future systems should not replicate these inconsistencies. Furthermore,
they should provide disabled riders with the ability to report failures.

2GO is a real-time tracking feature that users can only enable once they get on the bus
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The inevitable human-in-the-loop: How will the system integrate input from humans?

Participants’ responses indicated that human operators remain a key part of their public transit
experience. This can happen when they use transit applications or when riding public transit. For
example, wheelchair users described sometimes having drivers strap their wheelchairs in place for
safety. However, they then have to wait for drivers to remove the straps when they get to their
destination. Also, visually impaired riders have to rely on drivers to call out stops when annunciators
are not working. Some participants reported that a subset of drivers knew that it was their job to call
out stops when the annunciators did not do so. However, one blind rider encountered a driver who
was surprised when the rider exited the bus without asking for the driver’s help with announcing their
stop.

Alternate modalities for interaction: Will I have the same experience across modalities?

There was also a reference to the use of alternate modalities. Different modalities were most useful
in specific scenarios. Typically, current smartphone applications primarily rely on touchscreen
interactions. However, another potential interaction modality is the use of speech (e.g., via Siri
or Google) to access transit information. One participant speculated that the use of conversational
interfaces would equate to independence. Because that participant cannot use their hands, they have
to rely on others to interact with applications. Another participant welcomed the use of speech as
long as the interface understood her.

Defining a fuller experience, warts and all

(a) Preferred vs. fallback options: Will I still have agency when I use this system? When
describing the behavior of smart transit applications, participants advocated for choice. They had
specific notes about the number of recommendations offered by the application. Instead of showing
only one recommendation of how to complete a journey, participants wanted to learn about multiple
options. This information gave them fallback options that they could revert to if the primary option
was less than ideal or did not work out. Especially in scenarios when a bus is overcrowded or
when the accessibility seating is full, participants wanted to know what their other options would
be. Additionally, while participants liked the idea of smart functionality, they also wanted the ability
to turn it off or on. They reflected on being able to do this with other features in public transit
applications (e.g., turning off bikes, scooters).

(b) Important but useless: Will the system let me tailor my experience? There were several
features of current transit applications that, while important, were not useful to our participants’
context. For instance, the estimated walking distance provided by most applications was not perceived
to be helpful to some of the wheelchair users. One participant questioned why it was so hard to
get wheelchair-specific directions when applications included bike directions. Other features that

were useful but hard to navigate and understand were the detour alerts. These are often buried in the
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application and necessitated a commitment to seek them out. Then, participants had to determine on

their own how to find and parse the information.

“There are already detour postings for route deviation, so that’s that. That’s a good thing.
Sometimes if they dig for them, and we have to read through all this crap. Just say, why!
Like why you can’t stay on Centre Avenue to go all the way from Oakland to you know

East-End” - Diana, vision-related disability.

While the GO real time feature was applauded, it did not handle missed connections well. One
participant recalled running late and the application then informed him that he would miss his
connection. It provided no alternative options.

(c) Redefining the context of a journey: Will the system tell me what to expect at my destination?
Participant responses also reflected their questions and concerns about the entirety of a trip. They
included questions about route and connection accessibility. For example, were there audible crossings
if they needed to cross the street; were there stairs or uneven sidewalks? Participants preferred to have
a fuller contextual understanding of their environment as they traveled. This was further highlighted
in their conversations about connections. They reflected on the need for more information on the
accessibility of connection points and how to navigate them. Participants further speculated on the
opportunities for interactivity at bus stops and noted a need for non-visual forms of stop identification.
(d) Limitations of access design: Is the system ''disability-smart''? The critique of current
accessible design was a common topic. For instance, wheelchair users often have to contend with
the fact that there are only two spots for them on the bus. These two spots are shared with other
disabled riders as well as individuals who use walkers and push strollers. A wheelchair user’s
context of a recommended bus needs to include information about space in addition to estimated time.
Furthermore, the practice of strapping in wheelchairs also came under scrutiny as not all drivers know
how to do this safely. Additionally, participants called for a focus on thoughtful accessibility design.
One participant critiqued the proposal to use autonomous vehicles in public transportation. They
pointed out that these vehicles may not have an "understanding” of the expectations of disabled riders.
For example, autonomous vehicles might not be designed to know when to lower, know what part of

the sidewalk to stop at, or know when to wait for a blind rider to sit.

Envisioning potential consequences: Will the system perpetuate bias?

One participant was excited about the potential of smart transit systems that offer recommendations to
riders. However, they were curious about the potential impact that these systems may have on riders.
The core of their questions revolved around what data the systems used to make recommendations.
They questioned whether these systems would reinforce any conscious or unconscious biases that
exist among riders and whether these types of systems would silo people even further. Examples of
this include training smart transit application models based on choosing bus routes that pass through

specific neighborhoods.
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Examining assumptions and usefulness: Is the application reliable?

There was a minimum expectation that transit interfaces should work reliably. One participant noted
their reliance on these applications when the weather is miserable and they needed accuracy to avoid
prolonged waits in uncomfortable conditions. Others noted that these types of recommendation
systems would be particularly relevant to people who were new to an area or participants who were
recently disabled. Another participant noted how the local transit authority sometimes changed bus
routes and names. They stated that if transit applications were updated regularly, recommendations

during these types of scenarios would be beneficial.

8.2.4 The Jacaranda Framework

Justification
Can you explain why the system is showing this
suggestion? Why did it pick this one over the other?

Accuracy
Is this system correct all the time or only some of the
time? Can I trust the suggestions it gives me?

Reliability
Will the bus come when the system says it is coming?
How will the system handle uncertainty?

Influence of Inputs
What are the features this system is trained on? Will the
system perpetuate bias?

Intentionality
Was this application/system designed with accessibility
in mind? How will this application navigate agency?

Fig. 8.4 The Jacaranda Framework — a framework of concerns that are relevant to disabled riders use
of smart transit interfaces

Our findings build on past research on explainable AI [122]. The findings identify that while
the questions in that work are important, most disabled riders did not think about them while they
interacted with DRIFT. Additionally, the results show that from the original question-based framework,
five types of questions persisted among the relevance and importance questions: F, E, B, C, A. These
questions were from the question-based framework’s Performance, What if, Why Not, and How

categories. In addition to these questions, our participants’ responses generated eleven more questions:
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* How does the application handle external uncertainty?

» Will the system tell me what to expect at my destination?

Will the application reliably handle complex trips in real time?

Will the application adapt to or inform riders about local practises?

Will the system let me tailor my experience?

Will the smart transit interfaces replicate current unequal experiences?
* Will I have the same experience across modalities?

» Will I still have agency when I use this system?

* Is the system ‘disability’ smart?

* Will the system perpetuate bias?

* How will the system integrate input from humans?

It is at the intersection of these sets of questions that we present Jacaranda® — a framework of concerns
that are relevant to disabled riders use of smart transit interfaces. We posit that the application of these
concerns extends to any interaction with a smart system. The framework consists of 5 categories of
questions: Justification, Accuracy, Reliability, Inputs, and Intentionality (Figure 8.4)). In this section,

we discuss the implications of each category described as design patterns.

Justification

Two types of pre-existing questions fit into the Justification Category: F ("How did the Application
come up with the recommendation? What is the logic?") and C ("Why did the Application recommend
the 61D but not the 61A?"). Question F embodied the notion: "Why did you show this?" This is a
valid question for every new user who interacts with a smart system. It is also a valid concern if the
system presents a new suggestion (e.g., a bus route) or even an alternate one. Question C also held the
idea of challenging the system. It essentially asked, "Why this one and not that one?" In the transit
context, a question like this would be expected along trips that can be completed using multiple buses
and routes. Essentially, these questions arise when the system has violated the user’s expectations,
raising doubts about a prediction. This can particularly frustrate new transit users in high-pressure
scenarios (e.g., a newly disabled rider navigating a new city).

3Jacaranda is a tropical tree from South America with violet-like blooms. It is also loosely links to Justification
AcCurAcy ReliAbility iNputs anD intentionAlity
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* Design Pattern [Content + Interface]. In both of these cases, there is an opportunity for the
system to respond to these questions using the interface and or the content. Users are interested
in learning why the application made the suggestion. For example, the application could state
if the suggestion was made based on "past usage" or a "system suggestion" or "neighborhood
popularity.” Additionally, designing these cues such that they are accessible to screen readers
early is important. Doing this will give screen reader users the contextual cue that these are

suggestions.

Accuracy

Another pre-existing question that was important to participants concerned accuracy. Accuracy is
a nuanced feature within the context of smart transit applications. It goes beyond the traditional
definition of the system to get the suggestion correct. Within the context of public transportation,
accuracy is influenced by estimated times of arrival information and the actual sighting of the bus.
Users will judge the system’s accuracy on whether the application got the bus’ arrival time correct.
In addition to that, they will want to have physical proof of the bus in front of them. The latter is an
unintended consequence of the ghost bus phenomenon.

* Design Pattern [Content + Interface]. There is an opportunity here to manage the expectations
of users. State (in both interface design and textual content) when the application is using
scheduled or actual bus location data. We focus on managing users’ expectations because

ensuring that buses arrive on time is out of the scope of system designers.

Reliability

The overarching theme in this category is "can the user rely on the results of the system?" Included
in this category were the "What if" questions E ("Will the system still work correctly if I am taking
a trip that is not my normal route?"), B ("Will the system still work correctly if I am taking a trip
outside of my normal time?") from [122]; and four participant-generated questions "How does the
application handle external uncertainty?", "Will the system tell me what to expect at my destination?",
"Will the application reliably handle complex trips in real time?", and "Will the application adapt
to or inform riders about local practices?". Users would like to know if the system would react the
same way if they did something outside of their routine. Two new sub-categories of questions also
contributed to the Reliability category: external uncertainty and journey-specific contexts. Under
external uncertainty, issues such as detours, construction, and even traffic were common. How would
smart transit interfaces react to these occurrences? As mentioned before, users wanted the assurance
that the application would handle these well. Lastly, journey-specific contexts included questions
about what one would find at their destination and local operator practices. These specific questions
push to expand the context of smart applications beyond the route suggestions. These questions

suggest that innovative transit applications should become aware of particular environments. From
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the accessibility of surroundings to operator practices, disabled riders want a clear picture of where

they are heading.

* Design Pattern [System + Interface]. There is an opportunity to leverage local contextual
information into the suggestion model. If specific connection points are known for bus stacking,
then the model should be able to remove those points from its suggestions or indicate the
likelihood of a problem. However, it should also alert the user that it has done so. They should
then have the option of looking at the discarded features or ignoring the alert. Secondly, there is

also an opportunity to tag the suggested routes with these contextual cues.

Influence of inputs

Questions about the influence of system inputs on users fall into this category (i.e., ). Inputs include
the data that is being used to build the system. This is a concern that is not specific to public transit
interfaces only. There has been a general critique about the potential for new intelligent systems to
contain biases. New innovative transit systems have the opportunity to be transparent about how
their models are built. The second concern in this category was about designing these systems to
include human intervention. The findings suggest that our participants’ experiences often included

other human beings. This was especially the case during fail states (i.e., a system breakdown).

* Design Pattern [Scenario casting]. There is an opportunity for system engineers and user
experience designers to investigate possible worst-case scenarios. While these exercises will
not influence the model’s performance, they can be indicators of its influence when used. In
these worst-case scenarios, utopian and dystopian viewpoints can be leveraged for thoroughness.
Secondly, there should be opportunities to engage with human feedback. There were early
research efforts to do this using photo and textual reports [182], however such features are not

always readily accessible in production-ready transit applications

Intentionality

This category is almost purely focused on users’ interactions with the smart (transit) interfaces.
Five participant-generated questions focused on whether the interfaces were disability-smart or
accessibility-aware. There were questions about whether the smart interface would replicate unequal
user experiences or whether the interfaces could be used across multiple modalities. The terms
disability-smart and accessibility-aware refer to whether system designs are aware of the diverse
needs of different user populations (e.g., disabled persons, older populations). If focusing on disabled
populations, identifying which specific sub-population is important because each will have different
demands of systems. Additionally, there were concerns about navigating user agency. The perceived
reliance on smart systems gives off the idea that users will have little choice in their experiences.
Thus, questions about the ability for users to tailor their experience or even disregard suggestions

remain essential.
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* Design Pattern [Interface]. There are three opportunities related to intentionality: designing for
choice, considering a broad audience, and providing consistent experiences. These opportunities
focus on allowing the user to view both suggested and other options. This gives them the agency
to select their preferred route. This opportunity also complements the Unremarkable Al design
perspective [202]. The perspective calls for smart systems to offer recommendations in an
unobtrusive manner. Additionally, smart systems should also expand on the nuanced nature
of the fullness feature by including an accessible seating option. Users can specify which
features best suit their journey experience in their system settings. Lastly, there is an implicit
understanding within these opportunities that these new systems will be tested with broad

audiences (e.g., disabled users, elderly users, etc.).

8.3 Prototyping for Transparency in Adaptive Transit Interfaces

In this section, we prototyped a ‘transparent’ Adaptive User Interface for transit. We define ‘transpar-
ent’ Adaptive User Interfaces as smart interfaces that explain a recommendation that they are making.
These recommendations are offered to users in an attempt to improve their user experiences. The
sole purpose of this work was to answer RQ5 — How do ‘transparent’ Adaptive User Interfaces in
mobile transit interfaces influence the transit experiences of disabled riders? To this end, we improved
DRIFT by applying design patterns from the Jacaranda Framework.

8.3.1 DRIFT+: Interface design

To avoid confusion, we named this version of the interface DRIFT+. In DRIFT+, participants
interacted with five manual interfaces. Manual interfaces required users to scroll to find the desired
bus. Each manual interface was slightly different (i.e., bus ETAs and route numbers, Figure 8.5). This
difference reflects transit applications that show slightly different routes and ETAs when opened.

We implemented three of the five design patterns outlined in the Jacaranda Framework (section
8.2.4) to guide DRIFT+’s Adaptive User Interface design.

» Justification focuses on explanations rooted in the validity of the suggestions shown to users.
These questions can include but are not limited to "Why did the application show me this
recommendation and not the other" and "How did the application come up with this recom-
mendation." To proactively respond to these questions, we labeled two of the three suggestions
as "Suggestion based on past choices." The last bus recommendation was labeled "System
suggestion." We placed this explanation first to give screen reader users quick access to this

connection information.

* Intentionality prioritizes carefully considering specific users when understanding questions
about Adaptive User Interfaces. In this study, we focused on implementing two sub-themes

of promoting user agency and being ’disability-smart.” For the former, the interfaces showed
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Task 2: Bus Selection Task 5: Bus Selection
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Fig. 8.5 DRIFT+’s manual scroll interfaces. The interfaces also show the slight variability in the bus
list shown. This difference reflects transit applications that show slightly different routes and ETAs
when opened.

another 61 bus (i.e., 61A) and other downtown buses right after the suggested 61 buses (i.e.,
61D, 61C). This design choice allowed the user to decide between the suggested and non-
suggested bus routes. We expanded on bus fullness for the latter theme by adding an accessible
seating estimation. To understand the influence of this feature, we varied the availability of
seats on each of the recommended buses (Figure 8.6). We also decided to keep choices without
accessible seats based on anecdotal data about categories of disabled riders who said they

almost always get a seat.

* Accuracy extends the traditional focus of getting the suggestion correct and merges it with the
physical representation of a bus showing up where the system says it should be. There are
multiple ways to implement this feature — including lateness estimations, real-time estimations,
percentage of times the bus is on time. We condensed these by focusing on representing

accuracy by noting that the bus was running on time.

Participants interacted with five adaptive interfaces. The adaptive interfaces showed suggested
buses at the top of the screen. We implemented the three design patterns mentioned earlier in addition

to the AUI design guidelines from Zimmerman and colleagues [209]. Each of the five interfaces
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showed three suggested buses at the top of the screen and displayed additional information on why
each bus was shown to the user. The information indicated whether it was a "system suggestion" or
whether it was a suggestion based on the rider’s past preferences. Additionally, suggestions were
based on the availability of accessible seating and the vehicle’s reputation for on-time arrivals. For
each interface, we manipulated the number of suggested buses with available accessible seats. One
interface had accessible seating on all three suggestions, two interfaces had two suggestions with
accessibility seats, one interface had one suggestion, and the last interfaces had no accessible seats on

any of the suggested buses (Figure 8.6).

Task 10: Bus Selection

Task 8: Bus Selection

61D | Downtown - Murray | 5 mins
= Suggested based on past choices. g Accessible seats

available. ® On time.

61D | Downtown - Murray | 10 mins
¢ Suggested based on past choices. 3 Accessible seats

available. ® On time.

61D | Downtown - Murray | 5 mins
¢ Suggested based on past choices. 3, Accessible seats full.

® On time.

61D | Downtown - Murray | 10 mins
¥ Suggested based on past choices. 3, Accessible seats full.

® On time.

61C | Downtown - McKeesport | 8 mins

@ System suggestion. 3, Accessible seats available. ® On

time.

[ 61A | Downtown - N. Braddock | 9 mins ]

[ 61A | Downtown - N. Braddock | 9 mins ]

[ 71C | Downtown - Point Breeze | 7 mins. ]

[ 71C | Downtown - Point Breeze | 7 mins ]

] [ 71A | Downtown - Negley | 8 mins J

[ 71A | Downtown - Nealev | 8 mins

Fig. 8.6 DRIFT+’s ‘transparent’ Adaptive User Interfaces. They show the implementation of three
design patterns from the Jacaranda Framework: Justification, Intentionality, and Accuracy.

8.3.2 Participants

We recruited 57 participants, 7 of whom were excluded because they were outside the eligibility
criteria (Figure 8.7). Of the 50 participants who completed the experiment, 24 were male, 20 were
female, and 6 were non-binary. Participants indicated that they were between the ages of 22 and 75
years (Mean=40.16, SD=13.27, Figure 8.8). We recruited participants using an online recruitment
platform called Prolific. All of our participants self-identified as having vision and/or mobility-related

disabilities (22 and 28, respectively).
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Participants by State (n=50)

Participants by state, N=50

123456789

Fig. 8.7 A map of the United States showing participant distribution by state

Within Prolific, we created two separate studies focused on recruiting from each disability category.
We used a rolling approach to publish each study, adding a small number of participants slots at a
time. To limit duplicate submissions, we excluded participant IDs from completing more than one
of the studies. We used our demographic data as an additional check against duplicate submissions.
Participants were required to be fluent in English, 18 years of age or older, and interact with a mobile
interface during one portion of the study. The study lasted for 1 hour and participants received $20

upon completion.

8.3.3 Procedure

Prior to the experiment, our participants completed informed consent and provided demographic
information in a pre-survey. We used this data as a validity check against demographic data in the
online recruitment system.

We replicated the task used in our initial study with DRIFT+ (see chapter 7). We conducted a
2x2 mixed factorial experiment with a between-subjects factor (Order) and a within-subjects factor
(Interface type). Order had 2 levels, Latte and Lure. Interface type had 2 levels, non-adaptive and
adaptive.
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Fig. 8.8 Participants’ age groups

As with before, Order refers to the sequence in which participants saw the interfaces. In the
Latte level, participants saw tasks in the AUIs first, while the Lure participants saw tasks in the
non-adaptive interfaces first. The former order simulates systems where prediction uses other factors
(e.g., neighborhood, time of day) or attempts to bootstrap from other users’ models. However, the
system may revert back to a training mode after several failed attempts to provide a desired vehicle.
The latter order simulates a traditional, Al-enabled transit interface where the system learns from
initial use and later predicts the user’s preferred bus.

The two levels of the Interface-type factor were non-adaptive and adaptive. The non-adaptive
interface type showed participants a full list of buses for the relevant bus stop, and the adaptive
interface type used adaptive UX design patterns to present users with the desired buses at the top of
the screen (see section 8.3.1). Our new interface design also included the contextual cues with the
suggestions (Figure 8.6).

Each participant completed a total of 10 short tasks. For each task, participants read the associated
scenario first, which included choosing J’s bus to take from a list of potential options. They then
used the bus screen to find the appropriate 61 bus. Half of the participants interacted with DRIFT+
in Latte mode. The other half interacted with DRIFT+ in Lure mode. After using the interface,
participants filled out a post-survey. In our post survey, we asked participants: what factors went
into choosing a bus for J; which ‘explanations’ were important to them; how many ‘explanations*
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they remembered; their perceptions of learning/smart interfaces in transit; and questions from the
Technology Acceptance Model [44] and the System Usability Scale [173].

8.3.4 Findings

We logged participant completion times for each task. We used this data to determine whether
DRIFT+’s transparency had an impact on the time taken to find information about the buses.

We conducted a repeated-measures ANOVA on the log data and found that, unlike in Study 4, the
within-subjects factor (i.e., Non-Adaptive versus Adaptive) did not have an effect on the time taken to
find the bus (F(1,48) = 0.869, p = 0.356). On average, participants spent almost the same duration
completing tasks using the Non-Adaptive and Adaptive interfaces, respectively. However, we found
that Order (i.e., Latte versus Lure) had a significant main effect on task completion time (F(1,48) =
0.089, p = 0.04). Participants in the Lure condition completed the exercise 6s faster than those in
the Latte condition. While Non-Adaptive was unaffected by ordering, completion time for Adaptive
was slower when not preceded by a Non-Adaptive experience. We also saw a significant interaction
between Task completion time and Order (F(1,48) = 15.23, p = 0.0003). The completion times are
displayed in (Table 8.2).

Non-Adaptive (NA) Adaptive (A)
Lure (Order: NA, A) 10.85 (6.40) 6.46 (4.29)
Latte (Order: A, NA) 10.46 (5.75) 13.17 (7.67)

Table 8.2 The mean time (in seconds) taken across each condition in the study. The standard deviation
is in parentheses.

Analysis of our participants post-survey data revealed six themes that support and complement

our quantitative findings.

The trade-off between time and speed

Most participants reported taking more features into consideration when they were using the adaptive
interface. Nineteen participants indicated that suggestions based on the availability of accessible seats
was the most important feature (i.e., 17 mobility-related disability and 2 vision-related disability).
Seventeen participants indicated a preference for the on-time feature (i.e., 12 vision-related disability
and 5 mobility-related disability), and thirteen participants preferred the system suggestion feature

(i.e., 8 vision-related disability and 5 mobility-related disability).

“Based [my decision] on the suggestion and time. Knowing that it offered handicap

[seats] in case I may need it that day was a huge bonus.” - Kizzy, vision-related disability
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“I chose the routes based on if accessible seating was full or not, and when accessible
seating was taken on each route, I picked based on which bus would likely be less

crowded.” - Kia, mobility/motor-related disability

“I chose the 61 bus with the shortest time, the fact that it said I had previously used it,
and that it had available accessible seating.” - Kay, mobility/motor-related disability

Unexpected confusion & dissatisfaction

Participants who experienced the Latte version (the adaptive interface before the manual interfaces)
expressed dissatisfaction with their experience. Because the manual interface did not include features
tailored to their experience, participants filled in the missing contextual information by focusing on
the arrival time estimates offered in the app. They noted this lack of contextual information in their

responses.

“Since I couldn’t find wheelchair-accessible seating, I just looked for a 61 downtown bus

that would arrive in 5 minutes.” - Khloe, mobility/motor-related disability
“Wild guess.” - Kimberly, mobility/motor-related disability

“I tried to choose the top one at all times but realized they did not all have services I need,
availability, etc. My mom usually helps with that stuff. I went with previous choices most

of the time when applicable.” - Kendrick, vision-related disability

The perceived usefulness of adaptive interfaces in transit

A majority of our participants indicated that they would prefer a public transit application that learned
their transit preferences and was transparent about it’s choices. Participants used positive terms such
as "helpful" and "easier" to describe their interaction with the application. On the whole, they felt that

‘transparent’ adaptive interfaces had the potential to complement their public transit experiences.

“I would like an app that learns my schedule and makes recommendations for my route. 1
have frequent doctor visits and live in a rural area, my wife takes me the 8 miles to the
first bus stop on her way to work, my schedule has to match hers. I need an accessible
seat, that also comes in on time, and I would like the app to plan the route.” - Kale,

mobility/motor-related disability

“As an individual with walking limitations, I would prefer a transit app that learns my
bus preference over time and presents it to me. This would save me time and energy
in having to search through a list of buses at the bus stop, and it would make the
process of using public transportation more convenient and efficient for me. Additionally,
having a personalized and tailored experience would provide me with a greater sense of

independence and control.” - Kizzy, vision-related disability
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“It would make things much easier for me. I struggle with memory issues from a past
stroke. I become nervous and agitated when [ forget important things pertaining to my
use of public transit. An app on my phone that saves my past trips would be a very

welcome addition to my daily commute!” - Kenji, mobility/motor-related disability

“Having a app like this is something many people have been asking for a long time” -

Keaton, mobility/motor-related disability

These findings were further supported by the analysis that we ran on the Technology Acceptance
Model instrument. A linear regression analysis of the influence of perceived ease of use on user’s
perceived usefulness of DRIFT+ showed that perceived ease of use had a significant positive effect on
perceived usefulness (F(1, 48) = 19.51, p < .0001, Figure 8.9). In other words, the more easy-to-use

the interface was perceived to be, the more useful participants found it to be.
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Fig. 8.9 The relationship between perceived usefulness and perceived ease of use

Data privacy and ownership

Four participants expressed a hesitancy to embrace applications that would learn their preferences.
These participants cited concerns that are similar to critiques of learning systems outside the scope of
public transit applications. They specifically highlighted issues around data ownership and security.
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One participant recounted a recent hacking experience and was therefore hesitant to have their public
transit information harvested online by other bad actors. Another participant recalled the monetization
practice of embedding ads and selling personal data to third parties. They were okay using these types

of applications as long as their data would not be used in any of those aforementioned practices.

Transactional experience

While some participants reflected on negative experiences they have been exposed to due to data-
harvesting opportunities, others chose to embrace it. Their claim was that data harvesting is going to

happen anyway, they might as well benefit from it.

“Although I don’t love giving more info out, at this point it’s pretty much everywhere and

I may as well make my life easier.”” - Kourtney, vision-related disability

Another participant thought that the application of a learning system made sense in the context of
public transportation. They expressed a frustration with learning systems in other domains that were

not readily evident to users or easily manipulable by users.

Doubtful about unexpected events

Participants reiterated one of the questions that our past study participants had: "What happens when
I take an unexpected trip?" Participants felt that while they saw the usefulness of the application with
regard to routine events, they were not confident that the application would perform well if they did
not have or deviated from a routine. The definition of unexpected events spans multiple contexts.
Participants’ examples included going to a new location, having to pick different buses for each day

of the week, transit delays, and riders running late.

“I like all the busses displayed because I like to have a choice. Busses runs late a lot,
and I run late too, so it is important to know all my bus availability. Sometimes I take
a different timed bus because it runs faster then my normal bus. Listing all the busses
also lets me choose alternate transportation if [ am in a hurry, and the next bus takes too

long.” - Khalid, mobility/motor-related disability

Relatedly, participants also reinforced an earlier finding about choice (section 8.2.3) and shared
their ideas on preferred interface behavior. Participants expressed that interfaces should have obvious
or easily accessible buttons to turn behaviors on and off. They wanted the ability to choose their own

routes when they felt like it.

8.3.5 Discussion

Our findings demonstrate that users took a similar amount of time on average while using the manual

and adaptive interfaces on DRIFT+. However, users took more factors (i.e., the explanations) into
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consideration when they encountered the ‘transparent’ smart interface. The findings also highlighted

our participants’ preferences and perceived usefulness of the ‘transparent’ smart interfaces.

The tensions around measuring the impact of ‘transparent’ Adaptive User Interfaces

The traditional measurements of the impact of user interfaces in human-computer interaction include
analyses that reveal statistical significance. In this study, however, our findings showed similar comple-
tion times per interface. Even though most participants’ responses revealed a general enthusiasm for
‘transparent’ Adaptive User Interfaces, this was indicated in the qualitative responses and the analysis
of the responses in the Technology Acceptance Model. Thus, we question whether a particular mea-
surement of speed (i.e., logs of time taken to complete the task) is sufficient to understand the impact
of ‘transparent’ Adaptive User Interfaces. In traditional interfaces experiments, time taken to complete
tasks between interfaces designs can be an indicator of the influence of interfaces changes. However,
this does not generalize across different users populations — specifically disabled users. This argument
is not an endorsement of poor design but rather an encouragement for using complementary data that
measures the quality of the experiences. In this study, participants’ engagement with the explanations
and preferences for certain approaches, emphasized a potential benefit to future ‘transparent’ Adaptive

User Interfaces.

The boundaries of ‘transparent’ Adaptive User Interfaces: Persistent or unresolved questions

This work also portrays the current boundary of smart interfaces in the public transit domain. This
boundary is defined by two things: bad experiences with technology that users will bring to the
application (e.g., victims of any form of data hacking) and edge cases that are a part of their experience
(e.g., questions from Jaracanda’s Reliability category). For the former, transparent Adaptive User
Interfaces will have to proactively find opportunities to share information on the data they use to
make suggestions, recommendations, and predictions. These opportunities can be pop alerts and
card user interfaces interactions on application load. Furthermore, having a persistent location in the
applications settings for data source provenance might go a long way in rebuilding trust with these
users. For the latter, users whose transit experiences exist in edge cases (e.g., all their transit journeys
are sporadic and have no learnable pattern) provide a unique challenge to how these interfaces are
trained. In the context of public transit, the current recommendation model for such a user might
start with neighborhood-based suggestions similar to the DRIFT+’s Latte version (i.e., routes that
are a favorite among riders). However, quantitative and qualitative data showed that users had a poor
experience interacting with Drift+’s Latte. Thus, this remains an open question: how can transparent
Adaptive User Interfaces improve the experiences of disabled riders who have a lot of variability in

their routines?
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Chapter 9

Contributions, Implications, and Future
Work

9.1 Contributions

Using the capability approach as a guide, we explored and investigated the lived transit experiences
of disabled users of public transit in two geographical contexts. Our findings across both contexts
highlighted a specific distrust that riders had within the ecosystem. In the East African context,
disabled riders expressed a distrust of the human stakeholders, which led to the creation of new
stakeholders. The inverse was confirmed in the North American context, where disabled riders
expressed a distrust of the technology stakeholder and a preference for human stakeholders. We
selected the latter context as the focus of this our final work. Using a question-based strategy,
we created the Jacaranda Framework — a framework of concerns relevant to disabled riders’ use
of smart transit interfaces. We designed DRIFT+, an interactive design probe to simulate smart
transit capabilities infused with explainable recommendations based on the Jacaranda Framework.
We learned that while participants took a similar amount of time navigating both the manual and
‘transparent’ adaptive user interfaces, the latter interface provided users with a more holistic quality of
experience.

On these grounds, this thesis makes the following claim: Designing for equity is a process that
involves continuously assessing a community’s context before considering any interventions. We assert
that equity is not a destination that can be achieved; instead, it is a process that should be embraced.
In this work, we embrace this ethos by continuously investigating the lived transit experiences of
our participants — within their local contexts and experiences related to their identities. These lived
experiences gave us unique insights that characterized relationships and nuances within each public
transit ecosystem.

In summary, this thesis makes the following contributions:
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* We demonstrate a need to understand the entire ecosystem when considering new technologies.
We present a public transit technology ecosystems artifact that includes values embedded within
the public transit-disability ecosystem.

* We establish a multidimensional connection between Trust and Ecosystems. Our work presents
a justification for designing for equity in public transit technologies on two axes of stakeholders

and public transit technology.

* We present the Jacaranda Framework — a framework of concerns relevant to disabled riders’
use of smart transit interfaces. We demonstrate how user interface and user experience designers

and researchers can proactively respond to these concerns in future smart transit interfaces.

* We demonstrate how HCI methodologies can be adapted for research in multiple contexts. Our
work contributes to the efforts of Global South researchers that advocate for contextual research

methods.

9.2 Implications

The Jacaranda Framework offers a unique opportunity to engage with other stakeholders who influence

the experiences of disabled riders.

9.2.1 Implications for user experience researchers and designers

In this work, we posit that ‘Design for equity as a process’ and ‘the Jacaranda Framework’ are
an ethos and tool that could benefit user experience researchers and designers. User experience
researchers and designers who work with traditionally underrepresented populations often have to
deal with the inequitable legacies of many technological methods and interventions. The ‘Design for
equity as a process’ ethos provides a design space that accepts variability and change. A space that
engages with and provides the tools for constant reflection and evaluation. Relatedly, the Jacaranda
Framework presents a tool to help user experience researchers and designers engage with transparent
smart systems. As machine learning capabilities are further embedded into different socio-technical
systems, there will be a need to answer users’ questions proactively. The Jacaranda Framework offers

a perspective for user experience researchers and designers to engage with these questions.

9.2.2 Implications for policy makers

The findings from both geographical contexts offer a perspective from disabled citizens’ lived ex-
periences. Policymakers working at the intersection of public transit and equity can use them as
an initial primer in the discourse around improving equitable experiences. Our later work in this
dissertation focused heavily on the transit experiences of public transit riders who identified as having

a vision-related and/or motor/mobility-related disability. We encourage policymakers to expand this
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population by including riders’ voices from other disability categories. Furthermore, both geographi-
cal contexts have interesting population trends (i.e., an aging population with new needs and a young
population with new ambitions). Examining the influence of our findings across these changing

population dynamics might provide a new direction to impact equity.

9.3 Future Work: Returning to the East Africa context

Our findings from the East African context revealed a distrust between the human stakeholders within
the ecosystem. We considered the potential influence of the Jacaranda Framework in this context. We
saw three potential audiences of the Jacaranda Framework in our East Africa work: 1) with a focus
on disabled public transit riders, 2) with a focus on non-disabled public transit riders, or 3) with a
focus on non-traditional stakeholders. We picked the third due to the power influence described in our

findings. We envision leveraging the Jacaranda framework for this context in the following way:

* Justification: Highlights questions focused on stakeholders’ familiarity with an issue: "Do
stakeholders understand why an issue is important?", "Can they articulate its significance back

to you?"

* Accuracy: Attempts to examine the intent behind a stakeholder’s decision: "Are stakeholders
basing their decisions on the truth or cultural norms?", "Are stakeholders able to identify the

difference?"

* Reliability: Probes the uncomfortable reality behind lived experiences. It asks: "Can stakehold-
ers trust the information that is given to them?", "How will they handle unexpected accounts?"

* Influence of Inputs: Points to the completeness of the information used to make decisions. It
includes questions like: "What variables or factors do stakeholders think about before they

make a decision?"

* Intentionality: Calls attention to representation by asking: "Who has the agency to voice their

concerns?"

Our future work will involve returning to the East African context and embedding these principles
in a transformational game with the non-traditional stakeholders that we identified. A transformational
game is a game that is designed to influence the way players think. Our original findings indicated an
unconscious bias among stakeholders that influenced their interactions with disabled public transit
users. A transformation game based on the Jacaranda framework will be designed to make stakeholders

aware of their biases and present tools to improve their interactions with each other.
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Chapter 10
Conclusion

The right to access public transit is a universal need for citizens’ access to essential services. As
such, interventions should be designed with multiple contexts and stakeholders in mind. Policy
recommendations, interventions, and research on public transit often focuses on drivers as the primary
stakeholder. This same focus is evident in the recent proliferation of machine learning interventions
in public transit technologies. They neglect the influence and impact of these machine learning
interventions on other stakeholders in the public transit ecosystem. This focus runs the risk of
automating inequities within future mobility systems. In this dissertation, we have illustrated the
need to understand the ecosystem before implementing interventions. We conducted various studies
in two geographical contexts: two urban cities in East Africa and one metropolitan city in North
America. Our initial investigations in the East African context were guided by the question: "How
can we understand stakeholders’ experiences in public transit technology ecosystems?" Our findings
indicated a distrust among stakeholders related to inequities (i.e., harassment and discrimination).
This distrust created a new group of non-traditional core stakeholders who highlight the values
of inclusion, mobility, and safety within the public transit ecosystem. We conducted follow-up
investigations into the lived experiences of disabled riders in the second geographical context. Our
findings showed disabled riders’ preference for engaging with human stakeholders and distrust of
public transit technologies. Studies from both regions pointed toward two unique solutions. To move
towards equity, we needed to engage with human stakeholders in our East African work, while our
North American work pointed towards engaging with public transit technologies. In last work, we
took on the latter challenge — engaging with public transit technologies. We looked at improving the
relationship between public transit technologies and disabled riders. Using the Jacaranda Framework,
we designed a ‘transparent’ adaptive user interface that improved a disabled rider’s holistic quality of

experience when interacting with a transit application.
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Appendix A

Human-Centered Methods: A Reflection

This section reflects on the contextual nature of the work presented in this dissertation. It details how

traditional methods were adapted to suit contexts and research populations appropriately.

A.1 Adapting for Online Research & Modes of Online Compensation

The study presented in (Chapter 5) was conducted online with participants in the Global South. There
is often tension concerning conducting online research, specifically with Global South populations
(especially before the COVID 19 pandemic). Some of the reasons behind this are: 1) the affordability
of the Internet in the Global South and 2) research with Global South populations must include onsite
field studies in rural and remote areas. While some of this may hold, they need to be reevaluated for
populations living in urban areas. These populations are in locations with internet connectivity and
are familiar with and comfortable using the Internet. Urban populations are sometimes not considered
potential participants of Global South research because they do not fit a specific narrative — even
though they belong to the local context. These generalizations often limit the kinds of research that is
done.

There were multiple ways of communicating with our participants during online research; we
allowed our participants to choose between communicating using audio only or video. Additionally,
we designed multiple alternatives for our screen share activity in the event that it was interrupted or
unavailable. Our participants could print the map and verbally call out the connections they wanted
to make. After which, the interviewer emailed the final map with connections to the participant and
asked they to verify whether they agreed with all the connections.

Online participation also allows for diverse compensation forms — from using payment platforms
like Venmo, Paypal, and/or gift cards. However, for this specific population, these payment modes
were not appropriate for our participants at the time. We opted to use Mobile Money, a payment
method familiar to all our participants. Many diaspora communities leverage remittance applications
to send mobile money to their home communities. Therefore, we also used remittance applications

to send mobile money as compensation to our participants. We used the monthly data rates from
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local telecommunications websites to determine the amount of compensation. Since we expected our
participants to use online platforms to participate in the research, we wanted to be thoughtful and

intentional about our compensation policy.

A.2 Expanding Study Design to Include Cultural Diversity & Disability

Low-effort adaptations of study methods included modifying content, e.g., swapping “waving a magic
wand” for “if you had all the resources in the world.” The initial phrasing may or may not have
been familiar to our research population, and “magic” may have generated a debate that would have
detracted from the discussion.

High-effort adaptations included critically thinking about how the traditional procedure of a
specific research method may not be appropriate for specific research participants — for example, using
the card sort method with blind and low-vision research participants. In this instance (Chapter 8), we
designed a version of the card sort method that was accessible. We leveraged interactive buttons that
played a specific audio recording when pressed. For this study, our participants included blind/low-
vision participants and wheelchair users. During the study, we learned that not all the wheelchair
users wanted to use the interactive buttons, so we made sure to have the printed options available to

them as well.

A.3 Local & Online Recruitment

Participant recruitment, especially for diverse populations, takes commitment and intentionality.
Researchers can benefit from including other stakeholders in their research — specifically collaborating
with community organizations as experts. Collaborating with community organizations offers a
unique opportunity for academic researchers to engage with the community and share their results
with stakeholders who can leverage them. Sometimes, potential participants can be inundated with
research requests in smaller communities. Therefore, it is on researchers to be aware of the demands
they put on the populations.

Online recruitment services like Prolific can also be used to reach diverse populations. However,
researchers need to investigate whether such services use the same definitions as researchers. For
instance, when participants select vision disability, do they identify as color blind, blind/low-vision, or
near-sighted? Some online recruitment services will allow researchers to reinforce specific criteria to
ensure that researchers are collaborating with their intended participant audience. We added another
layer of demographic questions in our study protocol. This allowed users to choose the disability
category they belonged to. This data then complimented the demographic information from the online

recruitment service.
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Limitations of Exploratory Research

One of the main limitations of qualitative exploratory research is conversations around statistical
significance. While statistical significance is not the goal of the qualitative research in this dissertation,
the lack of this specific analysis should not detract from the value of the experiences shared in the
qualitative interviews. As mentioned in the previous section, in some of the studies, we engaged with
community organizers who self-identified as having a disability. These participants had rich insight as
organizers who also experienced public transit with a disability. Later studies with larger populations

reinforced findings from earlier populations with smaller sample sizes (Section 8.3.4).
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