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Abstract. The increasing usage of ride-sharing and autonomous vehicles has presented a need
for personalized mobility experiences. This research defines these needs through an investigation
from passengers who have used or will use these services. User behaviors and pain-points were
categorized through in-depth interviews and observations. The variety of responses and user pain
points defined a need for a flexible solution that employ a safe, private, and comfortable experience
during a shared ride. Four rounds of user testing were performed to understand user perception of a
partitioned environment. From this, we discovered two importants insights: 1) both social and quiet
individuals valued the option of having a private space during a shared ride, 2) users felt anxiety
from fully segmented spaces due to the unknown of vehicle surroundings. We present a scaled
functional prototype to demonstrate our human-centered design solution. It partially segments
the shared space and provides the perception of security through personal physical space, privacy
through asymmetrical viewing of adjacent passengers, and comfort through increasing the field of
view of the passenger.

1 Introduction

Overcrowded cities and unpreventable traffic are the results of 1) considerable population growth of the
last few decades [1] and 2) an increasing number of registered vehicles on the road [2]. People in the
United States spend an average of 200 commuting hours per year and 6.9 billion driver hours are wasted
due to traffic [2]. According to Texas A&M Transportation Institute (TTI) and Irinx, Inc., this issue
yields a annual total cost of $160 billion from time lost and fuel consumption implied [3]. Avoiding wasted
time on unnecessary activities is a main public concern, and there is a great opportunity to improve this
problem by providing a flexible experience that caters to unique users’ productivity needs.

The development of autonomous vehicle (AV) technology had opened new possibilities for future
mobility solutions. It has created new ways of solving increasing traffic congetstion, with concepts such
as "platooning” [4], and the existing commuting inefficiency [5]. Current automotive companies, ride-
sharing companies, and academia are spending a considerable amount of time and resources in developing
research and market testing on AV’s role to address ground transportation challenges [6]. However, AVs
are facing many challenges regarding safety, reliability, and technological unemployment; the transition
to this technology will need to address these aspects before achieving a high market adoption.

During the last five years, the ride-sharing industry increased its market participation in trans-
portation exponentially [7] and has revolutionized urban mobility, helping address the rising issues in
congestion and commuting time [5]. This trend is projected to continue, especially with advances in AV
leading to an expected switch from car ownership to ride-sharing services [8]. As the autonomous vehicle
and ride-sharing platform converge within the next decade [9], with the growth of Waymo and Uber's
Advanced Technologies Group (ATG), the ride-sharing passenger dynamics and experience within the
vehicle become an increasing concern. For example, simple passenger matching is an exponentially dif-
ficult problem to tackle [10,11], which is dependent on not only matching route compatibility, but also
personal features such as gender, social status, and social interaction types.

Current methods already satisfy the most important features that end-users seek: getting from point
A to B. This explains why high occupancy public transportation is still a viable business (i.e. buses, sub-
way /train, crowded airplanes). Consumers do not mind sharing the physical space with other commuters,
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as long as the mode of transportation brings them to their destination. Additionally, micromobility has
dented short-range transportation solutions, and their growth has overshadowed even Uber and Lyfts
rapid growth back when they were still starting [12]. Moreover, there is still a preference for using personal
vehicles because users also mobilize their personal items and require the comfort/accessibility of storage.
Despite these alternatives, there is a gap in the market for flexible-customize and premium services.

The scope of this project is to address problems and user’s needs under a scenario where the vast
majority of the people will commute through autonomous ride-sharing vehicles, using Human Centered
Design (HCD). By aiming to satisfy ride-sharing users, whose needs are currently not being completely
met, the focus is on generating an easily implementable solution, with a target timeline of foreseeable
future. We hope our approach will actively contribute to developing future mobility solutions directly
by working with ride-hailing organizations in the future, such as Uber/Lyft, who are providing real-time
solutions to address current needs in mobility [13], such as reduced traffic congestion, pollution, fuel
consumption [14].

2 Methods and Approach

To explore new opportunities for the future of autonomous-rideshare vehicles, a human-centered design
approach was utilized. Human-centered design is a creative approach to problem solving where a product
is designed through strong empathy with the end user [15]. With the increasing usage of new vehicle types,
autonomous vehicles, new users, and ride-share users, a human-centered approach will be utilized to find
new opportunities to address newly unveiled user needs. We employ HCD methodology to this issue
by conducting personal in-depth interviews with various users, find correlations within these interviews,
define needs for these correlations, generate concepts to address these needs, develop prototypes, test,
and iterate.

2.1 In-depth Interviews

In-depth user interviews were first conducted to understand what were the main pain points of users
while riding a vehicle and their perceptions on ride-share and autonomous vehicle technologies. Twenty
interviews were conducted, interacting with users from different backgrounds and diverse commuting
preferences to identify the main mobility problems that each of them had experienced. The interview
protocol was based on 19 questions within six different categories: Pre-survey (4), Background (5), Ride-
share (3), Sensing (1), Autonomous Vehicles (3) and Conclusion (3). The outcomes of the interviews
were classified by identifying core users needs through quotes. Each of the quotes represented a specific
user need and was then clustered into labeled groups, allowing analysis of each interpretation collectively.
They were assigned to seven categories: Safety, Privacy, Entertainment, Comfort, Convenience, Hygiene
and User's Control.

Quotes and user’s needs corresponding to these classes were grouped and analyzed through 2 x 2 ma-
trix analysis. The main objective of this technique was to identify gaps in a two-dimensional graph which
labels all users interviewed under specific criteria. Figure 1 shows the correlates passengers’ willingness
to socialize in a ride and their preference between using a personal vehicle and sharing the ride. The
main conclusions were: 1) people that are more likely to prefer a quiet ride prefer using a personal vehicle
rather than a ride-sharing service, 2) people that mainly use ride-sharing services for commuting tend to
be more talkative. Therefore, considering that an increase in ride-sharing commuting is expected with
the development of AVs [8], there is a gap that current ride-sharing services are not addressing; giving
more quiet people more privacy in their ride while pooling with another passenger. This is one of the
main opportunities obtained from the insights of this research and was considered in the development of
the proposed final solution.

The second 2 x 2 matrix analysis in Figure 2 constructed compared user’s trust in AV technology
with the amount of time they spend weekly inside of a car for commuting. The analysis found that people
that spend more time inside of a car tend to be more confident about AVs. One possible explanation
may be that people who stay longer on the road experience more pain points related to their commuting
experience. Taking this into account, the solution will try to fit the needs of short distance commuters
with different demographics and help improve their perception of autonomous vehicle safety.

The final analysis in Figure 3 was conducted to understand what passengers of different ages would
like to do while commuting in an AV. It was found that people older than 25 years old preferred to
rest while commuting, while those below 25 preferred to engage in other activities. Thus, the possible
solution will need to give the users the flexibility to decide between a quiet and restful ride or a social
experience with people looking for the same commuting experience.
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Fig. 1: 2x2 Analysis over peoples likeliness to talk and their ride preference. Trend shows passengers in
ride-share or personal vehicles generally prefer to have their quiet time instead of conversing.
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Fig. 2: 2x2 Analysis over peoples trust in AV and the amount of time that they usually spend weekly in
a car. Trends show that people who spend many hours in side their car, whether they’re stuck in traffic
or have long commuting times, they do not distrust autonomous technology.

2.2 Concept Generation

User interviews and previous research with academic and industry experts provided the foundation for
our concept generation activities. These experts covered the fields of mechanical and product design,
interaction design, and User Experience (UX) design.

With the main user needs and current gaps in ride-sharing solutions identified, 72 concepts were
developed and then clustered and filtered based on feasibility, ease of implementation, and ability to
address the core user needs. The final three concepts obtained were the following:

1. Customized Vehicles: The idea of this concept was to create a flexible mobility service according
to user's preferences. By delivering a vehicle with a different configuration representing a particular
concept, users would be able to enjoy a variety of commuting experiences according to their mood
and preference. Possible configurations designed were a coffee shop vehicle, social bar vehicle, hotel
room vehicle, and office vehicle.

2. Segmented Space-Based Ride-Share Solution: This provides both a private and personal spot through
segmented spaces. Passengers who want to spend their commuting experience are matched with
people who requested the same; this solution aims to solve the unsatisfied need of quiet users for
ride-sharing services. This solution also provides a modular option, allowing the passenger to interact
with other riders who also requested a social experience. Through the construction of automatic
configurable partitions, the same physical car will allow different types of people to experience a
vehicle that is adjusted to their preferences.

3. Personal/Ride-share Automatic Configuration: A completely automated vehicle that will allow pas-
sengers to perform several activities while having a ride. The main idea is to enable people with the
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Fig. 3: 2x2 Analysis over peoples interest on activities in a car according to their age. Figure shows a
trend that older passengers prefer to rest more during their ride.

ability to configure their vehicle at will (collapsible tables, rotating chairs, personalized entertainment
systems) and then return to the default mode when the vehicle is parked.

Our expert feedback provided valuable insights in our concept selection process. Even though changing
the expectation of regular rides was considered a valuable and innovative option, the variable expectation
vehicle solution was discounted because of its difficulty to implement into the current automobile industry.
For the personal/ride-share automatic configuration solution, industry experts warned us that this idea
would be challenging as the targeted user base was too broad for a feasible solution. The solution was
trying to tackle multiple problems at the same time and may result in a solution that is undesirable to
any one user-base. The partition-based ride-share solution was recommended by the experts for further
development. It was interpreted as a practical and short-term implementable solution that could be
useful in the near future of ride-sharing services.

2.3 User Testing

To understand the strengths and flaws of the proposed concept, different user tests were generated using
multiple Minimum Viable Products (MVP). The objective of this method was to replicate on a real-scale
the concept through a low fidelity prototype. With the creation of the MVP, fast product testing was
possible, helping to better understand users reactions and pain points. Through user testing, the config-
uration of the prototype was iterated several times according to the users’ feedback, recommendations,
and concerns, collected through interacting with a diverse group of users. The final product obtained in
this process is the resulting version of the iterated prototypes.

The first round of user test was utilized to determine the reactions of users when they were on-board
a partitioned vehicle, as shown in Fig. 4a. The goal of the test was to determine whether the partition
helped improve the privacy, comfort, and safety of the user. The user test consisted of ten participants, all
of whom experienced the partitioned vehicle on a fifteen-twenty minute ride to their destination within
a five mile radius from their pick up point. Initial perceptions from the users were collected right after
the ride was completed along with an in-depth survey.

2.4 User Testing Preliminary Results

We present the results from the interviews, user testing, and an analysis of the recordings of the user
testing. By grouping these together, we can devise a solution that encompasses the needs of the users.
The interviews and recordings are kept anonymous to protect the test subjects, allowing them to provide
honest and true feedback during their responses.

2.5 Survey Analysis

From the surveys, the partition was rated at an average of 3.7/5 for comfort, 4.2/5 for privacy, and 3.1/5
for safety. From the user feedback, some key insights on the design included:



Fig. 4: Iterations and four different setups for experiential prototyping from the generated concepts. a)
Demonstrates a completely enclosed private space with partitions. b) Demonstrates a premium user
seating configuration with removed front seat and open leg room, more than doubling the physical space
for the user. ¢) Configuration A demonstrates an enclosed space but provides the user with real-time
information and tracking of the vehicle and surroundings. d) Configuration B demonstrates open field of
view for live vehicle and surrounding status but physical space was restricted to the default size.

— Positive

e Quiet environment to get work done

e Personal space without being disturbed by others

e Prevents awkward situations where the user does not want to talk to others sharing the ride
— Negative

e Safety concerns, due to not being able to see the driver or situate oneself on the road

e Feeling of awkwardness caused by not knowing whether there is someone sitting next to you

e Lack of windows created a claustrophobic feeling

The feedback received proved that the initial goals of creating a quiet and personal environment
for the user during a commute was achieved. However, other negative features of the design were also
discovered. To address the negative features of the design, a second round of user testing was conducted.

A /B testing was utilized to determine whether having a user looking at a screen that projects the
front view of the vehicle is able to help improve the claustrophobic feeling and safety concerns addressed
in the previous user test. The experiment was set by conducting five user tests on each of the two setups.
The first setup, Configuration A (Fig. 4c), consisted of a partitioned space on a vehicle with monitor
displays that show the frontal view from the vehicle along with the route information provided through
Google Maps. The second setup, Configuration B (Fig. 4d), consisted of a partitioned space with a partial
view of the front windshield.

Comparing the results from the two tests, it was found that Configuration A created a better feeling of
privacy compared to Configuration B. Configuration A was rated at 4.2/5 for privacy while configuration
B was rated at 3.6/5. Configuration B, however, was rated higher on comfort. Configuration B was rated
at 3.8/5 for comfort, while configuration A was rated at 3.6/5. Analysis of the recorded videos of the user



test and the comments addressed by the users showed that although Configuration A helped situated
the users with the outside environment, the screen increased their sense of motion sickness. Furthermore,
the location of the screen caused the user to constantly stare at the screen over the course of the ride.

Through the feedback from the A/B test, it was determined that the screen-based perception mecha-
nism was not sufficient at addressing the claustrophobic feelings and safety concerns originally expressed
by the users. The final solution, therefore, will utilize a different mechanism to allow the users to have a
wider view of the outside environment.

Another feature that was tested was the prime seating arrangement (Fig. 4b). This was to see if users
were willing to pay extra for the extended space and legroom. Five users were tested on short fifteen to
twenty minute rides and their initial thoughts and ride experience were recorded through video capture
and surveys.

Analysis of the user feedback found that four out of five users enjoyed the extra legroom and were
willing to pay more for the extra legroom, especially on a long ride. One female passenger,however, felt
that the extra legroom could not be effectively utilized by her. Although this looks like a promising
solution, more testing will be required before implementation into the final solution.

2.6 Video Recording Analysis

Nine out of the twenty five user tests were recorded using a GoPro Hero 5 Black stuck onto the lateral
window. Techniques similar to related research papers were used in this section. The recordings were
used as a complement of the post test survey to get a better understanding of the user experience under
the commuting scenario presented [16]. Each video was transcribed into a table containing relevant
user quotes and actions (See Appendix: Video Analysis), identifying the specific time stamp when they
happened. For a better analysis, they were clustered afterwards into two subgroups: Positive Experience
and Negative Experience [17]. Five videos presented positive outcomes and all of them end up giving a
good evaluation of the solution in the post survey. Out of the five, three were B+ tests (which provide
the users extra space and positive outcome was expected) and three B tests (where the field of view was
wide, including half of the front shield window and all the right hand side of the car). From the positive
comments and activities, the most significant were: ”I love the space”, ”I would pay for it if its a long
ride or i’'m tired”, ”passenger closes his eyes and looks relax”. On the other hand, two out of the four
negative experience videos were in A testings. This outcome is related with the conclusions from the
survey, were a screen based solutions was not comfortable for the users. The next two negative videos
are for B and B+ tests, were the main concern was the partition, making the passenger experience an
awkward and uncomfortable ride. From this videos important quotes and actions were: "I feel like i am
in prison”, T don’t like the curtain, I feel trapped (...). It’s like a wall”, "Its kind of claustrophobic”,
”Users doesn’t seems relax, he is looking fast to different directions”.

3 Research Insights

The increasing trends in shared spaces has presented a need for safety, privacy, and comfort. After
performing 20 in-depth interviews, the need was defined and categorized. Following, a thorough list of
concepts was generated, clustered, and finally, a solution was selected after considering research and
industry expert feedback. We implemented this solution to user tests with an MVP to obtain feedback
directly from end-users. From this HCD research we ended up finding different valuable insights that
can contribute to the mobility industry. The first conclusion obtained was that users mostly prefer a
private ride rather than a pool service. The main reason why they use ridesharing services is because of
the lower price compared to a personal vehicle service. Within the group of people that take the pool
alternative, there are two main subgroups: Private and Social, defined as their willingness to talk to the
other passengers during the ride. From the group that prefer to remain quiet during the ride, they were
more likely to use their own personal car instead of a rideshare whenever it was possible. Ridesharing
services were only used when it was strictly necessary. The feedback from this group demonstrated that
all the solutions that addressed privacy through a segmented space was appreciated by the users, rating
their experience as better than the one they have experienced in previous shared rides. On the other
hand, people that were more eager to share with the other passenger completely dislike being apart from
the other riders, defining the ride as awkward and uncomfortable. The scope of the next section is to
explore new approaches in the search of a transportation space able to be adequate to users preferences
by generating social and segmented spaces within a same flexible vehicle.



Four different personas were constructed: Private Patty, Exhausted Edward, Active Andy and Accom-
panied Anne (See Appendix: Journey Maps). Each of them represent a particular individual containing
the main user’s pain points identified along the research detailed above. Journey maps were generated
for the four of them describing each of their daily activities, thoughts and commuting preferences and
behavior. The proposed solution to be described below aims to create flexible ridesharing scenarios able
to address each of the personas needs.

4 Proposed Solution

1. Single Person Private Service 2. Two-Person Private Service
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Fig.5: Field of view (FOV) configurations for partitioned and social arrangements. a) Demonstrates
deployed partitions, restricting the FOV of adjacent passengers. b) Partitions are collapsed but seats
configuration discourages social interaction. ¢) Collapsed partitions and reconfigured seats for socializa-
tion.

Mass occupancy of rideharing services might help provide new ways of interacting with others. This in-
teraction, however will be determined and dependent by the scenario and perception of the interior of the
shared vehicle [18]. From the feedback gathered, we have synthesized the final solution (Fig. 5), which will
be a commuting concept vehicle able to automatically modify its interior configuration. Automatically-
deployable partitioning will be used to create different segmented sub-spaces. These partitions will be
able to govern the field of view for all passengers to enhance comfort and safety, as well as provide a
physical separation to increase privacy. The separations are designed as pillars with a diamond cross
section, which will be actuated to collapse (Fig. 5). The rendered image of the proposed prototype can
be seen in Fig. 6.



As Figure 5 illustrates, this solution allows four kind of configurations within the vehicle. The first
one (Single Person Private Service) is focused on Private Patty, who would like to have a personal space
while commuting, without needing to interact with strangers. Moreover, configuration number two will
be for people like Accompanied Anne, which will prefer a personal space while riding a car with a friend
or couple. In the case of Social Service, the configuration is design for people like Active Andy, who wants
to interact with another passengers that are also willing to talk to him during the ride. The position of
the seats and the collapsed partitions encourage user’s interactions. Finally, the configuration number
four is inspired by Exhausted Edward. With this option, long distance commuting can be used to have
a personal space to rest and relax during the trip.

a)

Fig.6: Rendered image of partition system. a) Isometric view of partition system. b) Front view of
partition system, demonstrating field of view blocking when the viewing direction is perpendicular to
partitions. ¢) Slanted view of partition system, demonstrating field of view of a seating passenger.

4.1 Existing Solutions - Patent Analysis

Reconfigurable partitions have been previously utilized in many locations, such as building spaces [19]and
cubicles [20], to optimize the space for different scenarios. The concept of utilizing this design in vehicles,
however, have been mostly overlooked.

Partitions have been previously utilized in vehicles to help segment the space within. These include
partitions to improve safety in taxis [21] [22], a partition to divide children in the rear seat [23], and a
small partition placed in between the rear seats to increase the sense of personal space for rear-seating
passengers [24]. Our proposed solution provides a new use case that has not been previously explored.
By providing a collapsible partition with selective field-of-view, our proposed solution provides a flexible
design that is able to accommodate different users’ needs. The partitioning can provide single users a
safe and private environment, while also providing an open space for social users.

4.2 Partitions

Figure 6 shows how the partitions will be deployed and how it affects the passengers field of view. The
partitions have been designed to be visibly semi-permeable. When users are seated, they cannot actively
see the passenger on the other side of the boundary (Fig. 6 ¢)). This allows passengers to still have a field
of view on the right side of the vehicle but provides the privacy with respect to the adjacent passenger.
The only way for adjacent passengers to see each other is by leaning forward and looking diagonally
backwards. The strain induced on the passengers body during this position is not sustainable and is
therefore not the preferred position a passenger will be maintaining.

A prototype was developed to showcase the partition concept. The supports, frame and partitions
were laser cut, while the partition hinges were 3D printed with embedded torsion springs. The springs
provide an accordion-like mechanism, which allows for the partitions to be passively deployed. The
partition is designed to be actuated with two belt transmission systems, on the top and bottom of the
partition. Two belt transmission systems are utilized to ensure uniform deformation of the partitions
when they are fully collapsed. A stepper motor is utilized to actuate the belt, which drives the partition
to either a fully deployed or fully collapsed configuration.



Fig. 7: Rendered image of belt system. A stepper motor is attached to a 90° bevel gear, which drives the
belt system to allow for the belt to actuate and compress the partitions.

4.3 Rotating Seats

The four car seats will be able to rotate to each of the four configurations. They will be connected in
the bottom to a servo motor that will be able to change the direction of the chairs. As Fig. 5 illustrates,
chairs will rotate to obtain the four possible configurations.

4.4 Doors

Given that partitions will be segmenting the car, doors will be positioned in the front and in the back of
the car. Four different Gullwing doors will be in front of each seat. By this mean, users will be able to get
into a particular chair of the car in any side of the rode. The selection of the seat will be assigned by the
ridesharing software. Riders will be notifie through a map display of the car in their mobile application.
In addition, the door is going to open automatically when the user approaches the vehicle, making it
easier to the user to access to the car.

4.5 Software

An Arduino UNO with a Bluetooth module is used to control the seating configuration and partition
deployment. A mobile application has been developed to communicate over Bluetooth to the micro-
controller to generate the desired configuration in the prototype.

5 Alternatives and Future Work

To create a segmented subspace within a car that also allows social interaction among riders that prefer
talking with other passengers, different approaches can be developed. The goal of this section is to present
alternative solutions that can be explored in order to create solutions that satisfies users’ mobility needs.
These alternatives serve as future work and can be expanded from the insights we gained from this
research.

5.1 Personal Commuter, individual experience

One alternative that could generate value for the actual users is to create a commuting vehicle focus only
in riders that prefer their own personal space. The daily hour spend to arrive the workplace is often one
of the little time that workers have free and for themselves during the weekdays. Being able to use it
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Fig. 8: Gullwing doors of concept vehicle. Design derived from courtesy of Kir Ari.

under their own willingness and by they own is what this solution is aiming to give them. This concept
is based as well in physical partitions, but in this case, a completely partitioned space. The idea is to
recreate the four windows of the car in the wall on the surrounding of the passenger by using 3D LED
Screens. Displaying a real time image of the exterior, the space that each of the four riders will experience
will be a representation of a single passenger car, having visuals a 360 visual space. If we recall from
the results of the A testing conducted, a screen based solutions yielded in motion sickness problems.
Therefore, the projections should be computationally modify to simulate real depth of the objects in the
outside (taking advantage of the 3D Led Screens capabilities). User testing will be required to proceed
with this type of solution to find the best display option.

5.2 Selective Lighting

Privacy perception can be created by using different lighting techniques. The objective of this solution
is to give the passenger the ability to change its lighting according to its willingness to socialize with the
other riders. Therefore, by smartly positioning different lights inside the car and keeping the interior of
the vehicle dark by utilizing tinted windows, different subspaces can be created.

5.3 Modifiable Seat Angles

Another way of addressing peoples privacy and comfort while commuting is by changing seats angles.
The main idea of this approach is to encourage or discourage socialization according to the passengers
preferences (Fig. 9). This solution would also require having rotating seats facing each other, so user
testing evaluating this configuration will also be needed.

Therefore, the configuration situated on the left (Fig. 9a) encourages social interaction among the
riders, while on the other hand, the configuration on the right (Fig. 9b) discourages people socialization
by facing their seat towards the lateral window.

5.4 Modified Commuting Expectation

A different approach that can be explore is changing commuting expectations. To do so, the main
idea is to recreate a space inside of the vehicle that simulated different experiences related to different
behaviours. Possible ideas that can be addressed would be a coffee bar, working space, bar, grocery store,
or resting room vehicle, that embed the user into a particular scenario during commuting. The main goal
is to let the people invest their commuting time in an activity that is either enjoyable or productive,
letting them choose which kind of transportation scenario they would prefer as a transportation service.
Comparing it to previous recommended approaches, coffee bar and bar vehicles would be designed to
encourage socialization, while working space and resting room vehicles would be addressing the needs of
passengers who wants a private segmented space.
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Fig. 9: Possible configuration proposal for representing different scenarios inside of a vehicle. The config-
uration on the left hand side (a) would be deployed when commuters prefer interacting with the other
riders. In the case of the right hand picture (b), orientating the seats towards the window will discourage
communicating with the other passengers if they are seeking a private ride.

6 Conclusion

Our proposed solution brings together the various needs of passengers in shared mobility spaces to
open new opportunities for flexible experiences. We implemented human-centered design methodology to
address the concerns and develop a partition-based solution intended to impact the future of autonomous
ride-sharing experiences. Companies like Zoox, for example, are changing the layout configuration of
vehicles, claiming that the future structure of autonomous vehicles can be simplified. Since they will be
electric vehicles and autonomous, there is no need for an instrument panel or dashboard. Our final solution
aims to address the conformation that caters to the user’s needs, employing a more human-centered
approach. Whether our research is implemented in five years or 20, our proposal can be implemented in
both current vehicles as well as future redesigned vehicles. Preliminary user feedback from an informal
project design showcase have informed us that there is indeed an impact in applying human-centered
design to address passenger needs during shared mobility solutions.

7 Limitations

There are inherent limitations in our conducted study. First, the demographic of interviewees in the
first round of interviews could be further diversified in age and background. It is possible that different
user needs could have been identified under a more broad set of participants. In addition, given safety
and resources constraints, users that contributed to our research in user testings were only graduates
students of the Master of Engineering at University of California, Berkeley. The outcomes of these tests
may be biased because of the particularities of the test group. Moreover, the physical partitions deployed
inside of the car were made of fabric. This impacted in the transparency of the division, affecting the
segmentation experienced. Also, the total amount of user testing (twenty five) was not large enough
to develop significant statistical comparisons. In the case of the Video Analysis, only nine tests were
properly recorded. Given camera storing capacity and lack of light of the footage, some recordings were
discarded. Finally, considering our time constraints according to our final publication deadlines, the final
solution belongs to an iteration of the user feedback instead of a final product. As a next step, the partial
partition concept might be tested in a real scale inside a vehicle while commuting. By this mean, user
feedback will bring valuable insights about the value of this solution, and the possibility of implementing
it into a real ridesharing service.



12

8 Acknowledgements

We would like to appreciate the project feedback from industry mentors Chester Cho, Sam Park, Chan
Kim, Ankita Joshi, and Jonathan Chinen. Thank you to Chris Myers, Kuan-ju Wu, and Dan Chapman
from the UC Berkeley Citris Invention Lab for their assistance and advice in the prototype development.



13

References

1. World Bank. Population, total, https://data.worldbank.org/indicator/sp.pop.totl, last accessed 2019/01/06.

2. U.S. Department of Transportation: Bureau of Transportation Statistics National. Transportation statis-
tics, https://www.rita.dot.gov /bts/sites/rita.dot.gov.bts/fi - les/publications/national transportation statis-
tics/index.html, last accessed 2018/11/12.

3. David Schrank, Bill Eisele, Tim Lomax, and Jim Bak. 2015 urban mobility scorecard. 2015.

4. Todd Litman. Autonomous vehicle implementation predictions. Victoria Transport Policy Institute Victoria,
Canada, 2017.

5. Christopher Ingraham. The american commute is worse today than it’s ever been, Feb 2017.

6. Juan Rosenzweig and Michael Bartl. A review and analysis of literature on autonomous driving. E-Journal
Making-of Innovation, 2015.

7. Patrick Wagner and Felix Richter. Infographic: Ride-hailing apps surpass regular taxis in nyc, Apr 2018.

8. Robert Hampshire, Chris Simek, Tayo Fabusuyi, Xuan Di, and Xi Chen. Measuring the impact of an
unanticipated disruption of uber/lyft in austin, tx. 2017.

9. Hillary Jeanette Ford. Shared autonomous taxis: Implementing an efficient alternative to automobile depen-
dency. Princeton University, 2012.

10. Masabumi Furuhata, Maged Dessouky, Fernando Ordénez, Marc-Etienne Brunet, Xiaoqing Wang, and Sven
Koenig. Ridesharing: The state-of-the-art and future directions. Transportation Research Part B: Method-
ological, 57:28-46, 2013.

11. Keivan Ghoseiri. Dynamic rideshare optimized matching problem. PhD thesis, 2012.

12. Horace Dediu. Micromobility summit 2018/09/05, copenhagen, http://www.asymco.com/2018/08/02/micromobility-
summit-2018-september-5-copenhagen/, last accessed 2019/01/16.

13. Eleonora Gargiulo, Roberta Giannantonio, Elena Guercio, Claudio Borean, and Giovanni Zenezini. Dynamic
ride sharing service: are users ready to adopt it? Procedia Manufacturing, 3:777-784, 2015.

14. Ziru Li, Yili Hong, and Zhongju Zhang. Do on-demand ride-sharing services affect traffic congestion? evidence
from uber entry. Evidence from Uber Entry (August 30, 2016), 2016.

15. Esther Semsei Greenhouse. Human-centered design. Retrieved from Livable New York: hitp://www. aging.
ny. gov/LivableNY/ResourceManual/DemographicAndSoci alTrends I, 9, 2012.

16. Stephen Yang, Brian Ka-Jun Mok, David Sirkin, Hillary Page Ive, Rohan Maheshwari, Kerstin Fischer,
and Wendy Ju. Experiences developing socially acceptable interactions for a robotic trash barrel. In 2015
24th IEEE International Symposium on Robot and Human Interactive Communication (RO-MAN), pages
277-284. IEEE, 2015.

17. Rebecca Currano, So Yeon Park, Lawrence Domingo, Jesus Garcia-Mancilla, Pedro C Santana-Mancilla,
Victor M Gonzalez, and Wendy Ju. j vamos!: Observations of pedestrian interactions with driverless cars in
mexico. In Proceedings of the 10th International Conference on Automotive User Interfaces and Interactive
Vehicular Applications, pages 210-220. ACM, 2018.

18. Vardhan H. Smith T. Humanising Autonomy. 2017.

19. Sean M Corcorran, Charles Anthony Seiber, Robert P Arko, Frank Friedman, Leon D Segal, Jonathan J
King, Karl J Mead, and Paul B Siebert. Reconfigurable system for subdividing building space and having
minimal footprint, October 26 1999. US Patent 5,970,662.

20. Todd Anglin, Carroll Moore, and Erez Steinberg. Reconfigurable room partitioning system, July 13 2004.
US Patent 6,761,004.

21. Ping-Shuenn Jan and Chung-Yieh Hong. Safety arrangement in a taxi, April 9 1985. US Patent 4,509,788.

22. Athanasios Rampetas. Security partition for passenger cars, May17 2006. EU Patent EP1657121A1.

23. Scott C Cahall and Robert T Kiesow. Rear seat divider for motor vehicle, May 6 2014. US Patent 8,714,655.

24. Diane B Weisbrodt and Richard G Weisbrodt. Automobile passenger seat divider, July 3 1990. US Patent
4,938,401.



14

Appendix

Video Analysis

User Minute___ | Quote or Action Test Type Video Analysis Summary
2 0:48 "l love the space”
2 1:27 "This is a VIP space” o Passenzar looks comfortable, enjoying his ride. He
2 6:40 "Yes i would pay more for the extra spaca” seems relax while he awaits to arrive home.
Total Length 7:09
User Minute  [Quote or Action Tast Type Video Analysis Summary
3 1:13 checks his phone since this moment to the end of the ride
3 6:02 "I would pay for it if its a long ride or im tired"” Pasitive outcome. He liked the space and the ride,
3 5:53 "Fretty comfortable [...) specially becsuse i had a lot of space” B+ however, he would prefer having a better angle view
3 6:30 "However, i would like to have a little bit more of view in the front. [, ore angle of the view in the front shield” inthe side the partition was blocking the view"
Total Length 7:26
User Minute  |Quote or Action Test Type Video Analysis Summary
3 7:53 riders gets in the car and lock smiling and surprised
3 9:10 Rider looks relax staring through the front window o Rider looks relax, but videc got intarrupted at the
3 9:16 Recording iz interrupted beggining.
Total Length 1:23
User Minute |Quote or Action Test Type Video Analysis Summary
7 0:13 rider looks surprise and smiling, 3 little bit confused as well Rider looks confuse and surprise. He smiles all the
7 0:21 stares at the screen for the rest of the video B time. Recording is interrupted after 57 seconds, so the
Total Length 0:57 rest of the video was not storad
User Minute  [Quote or Action Test Type Video Analysis Summary
8 0:05 Rider looks excited about the ride
8 0:1% "What if the other start saying wierd stuff to you in the ride”
5 0:23 “Conwe talkto uorwe cant?” Passenger looks relax and enjoying the ride. Most of
8 2:13 closes his eyes and locks relax . o . .
— — — the time he is either looking outside through the
] uptomin & _|Looking outside through front and lateral window B ) ;
s ~ e [P ———— windows or chatting through his phone. He looks
- comfortable.
] 8:28 He starts using his phone
] 11:45 stops using his phone
Total Length 12:20

Video Analysis of Positive Experiences
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User Minute | Quote or Action Test Type |Video Analysis Summary
1 0:31 Confuse About the interior but smiling
1 103 "I Feel like im in prizon”
1 123 “uhatis this ipad for?” Pazzenger looks uncomfortable in the
1 244 puits hiz handin front of the soreen because lights annoyed him ceqmentated space. The light of the screen
534 looks to the camera and so a hello signal to it A g hi Ip ; .h d i It laakes like b
E:57 puitz hiz handin front of the screen because lights annoved him ENNEYESRIM 2 ngdt = alrl - Haaks lkehe
100 puts his hand in front of the soreen because lights annoved him SHREMENGE was badovera
11:14 puits hiz handin front of his Face and closes hiz eyes
Total Length 13:08
User Minute | Quote or Action Test Type |Video Analysis Summary
4 0:26 "what ami suppose to da”
4 g "Amirecorded?”
4 124 Uses her phane
4 X - - -
S R e LTSI
q 227 "Its too back, there is too much space” B+ sesnanc. Shew c;.‘;Id useit gnderlcertau.ﬂ bt
q E:30 "Its feels w ay better than having a chair in front of me” CIrCurr;pSthCe: If = ?roc.:er‘lje[s"tor Dng‘;.r.llps' utin
4 637 |l dontlike the curtain, i feeltrap ). s ke 2 wal aregularnde snefeelswisrdl rappe
4 .08 "Just feels kind of wierd”
4 T30 "l would pay more if im coming from a groceries store or if itz a long tip”
Tatal Length .48
User Minute | Quote or Action Test Type [Video Analysis Summary
5] 0:13 "fm i suppose totalk to agron?”
5} 027 "There is someone in the drivers seat?”
5} 113 "Thig is kind of wierd dude™ Rider looks confuze and awkw ard. He thinkz iz
E 130 interacts with the camers A claustrophobic. He spent the whole ride staring
5 130-2:55 |Looks atthe screen atthe soreen ta see the rade.
E 2.5E "Itz kind of claustrophobic”
Tatal Length 736
User Minute | Quote or Action Test Type [Video Analysis Summary
3 12:50 User seems confusze about where to laok.
3 13:40 Users doesnt seems relax, he is looking fast to different directions Uszers looks uncomfortable at the beggining, he
3 14:23 Passenger stares at the front window and starts looking relax. Staus thiz way the whole ride B seems confused and awkw ard. After a couple of
3 357 Starts using his phone mirutes he looks relased like in a quiet
3 4:27 stops using the phone and looks st the frant window for the nest of the ride COMMmUting scenario.
Total Length 1133

Video Analysis of Negative Experiences

Personas Journey Maps
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Edwards works in Palo Alto from 9 am to 6pm. He spent on
average 2 hours a day commuting, to arrive his home Oakland. He

lives with his wife and his two kids.He arrives everyday around 6

Exhausted
pm and helps preparing dinner and sending to bed his two children

Edwards

His goals in life are to succeed in his work place as a

Data Scientist so he can get a better job closer to his

home. He would also liked to retire young so he can
enjoy some free time in his life

Heading to Work Work Time

Commuting back Home

Home before Sleeping

1. Wake up and Shower 4. Prepares a Report to present to his

2. Wake up his kids and prepare boss
breakfast 5. His meeting is postpone and he is

3. Drives one hour to get to his job reassign to a new last call work that

a traffic jam

6. Edwards leave his job at peak time,
and spend most of the commuting in

7. He arrives home and help his wife
preparing dinner. Sends his children
to sleep aftter eating.

8. Watchs tv until 10pm and sleeps.

need to finish before leaving

“Im proud of my
work done, Im sure
will contribute
postively to the

g % "I really enjoy a company"

=S good coffee in the .

Qo morning with my Is good to be haixck

© o family” home, bad that im

o too tired and is "I can finally lay
late™ down and have

some free time to
rest"

"I'wish I could have
sleep longer, im
feeling tired"

"Wish i'd got an autonomous
vehicle with an interior similar to
a business class seat on
airplanes. It provides a lot of
flexibility to do a lot of things in a
small space”

"This long trip is
getting yday
more boring. | want
to be able to sleep”

Negative
Feelings

“Im tired of spending time in
reports that then are reschedule. |
should not stay longer doing this
last time work

Fig. 10: Journey Map of Exhausted Edward Personas

Her goal in her s to scale in her job and achieve an
important position. She would love to have her own
apartment and dont need to have roomates to split the rent.
She sees herself as the mother of a big family.

Patty uses ride-sharing services often on his way to work to save
money, but she does not enjoy being around the company of other
A passengers. She would prefer to have her own personal car, but by
Private now is out of her budget. She works in retail store and commute on
Patty average 1 hour a day. She likes her personal space and time

Heading to Work Work Time Commuting back Home Home before Sleeping

7. She finally arrives home and heats

4. Arrives to her job and chat with her

6. She leaves her work at 6.30 pm,

1. Wake up and Shower

2. Prepare breakfast and check best
way to commute to her job

3. Commute by rideshare service

colleagues.
5. Her day is productive at work, and
is noticed by her superiors.

and decide walking to the subway and
get back by train. Ride share prices
are to high at that period of the day

up frozen food.

8. Her husband arrives later and talk
about their day.

9. She watchs her favourite series and

sleeps afterwards.

Feelings

"I need to figure
out how to
commute to my
workplace”

eople, they are
nice and friendl:

"Another day like
everyday..."

Negative
Feelings

"I wish | could affort an UberX, i
hate to be squish between
random people. | don't want to be
in a car with strangers."

|

e_/"l like talking to my husband,

is when i can wrap up the
positive things about my
day"

"“This is the worst part of the day, i
cannot stand being standing up and
squish into a sea of people to go back
home, but it is my only alternative.."

Fig.11: Journey Map of Private Patty Personas




Anne is a young woman living a succesful laboral life. She also met her
current boyfriend one year ago and things are going pretty well among
the two of them. Anne lives with a female roomate that works in the
same company that her, so they use to commute every day together

She sees herself as a Senior Vicepresident of sales in the
communications firm that she is working on right now. She
would also like to have her own small business that allows her
more felxibility in her schedule when she starts getting older.

Accompanied
Anne

Commuting back home and

Activities after work .
Sleeping

Heading to Work Work Time

8. She shares an uber back home with
her boyfriend and goes to sleep.

6. She and her roomate head to a
groceries store nearby to by some
stuff for their home.

7. Anne meets her boyfriend in a
restaurant in the neighborhood.

4. Arrive to her job and start
preparing her meetings with
customers.

5. Her day is productive and spend
nice time with her colleagues during
lunch and coffee breaks.

to shower before showering.

2. Enjoys breakfast with her friend.
3. Order an UberPool that she shares
with ther roomate

1. Wake up and wait for her roomate |

"I love being able to
enjoy this moments in
the middle of the week"

“I really like this
place, i would love to
build up my carreer in

this

"I need to figure
out how to

"I have to speed up
to have everything
ready"

commute to my
workplace"

"I dont like sharing

one bathroom, but

is better than living
alone"

"This place is to busy by this
time, but feels good having
food at home again.”

“I do not like talking to people, it
takes alot of energy. Wish uber had
some extra features. | really dislike

that my friend has to travel in the
copilot and not being able to chat”

"I really dislike sharing a car when
im with him. I need to say hi and we
are in right next to strangers. Its
akwakrd"

Negative
Feelings

Fig. 12: Journey Map of Accompanied Anne Personas

Andy is always on the move, either headed to school,
interviews, parties, or visiting friends. He used to drive his family
car when he is in his hometown, but now ride-sharing and biking

are his main ways of transportation. He loves networking with

His goal in life is to end up college on time, having the option
of getting a good job offer in a big tech company. He would
also loved to have some free time in his work life to travel

around the world and spend quality time with his future family.

Day in Univerisity and Study

Commuting back Home Home before Sleeping

Heading to University

Time

1. Wake up and prepare his stuff for
going to classes

2. Prepare breakfast and realize that
don't have enough time to go to
University by bike

3. Takes a Ridesharing Service to
commute to classes.

have woke up erlier to
having more time in the

morning and enjoy my
breakfast"

4. Attends a lecture that he finds
useless, but can talk and meet his
friends in the recess.

5. He have lunch close to campus

7. Event though his assignments are
not done, he decides to bike back
home so he can relax before
continuing his study.

8. Andy arrives home and chill with
his roomates. They prepare dinner
and watch their favourite series while
eating.

with his group of friends.

9. He struggles to finish his

6. Andy realize that he have and
assigment due midnight and that he
needs to prepare his midterms.

campus”

assigment due midnight, he prepares
a little bit his next midterm.

"I really enjoyed the

[42]
ﬂ>) j= - fresh air and living
= £ "At least i can close enough to bike
8 [0 . spent quality time back home."
a Ii.l'_’ "I would like | should with my friends in

"I should have
prepare my stuff
yesterday night
when i got time"

Negative
Feelings

people while
commuting”

"I wish this
ridesharing service
would make group
of people with the
same interests so |
can really enjoy a
good talk with

Fig. 13:

"The food here is
always good! I love

coming out here with
this guys"

"1 should have prepare
in advanced, i dont
enough time to
preparing everything. |
wish i could be outside
enyoing the weather

"I barely make it, i

need to start
organizing my time
better”

Journey Map of Active Andy Personas



