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Abstract

Ride-sharing can be a key factor in reducing traffic volume
and CO2 emission for public transportation especially within
urban area. However, it is not easy for small ride-sharing
startups, which typically has limited budget and manpower,
to boost the service in the early stages. In this paper, we
present our on-demand service whose main operation is
based on a mobile application for taxi-sharing which utilizes
the users’ trust network. We also explain in detail the three
phased approaches we have applied in an attempt to in-
crease the matching rate among the users. A high matching
rate is crucial for survival of a ride-sharing service, because
once a service fails to match customers in real-time, the re-
tention rate falls sharply. Next, we analyze and interpret the
implication of committing to each approach. Additionally,
we also introduce one last method, which employs an Al
agent to guarantee match making among users at all times
by overcoming the time-spatial constraints.
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Figure 1: The home screen of

Cabbit, showing registered trip info

of users.

Introduction

Recently, people have started using the Web to connect
offline and online entities on the real-time basis, and based
on this movement, a new type of services called on-demand
(meaning services that immediately provide its offline com-

modities when people request them online) has emerged [7].

The on-demand service model has been applied to various
industries such as food delivery, home cleaning, car rental,
as well as ride-sharing .

In this paper, we introduce our case, which is about prac-
tically running an on-demand service as a small startup,

to share the insights we have gained with others who are
interested in improving offline user experiences through
online service, for example, by increasing user matching
rate. We particularly pay attention to connecting people in
terms of ride-sharing, one of the representative ‘matching’
market in the digital age [1], and to the development and
operations of a mobile application named “Cabbit” (which is
a portmanteau of a “cab” and a “rabbit”) in the real world to
allow people to easily find trustful companions in real-time.

Research on on-demand, ride-sharing, and HCI
The on-demand service is considered to be a better model
than a traditional service having only one channel, since the
on-demand can maximize the strength of online and offline
by interactively combining two channels, as Internet (espe-
cially with the mobile capability) as well as e-commerce
have risen [10]. However, the on-demand service also
faces some difficulties as indicated by this study: one is
that the on-demand service requires high level of localiza-
tion, meaning it can mere provide services for people with a
physically limited range. Another paper analyzed a survey

"The World on Demand: 23 Startups That De-
liver Everything From Sexy Man Servants to Marijuana,
https://www.entrepreneur.com/slideshow/272805.
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and claimed that incorrect information about commaodities,
annoyance mainly caused by inordinate promotions, and
etc. are the crucial factors hindering the continuance inten-
tion of users [3].

In regard to ride-sharing, previous literature confirmed that
there is a high potential for matching people to share taxi
by analyzing the rides network based on the New York taxi
open dataset, which contains information about over 12M
records of taxi trips [8]. Another study focused on the ben-
efits of ride-sharing and predicted the reduction in traffic
volume when ride-sharing service would be introduced to a
city, considering time-spatial and social conditions [4]. Santi
et al. computed the optimal trade-off point between pas-
senger discomforts and benefits for sharing taxi rides, also
based on the New York taxi open dataset [6].

Several other studies focused on finding significant factors
for increasing the matching rate, related to user behaviors
on the ride-sharing service. Mitja et al. [9] emphasized the
importance of a meeting point among multiple passengers
and the driver, the passenger flexibility, and a high matching
rate for a successful ride-share. They particularly stressed
the importance of a high matching rate since only users
who have positive matching experience will revisit the ser-
vice and introduce the service to others. While Lee and
Savelsbergh [5] emphasized that the large number of par-
ticipants is of important in ride-sharing, Boyac et al. [2] ar-
gued that the efficient relocation of cars, such as being at
the right place at the right time is crucial for the successful
matching between the passengers and the vehicles.

Relying on the above works [2] [3] [9] [10], we believe that
especially in the early stages of on-demand services, the
imbalance between the number of providers and consumers
and the time-spatial constraints are big obstacles to match-
ing users with providers, and as a result, it makes them
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Figure 4: At the 3rd approach
stage (Sep-Dec).

stop using the service. In that sense, we set up phased hy-
potheses toward the goal of a high matching rate upon pas-
sengers in an actual ride-sharing service and investigate to
what extent our hypotheses fulfill the expectation.

Background: Mobile Taxi-sharing Service
Cabbit is a ride-sharing with using taxi (i.e., taxi-sharing)
service that enables two passengers be matched on a pre-
constructed trust network. Users are connected 1:1 with

no participation from the taxi drivers, meaning that users
should meet first and then find a taxi by themselves. There-
fore, the departure point is the same for the both passen-
gers, but their destinations does not necessarily need to be
the same. Indeed, Cabbit has no provider side (i.e., one-
sided market) so we need to make some consumers act a
role of provider. This service model is different from Uber
and Uber Pool, since many countries, including Korea, Uber
and/or Uber Pool models are illegal 2. Hence, we develop a
more universal taxi-sharing service model that can be fit the
needs of the people in various regions.

Figure 1 shows the home screen of Cabbit: the home screen
consists of the list of registered trip information of users.
Firstly, in order to find companions, users register trip in-
formation including points of origin-destination(OD), de-
parture time, preferred gender (for safety reasons) into the
application (See Figure 5 (a)), and then a list, made up of
similar trip information from other users is recommended:
the recommendation algorithm is based on the combina-
tion of time-spatial information of the trip, user demograph-
ics, and user social/behavioral context such as affiliation,
recommender-recommendee relationship, matching history,
and etc. After two users are matched, a chatting interface
shows up and users can communicate about the detailed

2Uber in conflict with the law 71 places around the world,
https://goo.gl/mofmW4.
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Figure 5: Three steps of using Cabbit: (a) registering trip info; (b)
chatting with the matched companion; (c) splitting fares

meeting spot and time (See Figure 5 (b)). Lastly, users can
split their fares for the shared trip with a one-stop fare distri-
bution and payment system implemented into the applica-
tion (See Figure 5 (c)).

Cabbit has been launched on March 16, 2016. Figure 2,
Figure 3, and Figure 4 show the number of sign-ups and
accumulated actual daily users in the stages of the first
(March - June), the second (July - August), and the third
approach (September - December), respectively. Each ap-
proach will be described in more detail later. If a user certi-
fies their affiliation through affiliation mail account, we count
them as a sign-up. The number of actual daily users is the
number of users who register trip information on the ap-
plication at least once a day. The total number of sign-ups
is 3,793 and accumulated actual daily users is 3,621 as of
December 31, 2016.

Throughout the first approach stage the number of actual
daily users followed an increasing trend and so as the num-
ber of sign-ups. However both numbers sharply decreased
after the summer vacation began in the middle of June in
Korea (Figure 2). In case of the second approach, it didn’t
work well: Figure 3 shows that the number of actual daily
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users increased by a small margin compared to the number
of sign-ups, and the absolute number is lower than all other
stages as well. At the third approach stage the number of
actual daily users steadily increased while the number of
sign-ups are fluctuated over time (See Figure 4).

Fundamental Hypothesis: Building a Trust Network

Before start developing a taxi-sharing service, we wanted
to know in advance the obstacles of ride-sharing. Although
taxi-sharing has clear benefits such as splitting fares and
saving time 3, this concept of service has not been much
vitalized thus far in Korea. We conducted an online survey
to understand people’s attitudes towards taxi-sharing ser-
vices. We arbitrarily sampled 200 university students and
office workers in Seoul to ask questions and list up the main
findings as follows:

» 56% of respondents were willing to use taxi-sharing
services. They expected the following improvements
from the service: 1) taxi should be available at certain
time period (respondents mostly thirties to forties); 2)
fares should be cheaper (mostly twenties).

+ Among users who do not want to share a taxi, 90%
of them answered that the reason was not wanting to
take a taxi with someone they do not know.

Therefore, our fundamental hypothesis is that in order to
create more demand and succeed a ride-sharing service it
is essential to build a users’ trust network, which let users
feel safe and comfortable while sharing rides with strangers.

The First Approach: Providing Affiliation Informa-
tion for Users Seeking Companions

3In Seoul, Korea, it is hard to find a taxi due to imbalance between
supply and demand in specific times such as late night on Friday.
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* Period: March 16 - June 30.

» Hypothesis: Providing affiliation information of other
users when choosing companions is enough for cre-
ating the initial user pool and making the users be
matched within.

* Result: Not supported.

We set “affiliation” information as the baseline for connect-
ing users. We set ‘affiliation’ as a mandatory information
prior to signing up for Cabbit. Users’ affiliations are shown
with their trip information so that users can check other
users’ affiliations for their own safety (See Figure 1). As the
user pool becomes larger and users start connecting with
each other, our plan was to build a users’ multi-layered trust
network with various contexts such as connection histories,
demographics, and time-spatial riding patterns.

Unfortunately, a crucial problem occurred soon after launch-
ing Cabbit with the initial setting: although we assumed that
users from same universities would have similar moving
patterns and be matched easily, users did not congregate

in practice. Furthermore, once the users failed to meet
companions they tend to leave the service, and we could
not expect any viral effects. To overcome this obstacle, we
planned the second approach, region-based clustering.

The Second Approach: Developing the Region-
based Clustering

 Period: July 1 - August 31.

» Hypothesis: Clustering based on configured regions
can expand the size of the user pool and make the
users be matched within.

» Result: Not supported.
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Based on the open dataset of taxi trip logs * we clustered
and selected one specific district, Yeoksam 1-dong Gangam-
gu, from Seoul area as a starting point for taxi-sharing for
the following reasons: there are 286,978 daily taxi pas-
sengers on average, and a total of 79% of the traffics are
concentrated in the period from 7am to 10 am (i.e., com-
muting time to go to work). In addition, the points of origin
are dense and close to subway stations (See Figure 6).

In our second approach, we expected that passengers
would be able to share their rides in commuting times with
others who work in the same districts. Hence, we mainly
targeted the company employees within the selected busi-
ness district as indicated in Figure 6. Although there were
a lot of demands for taxis as predicted, our goal, which is
increasing the number of matching, could not be accom-
plished and the second hypothesis was not supported, after
the second approach had proceeded for two months. Re-
garding the case of ‘time to go to work’, passengers wanted
to go to company without any delay, and saving of taxi fares
was not the most important aspect for them, considering
their economic level compared to the sacrifice of comfort.
Regarding the case of ‘time to go home’, the points of origin
are clustered within the district, yet the points of destina-
tion are not, which means users’ homes are far apart and
thus they cannot be matched. We concluded that while our
initial targets (i.e., university members) were sensitive to
taxi fares, company workers were relatively not. Moreover,
most commuting passengers in Gangnam currently travel in
short distance on a taxi, so taxi-sharing service was not so
attractive for them.

Although we set the region-based clusters based on the

4We analyzed a 100 million Korean taxi trip log in July, 2015, which
contains OD info, time, weather, and so on so forth. The dataset was
downloaded at http://data.seoul.go.kr (written in Korean).
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public transportation logs, the configured extent of the clus-
ters is still too large for the users to be congregated in terms
of the time-spatial manner. Therefore, we developed an-
other approach: clustering of the possible routes that can
control time-spatial constraints.

The Third Approach: Developing the Route-based
Clustering

* Period: September 1 - Present.

» Hypothesis: Clustering based on configured routes
can expand the size of the user pool and make the
users be matched within.

* Result: Supported.

The major reason for why the users could not be gathered
has been analyzed, and we concluded that the configured
size of clusters was too large. Hence, we analyzed the op-
eration dataset (i.e., 19,736 points of searched and regis-
tered OD logs from March 16 to December 31) and experi-
mented whether certain routes overlap within certain time-
spatial range (i.e., 100 meter of the distance of origin and
destination respectively and 15 minutes of the departure
time) and could confirm there are some routes that meet
the set condition.

Therefore, we contacted 42 student unions out of 110 can-
didate universities, and a total of seven student unions
agreed to collaborate with us. Next, we started conducting
online and offline promotions together with the unions. Con-
sequently, the locations of the OD have become clustered
across the country as we intended (see Figure 7).

User feedback on Cabbit
While preparing the third approach, we conducted a user
survey with 10 sampled users, and the users gave us fa-
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Figure 7: The location of
registered trip info across the
country from Mar to Dec
(non-cumulative | origin: red |
destination: blue)

vorable responses. Here are some quotes from the partici-
pants of the survey:

“I think the service is trustworthy since other users whom |
can meet will be from the same univ.”

“I like that you need to be certified through your affiliated
email account. Due to this procedure, if some issues oc-
curred during the process, it's easier to demand the respon-
sibility from the users.”

“l use taxi often especially at late nights when the buses
stop running, and I like this service since | can save fares.”

Yet, some participants adverted to the limitations of the ser-
vice and suggested a few ways to improve, as follows:

“The matching should be enough for the service, and the
fare payment system is not a must.”

“I will use Cabbit only when | have plenty of time.”

“I registered my trip info on Cabbit two to three times but |
could not find other companions. After those experiences |
have not used the application.”

We found the biggest obstacle that prevents users from
using Cabbit is that it cannot guarantee a 100% match be-
tween users. Users became reluctant to revisit the service
after they had failed to benefit from the service. To com-
pensate the limitation, we developed and introduced an
artificial intelligence (Al) agent that can be connected with
users who could not meet other companions with certain
time-spatial condition. Through this agent, our service has
become more reliable for users, meaning the users could
always take a taxi with half-cut fare albeit the missing com-
panions. Through locking in the users by guaranteeing the
discounted taxi fares, we were able to let those consumers
be our initial fans, so that they can perform as providers of
the service and connect with other users followed by the ini-
tial fan group. We implemented this Al agent module for the
third approach as well.

CHI 2017, May 6-11, 2017, Denver, CO, USA

Jul-Aug  Nov-Dec

# of Observed 8 12
possible routes
# of Registered trip info 101 976
within possible routes (A)
# of Total registered 620 2168
trip info (B)
Percentage (A/B) 16.29% 45.02%

Table 1: Comparing # of registered trips for two month (Jul-Aug)
from the 2nd approach and for two month (Nov-Dec) from the 3rd.

Results of The Third Approach

In order to assess to what extent our results could be im-
proved with the third approach, we compare the results
from the third Approach to those of the first and the sec-
ond. By comparing Figure 2, Figure 3, and Figure 4, we can
see that the performance metrics of the third approach (il-
lustrated in Figure 4) outperformed those of the other two
approaches. Particularly with Figure 4, the number of actual
daily users has steadily increased. The number of sign-
ups was the highest in September; however, the high num-
ber is mainly due to the seasonal effect: huge inbound of
(i.e., from elsewhere to come into univ) movement came
from the university students because of Chuseok (Korean
thanksgiving day), the second biggest holiday in Korea.

Specifically to the impact of the route-based clustering, we
observed whether the registered trip information was as-
sembled by following the calculated routes, after we pro-
ceed with the third approach. As indicated in Table 1, we
confirm that the third approach is properly working and
users have congregated based on the designated routes.
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Figure 8: Cohort Group Analysis

Figure 8 shows the result of the cohort group analysis,
which indicates how equivalent groups, split into months,
after they firstly registered with their trip information, behave
in the following months (i.e., showing how much percentage
of users of one equivalent group registers trip information
again in the following months, which is equal to the ‘reten-
tion rate’ for Cabbit). The retention rate is relatively high

for the cohort group in March (i.e., the initial opening pe-
riod): it can be considered as loyalty of the early adopters.
Furthermore, the retention rate increases for every cohort
group in August and September, because most of university
members come back to universities after summer break in
August as well as Chuseok in September. Thus, we can say
that seasons noticeably affects user behaviors at Cabbit.

Yet, this result does not fully explain the effect of the Al
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User  Total # of Users who Percentage
Group # register trip info
at least once more
A 703 - -
A-1 210 128 60.95%
A-2 493 188 38.13%

Table 2: Comparing # of revisiting users based on the user groups
from Nov to Dec (Group A: Users who registered trip info at least
once | Group A-1: Users who successfully connected with at least
once | Group A-2: Users who registered trip info at least once but
have not been connected with others at all).

agent, since some users could not be matched with the
agent, even when they met every required condition for the
third approach, due to the technical limitations in practice.
Hence, to test the effect of the Al agent, we respectively set
experimental group as a set of users who successfully con-
nected with either other users or the Al agent at least once,
and control group as a set of users who registered their
trip information at least once but have not been connected
at all. Then, within the experimental group we tracked the
number of users who register trip information at least once
more after the first matching, as for the control group, we
observed the number of users who register trip information
at least once more after the first registration of the trip in-
formation. The size of the experimental group is 1.60 times
(point) larger than that of the control, as shown in Table 2.
Based on the result, we can say that the users who have
previous matching experience tend to reuse the service
more than the users who do not have the experience.

Thus, it is essential to provide methods that can ensure the
users to be matched in any circumstance. We are now run-
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ning the Al agent for this purpose and, we are still seeking
better methods that can be more efficient and cheaper than
the current one.

Discussion and Future Directions

Our approach can serve as a reference to on-demand or
ride-sharing startups eager to promptly penetrate the mar-
ket. Here are our major findings from operating Cabbit:

+ Users tend to continuously utilize the service only
when they are convinced that they can use the ser-
vice whenever and wherever they need: in that sense,
the applied Al agent is one useful method.

It is crucial to subdivide the possible routes as fine-
grained as possible to maximize the matching rate.
Startups should comprehend the detailed traits of the
targets, since the actual demand of the ride-sharing
services vary upon demographics, occupation, envi-
ronment, and etc. In Korea, Cabbit model is more fit
to meet the needs of the people in universities where
the infrastructure for public transportation is weak.

Of course, there are some limitations as well. First, the user
behavior logs tell that the seasonal effects cannot be ig-
nored especially when focusing on the university groups:
they are more sensitive to time change such as vacations
and examination periods, compared to regular commuters.

Second, although we implemented the Al agent, it is difficult
to retain this strategy, mainly due to the high maintenance
cost. In this sense, it is inevitable to seek another method in
order to steadily maintain the retention rate of the users.

Third, people feel uncomfortable when the ride-sharing ser-
vice does not include a vehicle booking feature. Even after
successfully meeting with other companions via Cabbit,
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users had to find a taxi by themselves. Corporate employ-
ees particularly complain about the situation, so if we aim to
expand to them, we need to clear this hurdle beforehand.

In addition, although we construct and utilize a users’ trust
network, it is difficult to recommend possible companions
based on the trust network, for now, due to the relatively
small size of the user pool. However, it would become pos-
sible if more users flow into our service and the similar trip
information becomes more available. In that case, we will
be able to continue to enhance our companion recommen-
dation algorithm with diverse models and settings.

Last, as we repeatedly heard from users that the fare pay-
ment process itself can be a burden to the newcomers, we
plan to make the payment process to be optional, meaning
users can choose whether they just want to meet up with
companions or want to split the fare automatically. It would
help more people join Cabbit and allow the service to have
a richer user pool, which is always an essential part in pro-
viding an effective companion recommendation service.

We believe our approaches can be generalized to other av-
enues of services, because nowadays, every information

is computationally tracked and can be seeds for the deci-
sion making process, such as deciding the characteristics
of the audiences or the locations for promotions. Moreover,
the gist of our research in the form of a case-study of taxi-
sharing is showing how early startups (whether they are
on-demand or not) can successfully enter the marketplace,
with the following whole process: 1) establishing fundamen-
tal hypotheses by conducting surveys, prior to operating the
service; 2) collecting actual user behavioral data by operat-
ing the service; 3) verifying the hypotheses by conducting
cohort analysis and A/B testing, based on collected data; 4)
resetting the hypotheses and reverifying them by continu-
ously operating the service.
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