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ABSTRACT 
In this paper we report on the design and evaluation of a 
mobile application to provide crowd-sourced real-time data 
about bus services. We designed the application following 
principles of personal and urban informatics to encourage 
bus users to record information, which was then shared with 
the wider user community through a range of visualisations. 
Through iterative user testing we identified important 
design requirements for recording and sharing information 
in the city, while also providing a communication channel 
between service users and service providers. We further 
present findings from a public release study involving 82 
users and 10 in-depth interviews regarding the value of 
specific features to encourage sustained participation in the 
data collection process.  
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INTRODUCTION 
The availability of new sensing and displaying technologies 
has led to significant improvements in public transport 
information systems [2]. Public transport users have 
benefited from these developments, as they are able to 
receive real-time information about services. This allows 
for better trip planning before the journey and supports 
decision-making during the journey [1]. However, the 
availability of this information depends on 1) the 
deployment of an appropriate technological infrastructure, 
such as location sensing systems, and 2) interfaces to make 

the information available to users, for example websites or 
mobile applications. In public transport environments that 
need to support legacy systems, implementing new sensing 
technologies can be challenging, cost-intensive, and time 
consuming. Building on the principles of personal and 
urban informatics, we describe an interim, low-cost solution 
for recording the real-time location of buses. The proposed 
solution takes advantage of the rising smartphone 
penetration and does not require any changes to the 
physical public transport infrastructure. To demonstrate the 
approach, we developed a mobile application, which allows 
people to record and share information while waiting for 
buses. Through a 44-day public release study and a 4-week 
deployment study we uncovered a number of design factors 
that can encourage a sustained participation in such crowd-
sourced information systems. We further identified 
opportunities of using mobile crowd-sourcing tools for 
encouraging a dialogue between commuters, and between 
commuters and public transport providers. 

BACKGROUND 
Previous research has demonstrated how the participatory 
qualities of mobile technologies can facilitate data 
collection about cities, and encourage people to “make their 
knowledge explicit” [4], gradually enabling a “collective 
intelligence” [5]. Urban informatics applications that 
aggregate and visualise this data can reveal new 
information about certain aspects of urban life. Crowd-
sourcing tools have been proven to be a promising approach 
for collecting data for the benefit of the larger community, 
such as information about traffic congestion on roads [3]. 

Recording and sharing information  
The idea of recording and sharing information is not new 
and has found its way into commercial products in the last 
few years. Well-known examples include Nike+, which 
allows runners to record and share information about their 
runs, and Fitbit, which allows people to record and share 
the number of daily steps. Both applications intend to 
encourage people to be physically more active by sharing 
and contrasting their personal information with a like-
minded community – an approach known as personal 
informatics. While data collected with Nike+ and Fitbit is 
mostly only of interest to the particular communities, 
personal informatics applications can potentially also be 
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extended to provide useful data to people that are not 
participating in the data collection process. For example, 
Biketastic [5] allows cyclists to log and share data about 
their rides and routes. Beyond speed, time and distance, this 
includes information about route roughness and geo-tagged 
media, which are then visualised on a map. By sharing this 
data beyond their immediate social networks, the 
aggregated data can become useful to all users of the 
application, not just those who also contribute.  

Mobile applications for bus travel 
A number of HCI research projects have investigated the 
use of mobile applications for public transport and their 
effect on the public transport experience. For example, 
OneBusAway [1] provides real-time arrival information for 
buses in Seattle and Washington through an SMS service, a 
website and a mobile application. A user study showed that 
the application allowed people to make better-informed 
travel decisions, and also increased commuter’s perceived 
feeling of personal safety while waiting for a bus. Tiramisu 
[6], an application for buses in Pittsburgh, offers a way for 
commuters to receive crowd-sourced bus arrival times. 
Study participants found crowd-sourced data about their 
buses useful for planning and adapting their daily 
commutes. The mobile application described in this paper 
follows a similar approach but specifically investigates the 
role of application features and data visualisations on the 
motivation of users to record and share information. 

DESIGNING “WHAT THE BUS” 
For the purpose of our research we designed and developed 
a mobile application for bus users in Sydney, called What 
the Bus. We chose Sydney as a study context, since at the 
time there was no real-time information available about bus 
arrival times. Following a user-centred design process, we 
did a series of rapid evaluations of low to mid fidelity 
prototypes, which evolved to the final design. Based on 
these evaluations we concluded that 1) the application 
needed to have static timetable data as the foundation to 
provide a useful context; 2) user input needed to be 
effortless, as automatic as possible, and integrated into the 
bus journey; and 3) visualisations of crowd-sourced data 
needed to be simple and contextual with a clear distinction 
between historical and real-time data.  

User reports for bus routes 
The application uses the phone’s location to automatically 
provide the user with a list and map view of nearby bus 
stops. After selecting a bus stop, the user receives a list of 
available bus routes and their timetabled departure times. 
From this list users can get to the bus route view, which 
provides the last twenty user reports that have been made 
for the selected bus route (Figure 1a). We decided to 
include reports from previous days based on feedback we 
received from users during the design process. This serves 
two purposes: 1) users can identify recurring patterns, such 
as a bus typically running late at particular times of the day, 

and 2) people reported that they enjoyed browsing the 
reports and reading other people’s comments while waiting 
for their bus. Each user report is shown as a separate list 
item, with icons conveying submitted data for the fullness 
of the bus, the bus stop where the report was made, and any 
notes that have been attached to the report.  

The bus route view allows users to record information about 
the bus they are waiting for. The countdown label for the 
next bus departure shown in Figure 1a becomes an active 
button when the timetabled departure time has passed, 
through which users can record that the particular bus is 
running late. Similarly the green button shown in Figure 1a 
allows users to log if the bus arrives early. If a bus has 
arrived, the user can log how full the bus is, and whether it 
has stopped to pick up passengers or not, together with a 
note to record any other information (Figure 1b). 

Bus route visualisations 
The application provides a number of visualisations to view 
the aggregated user reported data per bus route. The route 
map visualisation shows an ‘averaged’ summary of all user 
reports per bus stop. We chose this approach to keep the 
map simple and to give an indication of the ‘behaviour’ of 
buses on a particular route. The bus rankings view displays 
the three fullest and the three most late running bus routes. 
For each bus route, a further detail page shows the number 
of contributors and again the ‘averaged’ summary of all 
user reports (Figure 1c). These visualisations were included 
to ‘reward’ users for contributing information and to add to 
an atmosphere of community among the users.  

Personal data visualisations 
The personal feedback view shows a summary of the user’s 
contribution via recording user reports (Figure 1d). Through 
contributing information, users can win awards such as 
‘Longest time spent waiting for a bus’ or ‘Most often 
ignored by a bus’. Additionally, users who contribute 
enough information can become a ‘top contributor’ for their 
bus stop. These features were included to encourage people 
to contribute information about buses, while also adding a 
playful element to the application. Each contribution or 
award that is won can also be shared on Twitter, which 
allowed us to investigate whether sharing personal 
achievements had any effect on users’ participation. 

EVALUATION STUDY 
The evaluation study was split into two stages, 1) a public 
release of the application to 82 users, and 2) an in-depth 
deployment study involving 10 participants. This two-stage 
approach allowed us to record quantitative as well as 
qualitative data about the application. Both evaluations took 
place in Sydney, with the majority of participants living or 
working in the Central Business District (CBD) or studying 
at the University of Sydney. We selected our participants 
for both stages so that data collected through the application 
would be concentrated around common routes. For example 



there are five bus routes connecting the university campus 
to the CBD. With this approach we hoped to gather a 
sufficient number of user reports for bus routes that were 
shared by most of the users.  

Public release study 
The application was publicly released via a dedicated 
website and provided to users via the TestFlight platform, 
which allowed us to track installations and receive direct 
feedback from users. We also anonymously recorded usage 
information via system and server logs, such as the time at 
which every page of the application was accessed. We 
collected data over a period of 44 days from a total of 82 
users for later analysis. During this period we deployed four 
application updates, ranging from small fixes to introducing 
new features in response to user feedback. 

Deployment study 
We recruited 10 participants (P1 to P10), who received 
access to the application over a period of 4 weeks. To 
evaluate the effect of personalised data visualisations on the 
motivation for recording user reports, we only enabled 
these features for the second half of the study period. At the 
end of the 4-week period we conducted in-depth interviews 
with each participant. Participants consisted of one waiter 
(P1), one urban planner (P2) and 8 students (P3 to P10), all 
studying or working at the University of Sydney campus. 
All participants were between 20 and 25 years old; 7 
participants caught the bus daily. Mobile phones used by 
the participants included 5 Android and 5 iPhone devices. 

RESULTS AND DISCUSSION 

Application usage 
Participants who caught the same bus every day were more 
likely to report information only when their buses were late. 
Most participants used the application to report information 
while waiting at a bus stop. The bus ‘behaviour’ 

visualisations were a catalyst for many participants to 
continue reporting, as it provided them with information on 
which they could base their travel decisions. Three 
deployment study participants indicated that viewing 
individual bus profiles had an effect on the way they 
decided which bus to catch. For example P7 stated, “I will 
pass on one or two buses if I know it’s always full and 
there’ll be another one coming soon”. 

Reporting behaviour 
The two main reasons that our deployment participants 
cited as their motivation for recording user reports were 
reciprocity and the feeling of contributing to a 
‘community’. P1 reported that he enjoyed the fact that 
information he recorded might be useful to someone else, 
which he also saw as motivation to continue recording 
information. Logging user reports was also seen as a way to 
share ‘news’ about bus travel with the community. For 
example, P6 mentioned that “when [his] bus finally came 
[he] wanted to share the good news”. P4 stated that she 
was motivated to record information “to create a proof of 
how bad the bus system is”. The ability to leave notes at 
bus stops was introduced half way through the deployment 
of the application. Most of the comments were complaints 
against buses that had not arrived, but users also submitted 
comments in which they were speculating why certain 
buses would have a particular behaviour.  

We noticed that participants were concerned about 
reporting false information. For example, P10 was not sure 
whether she was meant to record the fullness of the bus 
before or after getting on the bus. We had hoped that the 
comment field would address some of these issues, but 
more research may be needed to explore how to design for 
ambiguous data entry in crowd-sourcing applications. A 
possible solution might be to include a confidence ranking 
in the user reports.  

             
 (a) (b) (c) (d) 

Figure 1. Screen captures of What the Bus, showing: (a) user reports for a bus route; (b) the form for logging reports; (c) the 
‘averaged’ summary of reported data for a bus route; (d) personal statistics.   



Reliability of reports made by others 
Participants who viewed reports were not generally 
concerned with the reliability of reports, as they were 
considered inconsequential. P9 confirmed this by stating, 
“Even if they’re not perfect they’d be more likely to be right 
than the timetables”. P4 stated that she felt like she had 
“lied” to our application, since she accidentally recorded 
that a bus drove past twice. The only reliability concern that 
one of the participants brought up was the fact that many 
reports were irrelevant for him because of the variety of 
reports made at different times of day. This would change 
with more users reporting information. However, more user 
reports might also increase the number of false reports, 
which could have an effect on the perceived reliability. Our 
results in this regard therefore are specific to the limited 
user group and timeframe of our study.  

The value of personal feedback 
We received mixed opinions from our deployment 
participants about the personal data visualisations. P4 
explicitly mentioned that she used the application to check 
her personal statistics. P7 stated that she found the personal 
statistics to be fun, seeing that she “was ignored by [her] 
bus so many times!”. P7 also won an achievement for being 
‘Most ignored by a bus’ but she stated that she did not want 
it to be made public, being embarrassed that she would 
“sound like a fail”. This result might have to do with 
Twitter being a very public platform, indicated by the fact 
that the same participant suggested that she would be 
willing to share her achievements with her friends on a 
closed social network, such as Facebook. Out of all public 
release users only two decided to share their achievements 
on Twitter, further supporting this observation. P3 
expressed that he was not interested in viewing this data 
because he would find it to be frustrating stating, “There’s 
nothing I could do to control it”, eventually leading him to 
stop making any reports. To identify whether there was a 
correlation between having access to personalised feedback 
and recording user reports, we further analysed the 
reporting characteristics of 28 public release users who 
consistently reported information throughout the 44-day 
study period. Out of those users, 21 accessed visualisations 
of their personal data at some stage, while the top users 
(most prolific contributors) accessed their personal data on 
a regular basis.  

Feedback 
Throughout the 44 days of the public release, 17 feedback 
reports were made using a dedicated feedback submission 
form within the application, and 4 reports were sent by 
email. Most of the comments regarded technical and 
performance issues. Three feedback reports suggested that 
the users perceived the application to be released by a 
government body, and therefore were attempting to make 
complaints about the quality of the buses. Having access to 
direct feedback from users instantly allowed us to easily 
deploy updates and respond to bug reports.  

Limitations 
Even though a total of 92 people were using What the Bus, 
we may not have succeeded at reaching the critical number 
of users required for making the application truly useful. P5 
and P7 stated that they believed that the application was not 
used widely enough for them to receive useful reports on 
their bus routes. Furthermore, the evaluation period was 
fairly limited, in particular in regards to features such as the 
‘averaged’ summary per bus route. A longer study period 
might lead to further insights about the usefulness of the 
proposed crowd-sourcing approach.  

CONCLUSION 
The evaluation of What the Bus revealed a number of 
insights about designing applications for crowd-sourcing 
information in the public domain. Users stated they were 
motivated to report information in order to assist their 
fellow commuters. In this regard the public visualisation of 
the crowd-sourced data was sufficient to motivate sustained 
use of the application. Personal feedback, such as 
achievements and personal statistics, did not have an effect 
on users’ motivation, but instead negatively impacted the 
perceived value of the application since they felt that they 
had no control over this data. Results from our study 
indicate that crowd-sourcing applications also provide an 
opportunity to create a communication channel between 
commuters and public transport providers. Data collected 
through the application, such as times and places at which 
buses tend to be late or full can ultimately help to reveal 
reasons for traffic congestion and lead to further insights 
about the behaviour of commuters in the city. To that end 
the recorded data may be beneficial to organisations that 
plan transport services to improve travel times for buses.  
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