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Abstract. Energy and carbon dioxide emissions are becoming the major issue 
for creating a sustainable living environment. According to ITF reports, trans-
portation represent 23% carbon dioxide emissions globally in 2010, and has 
grown by 45% from 1990 to 2007. However, the lack of Information transpa-
rency of energy consumption and carbon dioxide emission may become the bar-
rier for users who are willing to perform sustainable behaviors. Moreover, the 
unchanged human behavior and habits are the major obstacles toward the sus-
tainable living.  

In this paper, we proposed a mobile persuasive service to promote “green” 
sense that encourages sustainable transportation by revealing both sustainable 
and health information to users. The service design includes: 1) A mobile App 
for users to monitor their own transportation behaviors; 2) A visualization inter-
face for users better realizing their own performance and states; 3) A virtual 
“Green Credit” rewards concept to create social interactions and encourage be-
havior change. A working prototype has been implemented and tested in a uni-
versity campus. We describe the design, implementation and future work of the 
GreenSense project in this paper. 

Keywords: Behavior Change, Mobile Devices, Social Interaction, Persuasive 
Technology. 

1 Introduction 

In the context of sustainability, reducing energy and enhancing energy efficiency are 
becoming the fundamental requirement to promote sustainable living. According to 
ITF reports, transportation represent 23% carbon dioxide emissions globally in 2010, 
and has grown by 45% from 1990 to 2007 [1]. In United-States, the statistic shows 
transportation accounts for 31% of total U.S. CO2 emissions, that is, 6,633 Million 
Metric Tons of CO2 [2]. In Taiwan, transportation accounts for 3.6 Million Metric 
Tons of CO2 emission [3]. The governments have made numerous policies to solve 
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the problem by promoting public transportation, clean energy car toward smart cities. 
However, people’s existing habits of moving from one place to another. The lack of 
incentives and information will be the barrier for people to change their original  
behaviors.  

Currently, over 45% of Sustainable HCI works can trace their theoretical rationale 
to BJ Fogg’s theory of persuasive technology [4,5], which attempts to convince users 
to change their behavior. The persuasive technology has been proved the theory in 
several research works. The major idea is to serve technology as a channel to per-
suade users to change behaviors or to enhance the behaviors efficiency. Ford has pre-
sented an eco-driving dashboard design approach – SmartGauge with EcoGuide on 
car [6]. The dashboard uses green leaves feedback as to encourage user’s eco-driving 
behaviors (Fig. 1a). When user aggressively accelerating or slamming on the brakes, 
the leaves disappear. In contrary, more leaves appear when users perform eco-driving. 
The interactive dialog and feedback develops users’ eco-driving habits as results. 
UbiGreen tries to extend persuasion to green transportation behaviors [7]. The App 
used built-in sensors on smartphones to detect and monitor user’s behaviors. An ab-
stract visualization appears on smartphone as the feedbacks to user’s behaviors  
(Fig. 1c). However, the design is limited to personal monitor, the lack of social inte-
ractions may reduce the incentives gradually. In the 7000 Oaks project [8], sustaina-
ble issues has brought into groups and public area. By combing the eco-visualization 
with building’s energy consumption, people who enter the building have higher 
awareness toward their energy behaviors (Fig. 1b). However, the design is lacking 
connection with personal energy consumption, which hard to motivate people to un-
derstand and change their own behaviors. 

 

 

Fig. 1. Persuasive Technology. (a) Ford SmartGauage with EcoGuide (Source: 
http://smartdesignworldwide.com/work/project.php?id=166), (b) 7000 
Oaks Project (Source: http://tiffanyholmes.com/current-ecoart/7000-
oaks-and-counting/), (c) UbiGreen (Source: http://dub.washington.edu/ 
projects/ubigreen) 

In this paper, we present a mobile persuasive service called GreenSense that is at-
tempted to encourage sustainable transportation by revealing both sustainable and 
health information to users. Behaviors monitoring, visualization, social interactions 
are the fundamental requirements to support the service of the service. The service 
attempts to bridge the gap between personal and group sustainability. We describe the 
design, implementation and future work of the GreenSense project in the paper. 
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2 Design Implementation 

In this chapter, we describe a behavior persuasion service called GreenSense. We 
targeted the most energy consuming behavior – changing people’s transportation from 
fuel vehicles to bikes or by walking. Our aim is to encourage sustainable transporta-
tion, and visualize the behaviors in both sustainable and health ways in people’s daily 
life. The service integrates mobile app and visualizations in supporting users to moni-
tor and track their own behaviors. To bridge the sustainability awareness across users, 
we present Green Credit concept, which tackle the intrinsic motivations [9] and social 
interactions to construct users’ commitment toward environmental sustainability and 
personal health. The Green Credit has two levels of meaning: 1) the reward that 
presents the carbon emissions has been saved or the calories has been consumed by 
users, and 2) the commitment, responsibility and contribution to both living environ-
ment and personal health. The proposed scenario and system are designed as follows.  

2.1 Scenario Design 

To carry out the GreenSense Service in real environment, we selected a workspace 
and its members as context and target users for the scenario design. The GreenSense 
Service reveals the benefits of users’ sustainable behaviors via a mobile app and a 
visualization interface in workspace. The benefits include personal health and envi-
ronmental sustainability on their way work and on their way home (Fig. 2). Users use 
the mobile app as a tool to monitor and record their own behaviors. GreenSence Ser-
vice will reward users with Green Credit according to their behavior performance and 
methods. They can watch and compare the history of transportation distance, routes, 
Carioles and Green Credit on the mobile app, as well as to create their behavior strat-
egy accordingly. In the workspace, a visualization interface on the public display 
reveals the members’ contribution according to the input behavior by each member. 
As a result, the GreenSence Service raises the social interactions and motivations to 
perform sustainable behaviors between users. 

 

Fig. 2. GreenSense Service encourages sustainable transportation by revealing both sustainable 
and health information to users in workspace 

Future Workspace

On the way work

Green Credit
Environmental Health

GreenSense Mobile App
Personal Health

Activities
Check-In
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2.2 System Design 
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Fig. 4. GreenSense Service is 
Visualization Dashboard 

3 Implementation
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3.1 Mobile App 
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The database receives and decodes the data, which encoded with JSON format that 
uploads from GreenSense Mobile App. The database table includes user’s id, event 
name, event content, event time and event value (Fig. 7). The event name stores us-
ers’ transportation method, including walk, bike, motorcycle and car. As for the event 
content, it stores the duration of transportation. Once the system receives the data 
input, the Green Credit will be calculated according to the event name and event con-
tent, and stores in the event value. Finally, all the data can be access and query online 
by Mobile App and Public Visualization Dashboard. 

 

 

Fig. 7. Database table design and the data stores in the Cloud Behavior Database 

3.3 Public Visualization Dashboard 

The Public Visualization Dashboard is designed as a web interface. The interface was 
implemented with HTML5, JavaScript and third party visualization library – High-
Chart as to visualize the behaviors. All the behavior data are sending dynamically 
from Cloud Behavior Database and encoded with JSON format. The JSON format can 
be read and visualize directly through HighChart. As for the interface design, the 
Public Visualization Dashboard is located in the public area that people can hardly 
read through the detailed information (right image in Fig. 8). Hence, we considered 
simple and intuitive as the major principles to design the interface. We selected two 
charts as our visualization, one is stacked bar chart, and another is pie chart. The 
stacked bar chart visualizes comparable information between users, which may raise 
users’ competition and social topics in workspace (left image in Fig. 8). The pie chart 
can clearly visualize the composition of contributed sustainable behaviors. 

4 Discussion 

To examine the functionality of GreenSense Service, we invited four workspace 
members as our participants to test the service. We recorded over 800 transportation 
behavior data from users in one month. The system has raised the awareness of  
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Fig. 8. The stacked bar chart and pie chart on the Public Visualization Dashboard 

sustainable behaviors across users. Moreover, the Green Credit concept of creates 
more social interaction between users as to explore more ways to receive the rewards. 
The following, we discuss our exploration of GreenSense service based on our  
observation. 

1. Metaphorical Visualization: By observing the GreenSense Service in two months, 
we found that the Public Visualization Dashboard has two major problems: 1) the 
information takes time for users to read through, and 2) the lack of visualization 
change is hard to keep users’ attention all the time. However, a metaphorical visua-
lization may help users to access and recognize the information in shorter time. In 
7000 Oaks project [8], the visualization combines tree and electrical appliance im-
ages as the metaphor of energy consumption in building. As a result, people who 
passed by can easily mapping the real energy usage with the visualization. We will 
design and examine the metaphorical visualization as the future work. 

2. Alternate Services for Transportation: By observing the users’ usage in daily life, 
we found that there are obstacles that may reduce users’ willing to perform the sus-
tainable behaviors, such as weather conditions, body conditions, time constrains, 
luggage and groups of people. The tradeoff decisions will usually take place the 
sustainable one. In this sense, providing sustainable strategies for users to solve the 
obstacles could be a key development of the GreenSense Service. We have noticed 
a trend of sustainable transportation services appear in the market, such as carpool, 
bike-sharing and green navigation. For example, Green Monkeys is a carpool ser-
vice in France and Switzerland that allows people to pick typical or atypical sche-
dules to the desired directions or areas [10] (left image in Fig. 9). Hence, users can 
lower carbon dioxide emissions and save time, money at the same time. Another 
example is Greenway, which can calculate the alternate green paths that avoids 
traffics and reduce carbon dioxide emission [11] (right image in Fig. 9). Together  
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The contribution of this research includes: 1) GreenSense Service: a system en-
courage sustainable transportation by revealing both sustainable and health informa-
tion to users; 2) Green Credit concept: a rewards concept to create social interactions 
and encourage behavior change; and 3) A living laboratory experiment: a working 
prototype was implemented in a real workspace, and tested by workspace members. 
We illustrate the system design, implementation procedure. Also, we discuss several 
approaches based on the service as our future works. 
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