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A global challenge for the 21st century is to find a 
sustainable way of life. The Green movement has helped 
to increase people’s awareness of sustainability issues and 
propelled development of innovative products to help 
decrease our ecological footprint. Smart Grid applications, 
which enable users to monitor their household’s energy 
consumption, are one of these innovative products. Critical 
data visualization helps to build awareness, but does not 
result automatically in effecting behavioral changes, which 
are required to ensure the Earth’s future and survival. 
The question then shifts to how exactly to motivate, 
persuade, educate, and lead people to reduce their 
household energy consumption. Our study proposes to 
research and analyze different powerful ways to improve 
“green behavior” by persuading and motivating people 
to reduce their household’s energy consumption through 
a mobile phone application we call the “Green Machine.” 
We have designed and tested a prototype that is based 
on behavioral change-process issues-analysis to persuade 
people to “go green.” This article explains the development 
of the Green Machine user interface, information design, 
and information visualization.

Introduction

In the late 19th century, French mathematician Jean 
Baptiste Joseph Fourier introduced the first theory of 
global warming that would later be famous as “the green-
house effect” (Fourier, 1824). By the 1950s, concerns about 
global warming and sustainable development had moved 
into the mainstream. After more than 60 years and 
thanks to countless global awareness campaigns, such as 
Marcus et al.’s “Visualizing Global Energy Interdepen-
dence” (Marcus, 1979, 2009) and  Al Gore’s Inconvenient 
truth (Gore, 2006), the problem of global warming and 
its worrisome threat is no longer in question. However, 
this information, albeit frightening, does not necessarily 
invoke change in people’s behavior and their way of life. 
 Two vital issues need to be addressed: how to help 
people to reduce their ecological footprint, and how to 
persuade and motivate them to change their behavior. 
Nathan Shedroff lists five approaches of sustainable design 
in his book Design is the problem (Shedroff, 2009): reduce, 
reuse, recycle, restore, and process. This article consid-
ers another important aspect: how to persuade people to 
reduce their ecological footprint through the medium of 
a specially designed application suite on a mobile phone 
that we call the “Green Machine.” The Green Machine’s 
objectives are to persuade and motivate people to reduce 
their energy consumption and change their behavior.



234

Aaron	Marcus	and	Jérémie	Jean	 •	 Going Green at Home idj	17(3),	2009,	233-243

 Our first concept focuses primarily on household 
energy consumption, which, for example, represents 19% 
of total US CO2 emissions. However, our approach could 
be extended in the future to other conservation areas, 
such as waste and recycling, transportation, shopping, 
and eating. The Green Machine is intended to build on 
so-called Smart Grid technology, an important innova-
tion that enables users to acquire instantaneous feedback 
about their energy consumption (see, for example, NIST, 
2009). Studies conducted by Sarah Darby (Darby, 2006) 
show that feedback has an impact on reducing house-
hold energy consumption by about 10% without making 
any important lifestyle changes. Therefore, comparing 
this amount to the US Energy Information Administra-
tion data, one can readily see that we actually could save 
as much energy as the US produces by wind and solar 
power with simple and easy changes.

The Green Machine: A work in progress

We believe that simply showing data visualizations, as 
basic Smart Grid software will enable, is not enough 
to make people reduce their energy consumption. We 
turned to persuasive techniques and the study of the 
behavior-change process in combination with context of 
use, user-interface analysis, and information visualiza-
tion in order to find ways to design a product that will 
effectively encourage and persuade people to reduce 
energy consumption. The result of our work, the Green 
Machine, is a mobile phone application based on five 
main functionalities:

– Provide feedback about one’s energy consumption in 
comparison to personal goals.

– Display a vision of the future linked to that consump-
tion.

– Enable social interactions with social networking and 
energy consumption comparisons.

– Offer tips to reduce one’s ecological footprint.
– Provide individual or team-based competitions and 

games.

We have developed and tested a prototype to collect 
feedback about the application’s usability, usefulness, and 
appeal, especially users’ impressions about the motiva-
tional aspects of the design. User test analysis has been 
followed by a final redesign phase of the Green Machine 
application.

Figure 1.	 Green	Machine	Total	Energy	Use	screen.	The	screen	
enables	users	to	visualize	their	energy	consumption	in	kWh,	
currency,	and	amount	of	CO2	release.	The	screen	also	shows	
goal-setting	insights	and	equivalent	comparisons.	The	
Calendar	function	and	extra	features	will	enable	other	kinds	
of	comparisons	to	be	made.
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Background research 

Persuasive technology, which has an objective to moti-
vate people to perform beneficial actions, has appeared 
in many fields during the last decade. Persuasion is 
defined as “an attempt to change attitudes or behaviors or 
both (without using coercion or deception)” by Dr. B. J. 
Fogg, Director of Stanford’s Persuasive Technology Labo-
ratories (Fogg, 2003, pp.15). These persuasive applications 
have been developed for many different purposes, such 
as to encourage people to lose weight or quit smok-
ing, or to promote sports and exercise. Each applica-
tion bases itself on providing feedback to users about 
themselves and enabling analysis to increase people’s 
motivation and to change their lives through appropri-
ate behavioral changes. These feedback-based persuasive 
applications have shown important beneficial results and 
have been applied to environmental sustainability. Sarah 
Darby conducted an important analysis of feedback in 
the context of household energy consumption, which 
underlines that feedback about consumption is neces-
sary for energy savings. The study shows that it reduces 
consumption by about 5 to 15%.
 Smart Grid technology makes it possible to provide 
this kind of instantaneous feedback about energy 
consumption. The challenge of designing persuasive user 
interfaces oriented towards the environment, however, is 
significant: most people are not intrinsically motivated 
to care about and change their behavior, as emphasized 
by Tscheligi and Reitberger (2007). On the other hand, 
people with high social awareness tend to be unsatis-
fied with minimalist feedback, as showed by Yun (2009). 
Therefore, goal setting is necessary in order to give 
meaning to feedback and to optimize its effectiveness. 
If a goal to save energy does not already exist or has not 
been set, feedback becomes meaningless (McCalley and 
Midden, 2002, pp. 589–603).

 Social interactions add persuasive aspects and help to 
increase involvement and motivation. There are two ways 
to support social change: by mobilizing structures that 
help to support prominent figures and/or people, and 
by changing the belief of individuals and the culture of 
which they are a part (Mankoff et al., 2007). Leveraging 
social networks is therefore a powerful tool to integrate 
environmental sustainability into daily activities and 
social context. These results are achieved by using the six 
“weapons of influence” in order to persuade people, as 
defined by Robert Cialdini (Cialdini, 2001). These tech-
niques are the following:  
– Reciprocation: people tend to return a favor. 
– Commitment and Consistency: if people commit, 

orally or in writing, to an idea or goal, they are more 
likely to honor that commitment. 

– Social Proof: people will do things that they see other 
people are doing. 

– Authority: people will tend to obey authority figures, 
even if they are asked to perform objectionable acts. 

– Liking: people are easily persuaded by other people 
that they like. 

– Scarcity: perceived scarcity generates demand.

An experiment by Cialdini and his colleagues (Schultz et 
al., 2007) on the power of social norms highlighted the 
effects of neighborhood comparison in energy savings. 
According to the findings, people reduced their energy 
consumption when they found out that their neighbors 
had already taken steps to curb their energy use. Compe-
tition is another way to motivate people to increase their 
awareness and reduce their energy consumption. For 
example, the “Energy Smackdown” is an Internet-based 
challenge between individual households to reduce home 
energy consumption and CO2 emissions.
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Analysis

The Green Machine has two persuasion objectives: 
“microsuasion” and “macrosuasion,” according to Fogg’s 
terminology. The microsuasion objective is to make 
people reduce their household’s energy consumption and 
the macrosuasion objective is to change people’s long-
term behavior. These objectives are intrinsically linked 
(as short-term and long-term objectives) although they 
exist at two different levels. 
To create behavioral change through the Green Machine, 
we defined five key steps: 

– Increase frequency of use of the application.
– Motivate reduced energy consumption.
– Educate users about how to reduce energy consump-

tion.
– Persuade users to reduce energy consumption.
– Persuade users to change their behavior. 

Each step influences requirements for the application. 
These are summarized in Table 1.

 Motivation is a need, want, interest, or desire that 
propels someone in a certain direction. From the 
sociobiological perspective, people in general tend to 
maximize reproductive success and ensure the future 
of descendants. We apply this theory in the Green 
Machine by making people understand that every action 
has consequences for environmental change and for 
the Earth’s future. We also drew on Maslow’s theory of 
human motivation (Maslow, 1943), which he based on his 
analysis of fundamental human needs. We adapted these 
needs to the Green Machine context:

– The safety and security need is met by the possibility 
of visualizing the amount of money saved. 

– The belonging and love need is expressed through 
membership of an eco-friendly community or belong-
ing to a particular team in the Challenges section. 

– The esteem need can be satisfied by social comparisons 
that display energy consumption and improvements. 

– The self-actualization need is fulfilled by being 
able to visualize the amount of CO2 released in the 

Table 1. Five-step	change	behavioral	process	that	affects	the	Green	Machine	design	and	catalyzes	specific	
detailed	solutions.
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atmosphere and can also be met by enabling users  
to make donations to sustainability-oriented organi-
zations.

Because setting goals helps people to learn better and 
improves the relevance of feedback, the Green Machine 
Login page asks users how much money they want 
to save, or which friends’ energy profiles they wish to 
look up. To improve learning, the application inte-
grates contextual tips to explain how to reduce energy 
consumption. The application also shows tips that have 
been successful for other users, as well as other products 
or services they have tried. 
 Social interaction also has an important impact 
on behavior change. Accordingly, the Green Machine 
leverages social networking and integrates features like 
those found in forums, Facebook, or Twitter. The Green 
Machine is intended to provide frequent feedback, 
including daily energy consumption snapshots, a future-
Earth metaphor, and social interactions, such as energy 
comparison, friendly challenges, or added comments. We 
also aimed for long-term use, because, as Darby (2006) 
explains, it takes over three months for behavior change 
to become permanent. 
 We developed personas and use scenarios, as is 
typical for user-centered design. For example, Ms. 
Everyone and her husband want to check their energy 
consumption before running a major appliance. She 
uses a device to check the current household energy 
use, to browse through the usage history, and to check 
tips on lowering usage. By lowering usage, she gains a 
higher status in her friends’ energy-saving group, earns 
reward points, and helps save the Earth. Before sleeping, 
she checks the household’s total energy use for the day 
and compares it with that of her best friend Matthew. 
She teases him with a short message while brushing her 
teeth before retiring to bed. 

 This use scenario, together with these personas, 
shows the necessity of convenient access that matches 
context of use, suitability for other activities, and always-
on applications at people’s fingertips. To achieve these 
characteristics, we decided to make the Green Machine 
a mobile phone application. Consequently, the Green 
Machine would be available on a ubiquitous platform, 
widely available on the most common and well-known 
electronic device in the world today.

Design

The background research and succeeding analysis 
emphasized five main issues: feedback, future-Earth 
metaphor, social interactions, tips, and competitions/
challenge. These are represented in the accompanying 
information architecture of the Green Machine, as shown 
in Table 2.
 Designing the interaction and visual design was a 
particular challenge on the small screen of a mobile 
phone; therefore, special attention was given to the differ-
ent components of the user interface: metaphors, mental 
models, navigation, interaction, appearance (Marcus, 
2000). In particular, the interaction mode is limited; 
without a regular keyboard, data must be selected to 
fit the small screen size, and the number of clicks and 
submenus must be reduced.
 We decided to use a tabbed navigation so that every 
action can be achieved in less than four clicks. Users 
know exactly where they are in the application architec-
ture thanks to the screen title information. The visual 
design of our prototype is based on typical iPhone styles, 
because of the product’s brand image – trendy, with 
“early adopters” as target market – and the possibility of 
downloading applications.
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In the user interface, the small energy-thermometer is 
always displayed at the top of the screen and shows the 
current household energy use, as shown in Figure 2. 
The Energy tab (Total Energy Use) displays the kWh 
consumed, the money spent, and the amount of CO2 
released. Users can visualize this total energy use in 
different time periods, such as a day, week, month, or 
year. This energy use is automatically compared with the 
user’s goal settings. Social interactions are also included. 
Friends’ and celebrities’ comparisons enable users to 
select one of their friends or one of the many celebrities 
(e.g. Obama or Al Gore) using the Green Machine and 
then to compare consumption.
 The Earth in 2200 screen displays simulated break-
ing news stories according to one’s energy consumption 
(Figure 3). If there is high energy consumption, the state 
of the Earth is shown with dire consquences, such as 

Table 2. Green	Machine	information	architecture.

Figure 2.	 Green	
Machine	Total	
Energy	Use	Friends’	
comparison
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increased numbers of environmental refugees, outbreak 
of wars, and biodiversity endangerment. For low energy 
consumption, we view a healthier Earth with sufficient 
food and water, and a greater chance for peace.
 A networking tab is aimed at motivation through 
social interactions. Users can read and visualize news 
from their friends with regard to how much they have 
consumed, what their challenges and results were, which 
tips were helpful, what their current energy use profile 
is, and to which charities they have provided donations 
(Figure 4).
 The Tips tab enables users to learn how to reduce 
their energy consumption. The data visualization for 
each tip maps the cost and the amount of potential 
reduction. This information gives users a direct view of 
the impact of tips they may choose. An individual tip 
also shows how many friends have used it and found it 

helpful, their additional comments about a particular 
tip, its price (if it is a physical product like a light bulb), 
the distance to the closest store to buy it, and the overall 
rating given by Green Machine users. The Challenge 
and Games tab has different competitions for users to 
reduce their energy use. Individual and team-based chal-
lenges are available to suit pro-individual and pro-social 
personalities. A game mode offers relevant video games 
to help people to reduce their energy consumption.

User test

The primary objective of the user test was to identify 
usability issues with the Green Machine application’s 
user interface. We also assessed whether users believe 
the application would make it easier for them to reduce 
their energy consumption and whether users believe 

Figure 3.	 Green	Machine	Earth	in	2200. Figure 4.	 Green	Machine	friend	screen.
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the application could encourage them to make further 
reductions in their energy consumption. 
 These tests have produced both quantitative and 
qualitative results. Sessions have included free explora-
tion to gather first impressions about the Green Machine 
and expectations for content and functionality. Partici-
pants then completed a list of task scenarios. Finally, 
they filled out questionnaires, covering both their energy 
consumer and Green profile and their evaluation of the 
usefulness of the Green Machine. Assessment of people’s 
ecological awareness was patterned on the Evaluation 
of Environmental Attitudes (Fernandez-Manzanal et al., 
2007). We were particularly interested in whether or not 
users think that this application could motivate them to 
reduce their energy consumption. 
 Following the design stage, a navigational prototype 
(interactive screens without a database) was developed on 
a PC to simulate the Green Machine’s basic functionality. 
We tested 20 people in Berkeley, California. They ranged 
from 18 to 65 years of age and were culturally diverse. We 
tested men and women, students as well as laypeople.

User test analysis

The respondents we tested seemed to be quite concerned 
by ecological problems with regard to the Evaluation of 
Environmental Attitudes. This is an intrinsic fact to take 

into account in the results analysis. However, it is interest-
ing to test whether people who are already ecologically 
biased could be motivated to do more and further reduce 
their energy consumption through this application. 
 In general, users’ feelings towards the Green Machine 
application have been positive and they are receptive 
to the data shown on the application. Every respond-
ent (except one who was uncertain) believes that having 
continuous feedback (i.e. first Green Machine screen) on 
their energy consumption could help them reduce their 
energy consumption. They think the information provid-
ed on screen is helpful, relevant, and specific enough. An 
overwhelming majority say that this application will make 
them more self-aware and accountable for their actions; 
18 respondents out of 20 (90%) also agree with the idea 
that the Green Machine could motivate them to reduce 
their energy consumption (Figure 5). The primary moti-
vational factors for our respondents were equally mixed 
across different sets of factors, such as personal challenges 
and competition, financial issues (i.e. saving money), fear 
of the future, social interactions, and information about 
energy use and scarcity. Moreover, 16 respondents out of 
20 (80%) think that the Green Machine could guide them 
into a behavioral change and make them “greener.” Figure 
6 shows the results.
 The different features within the Green Machine have 
also been assessed. Of the 20 respondents, 12 (60%) think 

Figure 5.	 Percentage	of	
answers	to	the	question	“This	
application	could	motivate	
me	to	reduce	my	energy	
consumption?”.

Figure 6.	 Percentage	of	
answers	to	the	question	“This	
application	could	accompany	
behavioral	change	and	
make	me	“greener”	(focus	on	
household)?”.
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that the current set of features (consumption, Earth 
2200, friends, tips, and challenges tabs) could help them 
to reduce their energy consumption, with only 5 (25%) 
who are uncertain and 2 (10%) who disagree or strongly 
disagree. Although people express different opinions 
about which set of features they actually prefer, interest-
ingly enough, about 7 respondents (35%) mention the 
Earth 2200 screen. To the respondents, it seems to be 
one of the most effective features in convincing them to 
reduce their energy consumption, followed closely by the 
Tips and Challenges screens. As the screen presented to 
the respondents gave a negative, even dire, view of the 
Earth in 2200, we suspect that emotions, specifically feel-
ings of fear, were stirred upon viewing it.
 The user test also led us to valuable insights with 
regard to the application’s usability. We realized that 
a navigation path needed to be altered to fit the users’ 
mental model, as the way to compare their own energy 
consumption with that of their friends. The path in the 
first version was through the Total Energy Use screen 
and the Option “Friends Comparison” to choose one 
friend and then compare both energy consumptions. It 
was misleading, as the user test has shown. People were 
trying to access it through the Friend screen. Some icons’ 
meanings were also hard to understand, resulting from 
poor user interface metaphors, such as the “Plus” icon to 
reach the Option screen. Also, some screens and naviga-
tion paths have been redesigned to make sure that all 
the contents are clear and understandable and that the 
application as a whole will be easier to use and more 
compelling in the next version.

Discussion and conclusion 

The work on the Green Machine seeks to incorporate 
persuasion and motivation for behavior change into a 
mobile phone application. This project shows a possible 
effective use of the information from Smart Grid tech-

nology in combination with mobile technology infused 
with persuasive design techniques and visualization.
 Although previous research seems to indicate that 
such an application will have some impact on energy 
consumption, it was interesting to gather actual user 
data and reactions. Users’ tests have demonstrated the 
relevance of  the motivational theory upon which the 
Green Machine application is based. As user test results 
showed, every step of the behavioral change process was 
incorporated and realized in this application. The Green 
Machine application thus acts as a motivational, educa-
tional, and persuasive means to reduce energy consump-
tion; users with this application are encouraged to go 
“greener.” Furthermore, it serves as a catalyst for behav-
ioral change.
 The second design phase has sought to improve 
the usability of the Green Machine. Constructive feed-
back has been obtained through user test recordings, 

Figure 7.	 Green	Machine	Total	Energy	Use	screen	version	2.
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observations, and suggestions. User-interface metaphors 
and mental models have been improved as well as the 
overall visual design, for example by making color 
distinctions clearer and signs more consistent.
 Our long-term objective for the Green Machine is 
to create a functional, working prototype, so that we can 
test whether it actually makes people reduce their energy 
consumption in the long run, under real use conditions. 
It will also be interesting to test it on an ecologically 
unbiased group to assess whether the Green Machine can 
motivate and persuade them to change behavior. If our 
theories are proven to be correct, this could have signifi-
cant implications for the use of Smart Grid software, 
which is slated for major expansion in the next few years 
in the US.
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