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After a few months of reorganization, PsychNology Journal comes 
out again with a new issue focusing on technology designed to 
increase energy awareness and to improve energy conservation in 
the lay consumer. This topic attracts increasing interest in the field 
and represents an attempt to cope with a serious emergency of our 
society, exploiting technologies that surround the user. 
 
This issue also inaugurates a restyling in the Journal’s website, 
including a more efficient search tool and a more intuitive 
presentation of the content.  More usable is now also the content 
management system through which editorial assistants update the 
website and publish each new issue of the Journal. The people to 
thank for this are Francesco Martino, Luca Zamboni, Bruno Seraglia 
and Alessandro Privitera. 
 
In parallel, PNJ will further increase its visibility through the inclusion 
in Elseviers’s Scopus database. The Journal received a flattering 
feedback from Scopus evaluation committee: “We found your 
journal to be of high quality and it was a pleasure to review. Your 
journal policy is very detailed and your journal provides a needed 
niche in the research field, blending psychology and the expanding 
technology that humans use. Your editorial board is international 
and there is good geographical diversity among your authors. The 
quality of your articles is very good”. 
 
Finally, the editorial staff is under reorganization. Anna Spagnolli is 
now serving as Editor-in -Chief and a powerful team of Associated 
Editors, Luciano Gamberini, Giuseppe Riva and Giulio Jacucci 
works to warrant the quality of the published manuscripts and the 
coverage of new, emerging areas of the human interaction with 
technologies. New changes will occur in the near future and a series 
of theme issues will be announced. 
 
We hope that the readers will appreciate these changes and would 
like to encourage them to submit a manuscript by writing to our new 
email address “pnjcontact@gmail.com”. 
 
Sincerely, 
Anna Spagnolli, Luciano Gamberini, Giuseppe Riva and Giulio 
Jacucci 
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Designing Persuasive Applications to Motivate Sustainable 
Behavior in Collectivist Cultures 

 
Hiroaki Kimura!!  and Tatsuo Nakajima!  

 
! Department of Computer Science, Waseda University 

(Japan) 
 

 
 

ABSTRACT  
Until now, many kinds of persuasive applications have been developed, and most of which 
are used by individuals for personal benefits, example includes better healthcare, better 
lifestyle and so on. However, one application area that is yet to be explored effectively is 
persuading users for preserving shared resources including environmental conservation. 
Unlike existing persuasive applications, these applications do not aim personal benefits and 
consequently requires radically different persuasion techniques. In this paper, we apply 
knowledge of cross-cultural understanding to this kind of persuasive applications. We 
introduce five design strategies for persuasive applications that could be used especially in 
collectivist cultures. These strategies are organizing group, anonymity, mutual surveillance, 
development of mutual aid, and combine use of positive and negative feedback. By sharing 
our experiences of building persuasive application for reducing CO2 emissions named 
EcoIsland, we expose how these five design strategies could be applied in persuasive 
applications. The application encourages users to do eco-friendly activities for reducing CO2 
by offering game like feedback. The results of our experiment that recruited 6 families / 20 
persons and took 4 weeks show that two design strategies, mutual surveillance and 
combine use of positive and negative feedback worked effectively based on the number of 
eco-friendly activities one participant in each household reports and questionnaires.  

 
Keywords: individualist, collectivist, behavior change, persuasive technology, green activity, 

sustainability, cultural difference. 
 

Paper Received 30/04/2010; received in revised form 20/11/2010; accepted 30/11/2010. 

 

 

1. Introduction  

 

As we have known that it is difficult for human being to govern himself, there have 

been developed many ways to motivate behavioral change. Parenting is one of the 

most ancient methods to shape children’s behavior. Health maintenance issue 
                                                
Cite as:  
Kimura H., Nakajima T. (2011). Designing Persuasive Applications to Motivate Sustainable Behavior in 
Collectivist Cultures. PsychNology Journal, 9(1), 7 – 28. Retrieved [month] [day], [year], from 
www.psychnology.org. 
 
 

*Corresponding Author: 
Hiroaki Kimura 
Department of Computer Science, Waseda University 
63-505 3-4-1 Okubo Shinjuku-ku, 169-8555, Tokyo Japan 
E-mail: hiroaki@dcl.info.waseda.ac.jp 
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including dieting and discontinuation of smoking is one of the biggest applied areas in 

recent years. One of the biggest difficulties to change human behavior is that there has 

been large temporal gap between users’ action and its consequence. For example, 

even though every people understand that smoking increases the risk of developing 

lung cancer, they tend to continue smoking because their lungs do not get worth 

immediately. Nowadays it has been popular to use computers in order to change 

human behaviors. For instance, computers make people know future possible events 

(e.g. lung condition) by using simulation techniques. This approach is sometimes 

known as captology, using computers as persuasive technologies (Fogg, 2003). 

In many cases, people often need incentives to change their own behavior, and there 

have been sought various types of incentives for that. Needless to say, material or 

economic incentive is one of the powerful and familiar one. Credit card reward 

program is generally designed for encouraging consumption. The widespread use of 

digital money using near-field communication (NFC) shortens the transaction time and 

prevents miscalculation at cash registers by providing consumers with airline miles or 

cash-back  (Mainwaring, March, & Maurer, 2008). Yamabe and colleagues (2010) 

proposed two economic incentive models to change behavior using electric payment 

systems. Psychological incentive is another one to provide motivation for changing 

behavior. Praising a pupil for his outstanding accomplishment is a good example. S/he 

may be filled with a feeling of accomplishment and be motivated to study harder. Other 

pupils who watched the praised pupil might study hard also to be praised. Moreover, 

setting a goal has a strong persuasive effect to encourage desirable behavior. When a 

user defines an explicit goal, s/he pays an attention and makes an effect for 

encouraging desirable behavior. Locke et al. described that tight deadlines lead to 

more rapid work pace than loose deadline in a student’s lab work (Locke & Latham, 

2002). Midden and colleagues (2007) discusses the use of goal setting in persuasive 

applications, and they reported that the effect is very strong for persuading 

environmentally sustainable behavior. A large number of existing persuasive 

applications use goals as a persuasive technique. These applications give rewards 

when users meet the goals for increasing their motivation. UbiFit Garden (Consolvo et 

al., 2008) is a mobile, persuasive application to encourage users to maintain the 

desirable level of their physical activity in everyday life. The application shows 

attractive pictures on a display when the user reaches a certain goal. Another example 

of psychological incentive is applying social factor. When someone else is watching, a 

person performs better at a task (Zajonc, 1965). This effect has been demonstrated in 
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many persuasive applications. Gasser et al. (Gasser et al., 2006) proposed a mobile 

lifestyle coaching application, which intended to improve the user’s healthy behavior. 

When there is a strong competitor for a person, she may rouse herself to defeat the 

competitor. This is also a typical feature used in serious games, which are games 

designed for a purpose other than pure entertainment, such as education, scientific 

exploration, and so on (Bergeron, 2006; Chen, 2005). 

In order to develop effective persuasive applications, it is important to choose 

appropriate incentives and to provide users with the incentives in the proper manner 

as well as to design right user interfaces. Recently some researches proposed design 

strategies for persuasive applications. For example, Consolvo, McDonald and Landay 

(2009) proposed eight design strategies that use psychological theories and 

experiences from prior persuasive applications. In fact, different cultures have different 

ways of thinking, which is a common sense in cross-cultural research. This must hold 

true for persuasions. In particular, there must be a significant difference in the 

persuasion technique that uses social factor (e.g. relationship between others in a 

community). Fogg and Iizawa (2008) reported different techniques that are used in two 

social networking services popular in two different societies, Facebook in the United 

States and Mixi in Japan. However, most of the existing researches about persuasive 

technologies have been carried out based on American culture, one of typical 

individualistic one (Khaled, Biddle, Noble, Barr, & Fischer, 2006). 

Thus, in this paper, we discuss the differences between individualist culture and 

collectivist one from the standpoint of the persuasion, and then propose five design 

strategies for persuasive applications that could be used in collectivist societies. The 

rest of this paper is structured as follows: In Section 2 we show the difficulties in 

changing behavior for society or unrelated persons and the differences between 

individualist society and collectivist society. In Section 3 we discuss persuasion 

techniques for promoting public interests that could be used especially in collectivist 

societies and propose five design strategies. In Section 4, in order to demonstrate how 

to apply the five design strategies, we introduce a persuasive application for 

encouraging users to reduce CO2 emission designed especially for Japanese, a non-

individualist country, which is named EcoIsland. After that we present lessons learned 

from the application. Finally we discuss directions for future research. 
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2. Background  

 

In this section, we describe following two background of our research for designing 

the five design strategies: 1) difficulty in changing behavior for society or unrelated 

persons, 2) comparison between individualist society and collectivist society. 

 

2.1 Difficulty in Changing Behavior for Society or Unrelated Persons  

In many cases, existing persuasive applications motivate persons to change their 

behavior for personal benefits. For example, a persuasive application aiming to 

convince individuals to quit smoking persuades their behavior change by highlighting 

the benefits of good health. Even though such a behavior change does not always 

take an immediate effect, users already know the importance of the behavior change. 

In other words, they understand that the accumulations of his action will take effect 

ultimately. Thus, it is imperative for such persuasive applications to provide users 

with a sense of achievement by showing what s/he has done and how close to 

his/her goal in order to keep him/her from getting discouraged (Fogg, 2003). 

However, it is easily imagined that people are scarcely motivated for behavioral 

changes aiming at public benefits such as environmental protection. One of the 

difficulties to change users behavior for this purpose is that it does not make any 

sense for a person to change his behavior if others do not act in concert. Generally 

resources shared by a number of unrelated persons tend to deteriorate quickly in a 

process, which is called the tragedy of the commons (Hardin, 1968). One of the 

current solutions of the tragedy of the commons is governmental regulation. For 

instance, introducing environmental tax is expected to reduce greenhouse gas 

emissions or waste of resources. This is a typical example of the economic incentive 

that we mentioned in Section 1.  

Previously there have been very few persuasive applications that use psychological 

incentives for this purpose. However, we believe that persuasive technologies have 

applicability to these kinds of problems by using social factors.  

 

2.2 Collectivist Society  

Hofstede (1996) mentioned in individualist societies are the societies in which the 

ties between individuals are loose: everyone is expected to look after himself or 

herself and his or her immediate family only. He also referred that the United States 

ranked 1st (most individualistic country), the United Kingdom ranked 3rd, and France 
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ranked 10th among 53 countries and regions in which IBM branch office were 

located. People in individualist societies are more self-centered and emphasize 

mostly on their individual goals. They tend to think only of themselves as individuals 

and as “I”. They prefer clarity in their conversations to communicate each other more 

effectively. 

In contrast, collectivist societies are the societies in which people from birth 

onwards are integrated into strong cohesive in-groups, which throughout people’s 

lifetime continue to protect them in exchange for unquestioning loyalty.  Most of 

Asian countries are collectivist countries (Japan ranked 22nd, Singapore ranked 

39th, South Korea ranked 43rd), and Hofstede (1996) added the remark that 

collectivist countries are more common in the world than individualist countries. 

Collectivistic cultures have a great emphasize on groups and think more in terms of 

“we”. Harmony within a family or society is very important and should always be 

maintained, and confrontation should be avoided. Saying “no” means to destroy the 

harmony in the group. Triandis (1995) mentioned that it is important for people in a 

collectivist society to fulfill duties that have been built consensus in the society in 

order to accumulate virtues. They have self-identities that are strongly linked to 

attributes of their group. It is discouraged to behave differently from each other. 

 

 

3. Persuasion For Promoting Public Interests in Collectivist Society  

 

As we mentioned earlier, it is difficult to motivate person to change his/her behavior 

for public interests, such as environmental protection. Besides, it does not make any 

sense for a person to change behavior if other persons do not act in concert. For 

example, if you find that many other persons litter a park with bottles and cans, you 

might neglect to keep the park clean. 

When you think about the environmental protection, while technological solutions to 

reduce greenhouse gas emissions such as improving energy efficiency and 

developing clean energy sources are broadly applied, we still need dramatic changes 

in our human behavior to avoid the catastrophic climate change. World Wide Fund 

For Nature reported that the Ecological Footprint, which tracks the area of biologically 

productive land and water required to provide the renewable resources people use, 

and includes the space needed for infrastructure and vegetation to absorb waste 

carbon dioxide, exceeded the Earth’s biocapacity. It takes 1.5 years for the Earth to 
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generate the renewable resources used in 2007 (World Wide Fund For Nature, 

2010). Naturally, there are a lot of things that ordinary citizens can do. The resource 

recycling to realize a zero-waste society is a good example. Separating trash to 

some extent enhances the resource recycling and saves a lot of energy costs of the 

refuse incineration. Also many airline companies including All Nippon Airways, the 

second largest airline company in Japan, offer carbon offsetting programs to air 

travelers in order to neutralize the effects of their flights on the environment1. 

Besides, Japan’s Environment Ministry encourages every workers to wear light 

clothing such as short-sleeved shirts without ties, and to set air conditioners at 28 

degrees Celsius (82 degrees Fahrenheit) or higher in their offices from June to 

September. Surprisingly, the last example works better than the second one in 

Japan. By referring the characteristics of collectivist society, this can be interpreted 

that a person cannot make sure that other people do the same in the former case. 

On the contrary, what made the latter case successful is that the behavior has been 

recognized as a good behavior in the society and a person understands others also 

do the same. 

These examples reveal that we need to consider the characteristics of collectivist 

society for motivating collectivist people to change their behavior for personal 

benefits. From the characteristics, we have defined following five design strategies 

for persuasive applications that promote public interests in collectivist societies. 

 

3.1 Organizing Groups  

If there is no group yet where the target behavior is recognized as a good behavior, 

the persuasive application must organize a virtual group where the target behavior is 

recognized as a good behavior. In other words, the application convenes members 

who are interested in the target behavior but do not move into action yet because 

they do not want to stray from the current group they belong to. This makes a 

member feels that the target behavior is acceptable in the group, and it breaks his 

psychological barriers to act the target behavior. 

 

3.2 Anonymity  

In a horizontally egalitarian society, there is a possibility that an application user 

antagonizes others who belong to the same “real” group (e.g. same society) because 

the target behavior is not widely accepted yet as recommended behavior. Not to 

! http://www.ana.co.jp/wws/us/e/about_ana/corp_info/pr/2009/09_use_005.html 
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make waves among the real group, it is advisable to provide users with anonymity on 

persuasive applications. 

 

3.3 Mutual Surveillance  

Monitored by Others 

As we mentioned, when someone else is watching, a person performs better at a 

task (Zajonc, 1965). Moreover, the person will perform even better if the task has 

been recognized as recommended behavior in the group. The important point for the 

person is to make others aware that the person is now accumulating virtues for the 

group. 

 

Watching Others 

A person in collectivist society tends to avoid isolation from the group. So watching 

others and confirming that other people do the same activities would lessen the 

person’s feeling of isolation. 

 

Comparing Others 

The feature of watching others reveals a person’s contribution in the group. When 

the contribution is smaller than others, the person feels the pressure to contribute 

more. Of course if the person feels the pressure too much, s/he would give up to 

contribute and to use the persuasive application itself. Thus we suggest the necessity 

of “mutual aid” in order to subdue the effect. 

 

3.4 Development of Mutual Aid  

When a person knows someone else in the same group is placed in predicament, 

s/he tries to help the person. Similarly, when a person knows another person in the 

same group cannot contribute enough in a persuasive application, s/he would try to 

contribute also for the person. The most important point for the people in collectivist 

society is to maintain the total degrees of contribution in the group. 

 

3.5 Combine Use o f Positive and Negative Feedback  

Fogg (2003) emphasized that positive punishment in operant conditioning should be 

avoided due to ethical reasons. Consolvo and colleagues (2009) also pointed out that 

offering negative reinforcement or positive / negative punishment should be avoided in 
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order to sustain the individual’s interest without making her feel too bad or it runs the 

very real risk of being abandoned. 

However, it is unavoidable for these kinds of feedback in persuasive applications for 

collectivist societies because users have negative feelings when they feel not like the 

others. We have no guideline to know what kinds of feedbacks strike users as 

“negative” feedbacks. When a user neglects to do desirable behavior, of course we 

could design that an application does not offer “negative” feedback – for example, 

feedback unchanged. But the user still feels negative because s/he knows his/her 

neglect cause the feedback unchanged. Furthermore, giving negative feelings while 

training such as scolding is widely accepted in collectivist societies. Hofstede (1996) 

noted this is a typical characteristic of many collectivist countries. 

In addition, Midden and Ham (2009) reported that negative social feedback provided 

by an embodied agent, iCat, had the strongest persuasive effects even though the 

experiments were conducted in an individualist country, Netherlands (ranked 4th). 

 

 

4. EcoIsland: An Application For Encouraging Users to Reduce CO 2 Emissions  

 

In order to confirm that our design strategies work effectively, we developed a 

persuasive application for encouraging users to reduce CO2 emissions. The target 

users were people living in Japan, a non-individualist country. 

There have been some existing persuasive applications to reduce ecological 

footprints. For example, Mankoff and colleagues (2007) designed a social networking 

site to motivate individuals to reduce ecological footprints. However, this application 

was not explicitly designed for collectivist cultures even though it also used social 

incentives to motivate users. 

EcoIsland is a game-like application intended to be used as a background activity by 

ecologically minded families in the course of their normal daily activities. The 

application was designed for being installed in the living room or another prominent 

place in a household. 

 

4.1 Basic Concept  

Some experts say that greenhouse gas emissions, such as CO2, contribute 

significantly to global warming. They also believe if current trends continue, global sea 

levels will rise by a meter or more by the end of the century. Needless to say, the 
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Japanese people understand that rising seas pose serious threat for their country 

because Japan is an island country. Therefore most Japanese know that we need to 

reduce quantities of the greenhouse gas that are released into the atmosphere. The 

application mimics this situation.  

The objective of the application is to save virtual island from loss of land through 

rising sea levels by reducing the amount of greenhouse gas that each household 

emits. To give a responsibility to all users, we designed that each household owns one 

virtual island, and the family members are represented as avatars on the island (Figure 

1). Each household sets the amount of greenhouse gas to be reduced, and the 

application tracks the approximate current amount of greenhouse gas by using self-

reported data. If they fail to reduce the emissions enough, the sea level around the 

island rises corresponding to the excess of the emissions. Users can report their own 

green activities via their mobile phones or PC web browsers. On the phones or 

browsers, users have a list of activities that take to reduce the emissions: turning down 

the air heater by one degree, taking a train instead of a car, and so on. After reporting 

activities, the sea level reacts accordingly. Users can see nearby islands and activities 

as well as their own islands. Then they can list sell and buy offers for emission rights 

on a marketplace. Trading is conducted using a virtual currency EcoPoints earned by 

reporting green activities. The credits are also used to buy virtual items to decorate 

their islands. So successful sellers can afford to decorate their island more, while 

heavy emitters have to spend their allowance on emission rights. 

 

 
Figure 1.  EcoIsland main window. 

 

4.2 How Each Strategy Applied  

In this section, we describe how we applied each design strategy to the application in 

detail. 
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Organizing Groups 

EcoIsland was designed for the families who were interested in environmental 

activities. We informed participants that other participants were also ecologically 

minded in our experiment. Moreover, this application brought a participant into line with 

other family members to save an island, which means they shared a common goal. 

Thus participants were able to report ecological actions at ease. 

 

Anonymity 

Each household can name their island as they want, and the island name is shown 

on the display. Each family member in a household is represented on the island as an 

avatar. Even if the household behaves differently from others, others cannot identify 

them in real world. 

 

Mutual Surveillance 

The application shows a number of islands owned by the families participating in the 

application. A family can observe the degree of ecological behavior of their neighbors 

through the visualization of the sea level of the neighbors’ islands. Moreover, when a 

user reports several ecological behaviors, a speech bubble that describes what the 

user has done, appears over the corresponding avatar. Other family members as well 

as other households can read this speech bubble (Figure 1). Also, contribution of each 

family member is shown in a pie chart. The pie chart is concealed from other families 

(Figure 2). Also, the speech bubble inhibits users from cheating on the self-reporting. If 

a user reports many activities at once, other users will suspect the user of cheating 

because of the unnaturally expanded speech bubble. Then clicking on an avatar along 

the pie chart shows an activity history page as shown in Figure 3. This page shows 

each member’s eco-friendly activities within a 24-hour period.  

 

Development of Mutual Aid 

The mission in the application is to save the island by reducing the amount of 

greenhouse gas each that household emits, not a user emits. Even if one family 

member neglects reporting ecological actions for a few days due to a variety of 

reasons (e.g. catching a cold, travelling, and so on), remaining family members can 

maintain the island by reporting harder. Besides, the application prepares a remedy 

when none of the family members afford to report enough actions. The application  
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Figure 2.  Each family member contribution. 

 

Figure 3.  Each member’s activity history. 

 

offers the trading system, which is based on the same principle as the industry level 

emissions trading systems. A household that finds it easy to make significant 

reductions can sell emissions rights to households that find it difficult to make 

reductions (Figure 4). 

 

 

Combine Use of Positive and Negative Feedback 

The water around island is the most symbolic feedback in the application. When the 

sea level is low, users feel it as positive feedback. On the contrary, users feel negative 

when the sea level gets higher. Moreover, the feedback is intended to evoke the 

importance of ecological behavior by using the metaphor of sea surface elevation 

(Figure 5). Furthermore, the island decoration is another positive feedback because 

the virtual items for decorating island are used as rewards (Figure 6.) However, this 

may also effect as negative feedback when a household realizes that other islands are 

 
Figure 4.  Emission trading system. 
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more decorated than the island. Again, we cannot avoid negative feedback from the 

application in collectivist societies until excluding mutual surveillance. 

 

 
Figure 5.  Sinking island. 

 
Figure 6.  Buying virtual items. 

 

4.3 Implementation  

Figure 7 presents the overall architecture and technologies that used in our 

EcoIsland system. The client computer that is installed in each household uses Adobe 

Flash to render visualization.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7.  EcoIsland Architecture. 

 

The client offers feedback to users using data that is obtained from the EcoIsland 

web application running on J2EE server, which is implemented in Java. The mobile 
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phone client uses a normal web browser to interact with the server to report ecological 

behavior. The system is the thin-client type: data are managed in a database on the 

server side, so that the client machine stores no data. Every interaction between users 

and the system in our experiment is recorded to be analyzed. 

 

 

5. Experiment  

 

In our first user study, we recruited six families known by our laboratory members, 

e.g. their acquaintance’s families or relatives (20 persons, age 15 – 58, Male 12 and 

Female 8) who were interested in environmental issues and lived in a family. As the 

application was designed to be used in a group, all families had one or two children 

(age 15 – 24), five families had both parents, and one family had a single parent (age 

47 – 58). They used their own mobile phones for reporting eco-friendly activities. The 

experiment lasted for four weeks. In the first week, we equipped the participant’s air 

heater with a simple electricity usage meter, Ecowatt". In the first week, participants did 

not use EcoIsland. We measured ordinary energy consumption before installing 

EcoIsland. In the second week, EcoIsland was installed and only one family member 

from each household was asked to use it. In the third week, all family members used 

EcoIsland. In the last week, all family members used EcoIsland that contains emission-

trading system between families. After the experiment, we conducted a survey in the 

form of a questionnaire asking about the changes in the participants’ attitudes. All 

participants took part in our experiment gratis. 

 

5.1 Result s 

In the survey, 17 out of 20 participants said that they were more conscious of 

environmental ecology after the experiment than before. 

From the air heater electricity usage data, there was no significant correlation with 

the reported activities (Figure 8). While this is an alarming result, it reflects that the 

experiment period was short to measure the day-to-day variance in an electricity 

usage. We ran the experiment at the end of December 2007 and the beginning of 

January 2008, and the period might also be non-optimal because it is a holiday season 

in Japan. Some families were away from home for long period (pink region in Figure 

8).  

" http://www.enegate.co.jp/ 
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Figure 8.  Air heater electricity usage data. 

 

Besides, we had to consider about changes of weather conditions in the experiment 

period. Needless to say, air heater electricity usage varies according to weather 

conditions and others. During the experiment period, the biggest daily mean air 

temperature difference was 7.3 degrees Celsius (Figure 9: 10.2 degrees Celsius on 

Jan. 9th, 2.9 degrees Celsius on Jan. 23rd.) Given these factors, we could not derive 

the correlation from statistical analysis. 

 

Mutual Surveillance 

The eco-friendly activity log (Table 1) shows that participants reported eco-friendly 

activities more in the third week than in the second week (p < .05). According to the 

questionnaire, many participants answered that doing green activities with their family 

members contributed to change their environmental awareness. 14 out of 20 

participants reported that they were asked to do eco-friendly behavior from their family 

members. 
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Figure 9.  Temperature changes in Tokyo in January 2008. 

 

13 out of 20 participants felt they had to do eco-friendly behavior from watching their 

family members did eco-friendly actions. Moreover, 14 out of 20 participants reported 

that the application promoted the communication within their family. The fact supports 

that one of our strategies: “mutual surveillance” especially between family members 

could be used effectively. On the contrary, however, displaying users’ activities in a 

speech bubble had a little impact in this experiment, because the font size of the 

bubble was too small to recognize in the current application, which was pointed out by 

four participants. 

 

Household A B C D E F 

2nd week 99 46 21 11 26 97 

3rd week 132 53 20 16 52 141 

Table 1.  The number of eco-friendly activities one participant in each household reports. 

 

People tend to compare themselves to the others especially when they are looking at 

the same goal. 12 participants reported that they cared about the sea level of other 

islands. Some participants said that a user had a feeling of superiority if another 

person’s achievement was less than the user’s achievement. This suggests, we think, 

mutual surveillance effects a promotion of competition with others even in collectivist 

societies. 
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Mutual Aid 

The target reduction of CO2 emissions was fixed to 6 % of the average Japanese 

CO2 emissions (Japanese government conducted a campaign against global warming 

aimed at cutting greenhouse gas emissions by 6 %). 10 participants expressed that 

the target was easy to be accomplished, but 5 said it was somewhat difficult. 

In this experiment, however, only 2 out of 6 household (this means only 1 pair) used 

the emissions trading system. Participants mentioned that it was confusing and not 

necessary. This was simply because the participants who achieved the target 

reduction without difficulty earned enough EcoPoints already. So most participants had 

no reason to use the trading system. The cause of the failure was that participants 

could not work other economic activities to earn EcoPoints in the application unlike 

real emission trading systems. 

 

Combine Use of Positive and Negative Feedback 

19 participants said that the feedback of sinking virtual island contributed to the 

change in their attitudes, which proved that even negative feedback made a 

satisfactory effect. However, the application could not encourage intrinsic motivation 

for eco-friendly activities, since some participants said that they felt motivated by 

explicit incentives, such as saving their sinking virtual islands (19 participants), 

purchasing virtual items (14 participants) and amassing EcoPoints (14 participants) 

rather than ecological reasons. Though this is an extrinsic reason, this must be an 

important motivation in getting started for continuous use of the application. 

14 participants mentioned that earning EcoPoints by reporting eco-friendly activities 

contributed to behavior modification. They said that buying virtual items and decorating 

his/her island increases the motivation for acting eco-friendly activities. From 

interviewing, we found that some participants felt earning EcoPoints itself was an 

incentive while others felt collecting virtual items was an incentive. 

 

 

6. Findings from the Experiment  

 

6.1 Cooperation, Competition, and Sense of Pride  

In our experiment, we observed that our strategies promoted double-barreled effects. 

One is cooperation with other participants, and the other is competition between 

participants. While the application showed other families’ status as the sea level, pie 
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chart, and speech bubbles in order to promote aiding others, at the same time, the 

situation may provide the other family with a sense of inferiority. However, interesting 

point here is that no participant felt a feeling of strangeness in the coexistence. No 

participant abandoned our experiment. On the contrary, from the results of our 

questionnaire, participants reported that sea levels of other islands as well as 

cooperation with family members motivated them to behave in more sustainable way. 

Consolvo and colleagues (2009) emphasized that offering negative reinforcement or 

punishing should be avoided in order to sustain the individual’s interest without making 

her feel too bad or it runs the very real risk of being abandoned. From our experiences, 

however, offering only such serene and fine feedback tends to get participants bored. 

Naturally, it takes long time for people to achieve the goal that persuasive application 

set (if not, persuasive application is not needed). If using a persuasive application ends 

up a routine work, the user would get bored with the application soon. Thus we believe 

that persuasive application must try various expedients to keep users from getting 

bored. Though promoting cooperation or competition itself is not the purpose of 

persuasive application, it is necessary feature for users to continue using application 

for long periods. 

On the other hand, we should avoid excessive use of sense of pride in collectivist 

cultures. Mankoff and colleagues (2007) suggested a SNS web page design to show 

how a user reduces CO2 emission in his/her profile page. In fact, this may show the 

user stand out from the others, but this may not motivate others to do more. On the 

contrary, the user may be considered not to be in the same group. 

 

6.2 Design for Feeling Closer to ÒCommonsÓ  

As we mentioned earlier, environment concern is one of the typical examples of the 

tragedy of the commons. To date, many solutions to the tragedy of the commons have 

been argued. One solution is to convert a common good into a private property, giving 

an incentive to the new owner to enforce its sustainability. Our approach used in the 

EcoIsland was similar to this solution. We introduced a virtual island shared by a 

household as an asset worth protecting. Participants were required to do ecological 

actions in exchange for decorating their islands. 

What the notable point here is that participants were motivated even though the asset 

was not real thing. Though it is difficult to choose the solution in real world unlike 

common meadow because it is impossible to slice CO2 emissions like a pizza, it 

seems useful to make the link between real action and virtual change. 
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Figure 10 . Activity report page. 

 

6.3 Teaching Proper Behavior  

As we mentioned earlier, we adopted self-reporting style in the application (Figure 

10). 4 participants mentioned that the self-reporting was somewhat burdensome 

because of the need to input activities manually every time. In fact this is true, and it is 

one of the issues that we need to make it to be improved. However, it does not simply 

lead that the sensor-based detection is the best way. Results in the experiment shows 

that presenting activities in a list was useful for teaching what kinds of activities were 

eco-friendly. Although we recruited the participants who were interested in ecology, 16 

out of 20 participants did not act any activities that were not specified in the activity list. 

This means that it was necessary to show users eco-friendly activities in order to 

motivate behavior change. In addition to getting interested in environmental 

sustainability by using this application, the increase of the knowledge about 

sustainability is considered to come from the list shown directly to the users. It enabled 

users to educate the importance of the activities that they did not know before. 15 out 

of 20 participants expressed that their knowledge about green activities has increased, 

which could not be possible if the system uses the sensor-based detection. This was 
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not explored well because most of the target behaviors that existing persuasive 

applications have been motivated are not so difficult to do without special knowledge. 

 

 

7. Future Possibilities  

 

7.1 Experiments in Individualist Societies  

We have not conducted an experiment in individualist society. Naturally we recognize 

the need for re-designing the application and conducting the experiment. Though we 

designed the EcoIsland especially for collectivist cultures, we think some ideas used in 

EcoIsland can be applied to individualist society. For example, design for feeling closer 

to commons must be strongly desired in individualist society. We feel offering negative 

feedback in moderation may function as both promotion of target behavior and keeping 

interest in the application. In contrast, we cannot expect how effective the first and the 

second strategies, organizing group and anonymity. 

There is a popular green application on Facebook, named “I Am Green#”. The 

application gives a user a leaf after the user do an ecological action, which feature is 

similar to our application. However, the application has another feature that promotes 

a user to call for others to be engaged in the green activities in order to leverage social 

influence (Figure 11). Also this application shows the number of leaves on the user’s 

profile page. This feature is definitely contrary to our design strategies. Though it is 

difficult to make collectivist people (such as Japanese) use this application due to the 

linguistic barrier, it is absolutely essential to conduct a comparative experiments. 

 

 
Figure 11 . “I Am Green” screen. 

 

7.2 Psychological Consideration of Group Feedback  

There have been some psychological researches about group feedback. But most of 

them could not draw conclusions on the effects of group feedback alone. For example, 

Slavin, Wodarski and Blackburn (1981) showed that group contingency can reduce 

electricity consumption in master-metered apartment buildings. In this research, 

participants received a reward as well, so not all of the effects could be accounted for 

# http://apps.facebook.com/iamgreen/ 
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by group feedback. Though our experiment also gave EcoPoints as rewards (even 

virtual currency), it is easy to change the application setting not to give rewards. Even 

if a group performs better without rewards, the result must make an impact in 

psychological research. 

 

7.3 Introducing New Technologies  

One of the basic persuasion techniques mentioned by Fogg (2003) is providing a way 

to bypass complex procedures. However 4 participants mentioned that the self-

reporting was burdensome because of the need to input their activities manually. 

Though it is difficult currently to introduce automatic activity detection because target 

activities are complex and wide-ranged, we need to investigate lightweight methods to 

report activities combined both implicit sensor-based interaction and explicit interaction 

like current self-reporting (Mankoff et al., 2007). 

 

 

8. Conclusion  

 

In order to develop an effective persuasive application that promote public interests, it 

is effective to take into account cultural differences. We extracted five design 

strategies for persuasive applications that promote public interests in collectivist 

societies. These strategies are: 1) organizing groups, 2) anonymity, 3) mutual 

surveillance, 4) development of mutual aid, and 5) combine use of positive and 

negative feedback. We developed a persuasive application for encouraging users to 

reduce CO2 emissions in order to demonstrate how the five strategies were applied. 

From our experiment, we confirmed that mutual surveillance and combine use of 

positive and negative feedback worked effectively. Especially, significant feature in the 

experiment was that combine use of cooperation and competition worked for keeping 

interests in the application for long periods, and our design made users feel closer to 

CO2 emissions with using virtual assets and EcoPoints especially in the early stage. 

Our work needs to be further explored over a longer period of time and families in 

different profiles, and to conduct a comparative experiment in individualist societies. 

Some design strategies including mutual surveillance that effects a promotion of 

competition could be useful also for individualist societies. Therefore we will extend our 

design strategies that take into account individualist societies. 
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ABSTRACT 
There are many routes to reduce one's energy footprint, ranging from picking the right 
means of transportation to switching off the heating when leaving a room to choosing sea-
sonal local food. Many of these options, however, cannot be selected in an automated fash-
ion, but require a deliberate decision. Pervasive computer systems may support this pro-
cess, acting as personal energy conservation assistants. Such solutions can be character-
ized by a range of properties including the degree of obtrusiveness, data privacy, and coor-
dination with utilities or domestic power generators. Along with discussing dimensions of the 
design space, this paper points out existing approaches and avenues for future research. 
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1. Introduction  

 

Computers may support sustainable behavior through automated control or through 

suggesting appropriate choices to the human, based on the specific context. Currently, 

a large number of projects address the efficient use of energy, in particular concerning 

“Smart Grid” solutions (Ipakchi & Albuyeh, 2009) in which users or “intelligent” appli-

ances are supposed to take into account which power generation capabilities are 

available at the given moment of time. This is particularly important due to the lack of 

storage for the highly intermittent power generated by wind turbines and photovoltaic 

systems. 
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This paper is concerned with mapping out the space of design options to build com-

puter-based systems that help individuals or households to reduce their energy foot-

print, here termed personal energy conservation assistants. These comprise solutions 

ranging from digital power meters to heating control systems to applications for mobile 

phones that suggest local produce (Li, Chen, Wang, & Baty, 2009). This paper looks at 

the overall concept of such solutions; it is not concerned with details of software design 

and system architecture. In the vocabulary for energy-conserving interactions intro-

duced by Pierce, Schiano and Paulos (2010), all five options are addressed: cutting, 

trimming, switching, upgrading, and shifting. A computer-based system may cut or trim 

power consumption fully automatically; it may suggest switching, upgrading, or shifting 

to a human. 

DiSalvo, Sengers and Brynjarsdóttir (2010) find five “genres” of research topics in a 

survey of literature on sustainability and human-computer interaction (HCI): persuasive 

technology, ambient awareness, sustainable interaction design, formative user studies, 

and pervasive and participatory sensing. In addition, they describe major “axes of dif-

ference” such as seeing sustainability as research focus versus seeing it as an appli-

cation area. Finally, they point out emerging issues for sustainable HCI. All of this 

helps shaping future research, but is not directed toward facilitating the design of actu-

al applications. 

In an earlier literature survey, Goodman (2009) looks into three “discourses” concern-

ing environmental issues in research on human-computer interfaces: sustainable in-

teraction design, re-visioning consumption, and citizen sensing. This, too, is remote 

from the design of actual applications. However, in the first point, i.e. sustainable inter-

action design, Goodman (2009) mentions three main design directions: “systems that 

provide information relevant to the sustainability of goods and services [!], visualiza-

tions of resource consumption [!], persuasive applications, such as games.” This in-

dicates a design decision to be made. The current paper aims at focusing on such de-

sign decisions. HCI is only seen as means to an end. Most of the solutions comprise 

human-computer interfaces; some, however, may not possess any direct human-

computer interface at all. 

This paper puts forward the following three main usages of personal energy conser-

vation assistants, as will be detailed in Section 2: 

• Information 

• Advice, persuasion 

• Automation 
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A single system may address one or several of these three usages. For each of 

them, a given system can be characterized through several aspects, to be detailed in 

Section 3: 

• Control targets 

• Data sources 

• Data processing 

• User interface modalities 

• Data and control sharing 

Table 1 shows the resulting grid of design decisions. Section 4 gives examples of this 

grid in action. Section 5 concludes this paper. 

 

Aspects 
Usages 

Control targets Data sources Data processing User interface 
modalities 

Data and 
control sharing 

Information      
Advice, Persuasion      
Automation      

 
Table 1. The usages on the vertical axis and the aspects on the horizontal axis form a grid of 

fundamental design decisions. Note that the distinction between “Information” and “Advice, Per-
suasion” may be gradual (see Section 2). 

 
 

2. Three Usages 

 

The most prominent of the usages—and typically also the one easiest to imple-

ment—is to provide data to the user, best in such a way that it constitutes not only 

bare data but builds information meaningful to humans (Rowley, 2007). This can refer 

to the current time such as a power meter reading, to history such as the neighbor-

hood's power consumption in the past five years, or to future developments such as an 

estimate of the expenses a certain appliance will cause per year or the amount of lo-

cally available photovoltaic power based on a weather forecast. 

The system may not only passively provide data; it may also become active in the 

sense of automation. Instead of relying on the user to react to the data, the system 

may take action on its own, for instance turn off the heating when a window is open. 

Whereas automation may reach so far as to eliminate any standard human-computer 

interface, the designer will in most cases be wise to allow some degree of user inter-

vention. Maybe, the heating is on while the window is open because there is a person 

lying sick in bed. 
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There is an interim stage between active (automation) and passive (information): ad-

vice. Here, the system interprets the data on its own and presents a recommendation, 

to which the user may or may not adhere. The output may be as basic as switching on 

a red traffic light (Strengers, 2008). Persuasive systems (Fogg, 2003) are related to 

systems that provide advice in that they urge the user to take a specific action—though 

by persuasion such as games (Gustafsson, Katzeff, & Bang, 2009) and hence less 

neutral and/or through a less direct means. Hence, this paper argues for placing per-

suasion and advice in the same category. A specific focus of persuasive approaches is 

to cause long-term effects on the user’s actions such as preferring taking the bus to 

going by car. Nevertheless, long-term effects may also be present when the same 

suggestion is given in neutral terms, as an advice. For a survey of behavior models 

and motivation techniques concerning energy use see He, Greenberg and Huang 

(2010). Froehlich, Findlater and Landay (2010) look into how both HCI and environ-

mental psychology address eco-feedback. 

The decision whether a specific output of a system is to be considered information or 

advice or an attempt to persuade may become blurry at times. A more complete, but 

often too sophisticated representation would involve a continuous scale that measures 

the subjectivity or the amount of interpretation present in the feedback given to the us-

er. 

Systems may support one or several of the three usages. This may happen in paral-

lel: for instance, a less critical appliance such as a freezer may be controlled fully au-

tomatically, whereas the same system only suggests starting the washing machine at 

a certain point of time because there are enough photovoltaic power and solar-heated 

water available. The three usages may, however, also occur in an escalating se-

quence that starts with a message about an open window and ends with the system 

shutting down the heating in that room. 

 

 

3. Five Aspects 

 

Each of the three usages (information; advice, persuasion; automation) can be char-

acterized further. As it turns out, one can employ the same four groups of properties 

for every usage. In this paper, these groups of properties are termed aspects, sticking 

to the terminology of aspect-based programming (Filman, Elrad, Clarke, & Aksit, 
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2004): there as well as in this paper, aspects crosscut the core concerns, which in this 

paper are the three usages. 

 

3.1 Control Targets 

This basic aspect concerns what can be controlled either automatically or by a hu-

man operator informed by the computer: the setting of the air conditioning, which 

means of transportation to choose, which kind of food to buy, etc. The control targets 

are often determined through the basic task, such as optimizing a heating system, and 

seem not to be open to design. On close inspection, however, surprising design op-

tions may become visible. For instance, the optimization of a heating system could in-

clude advising the resident to go to work an hour earlier than usual. 

 

3.2 Data Sources 

The most vital aspect to be designed describes the data sources on which the infor-

mation output, the generation of advice, or the actions of the automation are based. 

Abstractly speaking, these data may stem from three different realms: power genera-

tion, power use, and context. Data pertaining to power generation may comprise the 

current capacity of a domestic photovoltaic generator as well as a forecast concerning 

wind power from off-shore sites. Power use data comprise the now-classic electronic 

power meter reading (Fischer, 2008) and the current miles per gallon (MPG) rate of a 

car. Whether or not a resident is at home or whether or not this day is a holiday are 

examples for data describing the context. These data include statistics collected in the 

past, measurements that reflect the current state, and forecasts of the future. 

There is a plethora of ways to collect such data. The basic solution is input from the 

user via keyboard and screen, be it on a dedicated device, a standard computer, a 

mobile phone, or an extended TV set. This includes the manual input to receive sug-

gestions from Microsoft Hohm (www.microsoft-hohm.com). Data from humans, how-

ever, may also consist in advice or persuasive feedback from Web-based social net-

works such as the one described by Qiao, Liu and Guy (2006). 

Data collected automatically may stem from smart power meters, possibly distributed 

throughout the home such as with digitalSTROM (www.digitalstrom.org) or other low-

cost solutions (Quintal, Nunes, Ocneanu, & Berges, 2010). Sensors mounted in the 

home do not only target the consumption of electrical power. They include temperature 

sensors, motion sensors, cameras, microphones (De Silva, 2009), and even a pres-

ence detector in the TV set (Ariizumi, Kaneda, & Haga, 2008). Likewise, in a mobile 
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setting, one may look into engine performance data (Won & Langari, 2003) of a car 

and leverage the accelerometer circuits in mobile phones and notebook computers. 

Other data can be collected automatically from outside networks. Weather forecasts 

and power market data are available on the Web. The local utility company may offer 

on online service with real-time data for time-of-use pricing. Outside data may concern 

the immediate neighborhood as well as larger regions; they may for instance be pro-

vided by a local utility company, by large-scale services such as Google Power Meter 

(www.google.org/powermeter/). This does not only concern data on power; schedules 

and real-time data for public transport (Ferris, Watkins, & Borning, 2010) belong to the 

same group. 

 

3.3 Data Processing 

This aspect refers mostly to the amount of “intelligence” present in the system. A 

basic system will operate entirely on strict rules, such as switching off all lights in the 

home one minute after the user has picked up his or her key from its hook. A smarter 

system may have learned that if this happens at 7 a.m., the user will return after two 

minutes (because he or she has just fetched the newspaper from the mailbox). Learn-

ing, adaptation, and forecasting may happen through a huge variety of methods, with 

(Qiao et al., 2006) or without feedback and/or supervision by the user. 

There is a catch, however: A system with shallow intelligence may be easy to under-

stand and to handle; a sophisticated system may vex the user if it requires microman-

agement of dozens of parameters or if it acts in an unpredictable fashion. One option 

to deal with this issue is to let the system be rule-based, but let it guess new rules and 

present them to the user for inspection, such as in the “Smart Home Energy Assistant” 

developed at TU Berlin (http://energy.dai-labor.de). This signifies a shift from instance 

control to pattern control (Koskela & Väänänen-Vainio-Mattila, 2004). In a similar vein, 

a recommender system can suggest algorithms for building automation (LeMay, Haas, 

& Gunter, 2009). 

The level of abstraction afforded by the system becomes clear when one looks into 

questions such as these: Are data given in their native units such as watts or are 

they—reliably?—converted to more meaningful quantities such as a price or an 

amount of greenhouse gases? Are rules to be formulated in terms of signals (e.g., the 

sunshine is strong enough for the domestic photovoltaic system to generate 2 kW of 

power) and controls (e.g., turn on the washing machine) or can rules be given on a 

level closer to the human understanding? (E.g., “Run the washing machine on renew-
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able energy!”) Is it possible to define high-level goals (e.g., “Save as much money as 

possible!” or “Do the washing within 24 hours as much environmentally friendly as 

possible!”) instead of defining the rules that underlie them? 

 

3.4 User Interface Modalities 

The aspect of which type(s) of user interfaces are being employed encompasses a 

huge range of subordinate design choices. Looking at the specific case of energy dis-

plays in the home, Fitzpatrick and Smith (2009) discuss design choices concerning the 

four domains of metrics, frequency, granularity, usage comparison. 

In a broader view, one may start by asking if there needs to be any interface at all 

and, if so, which senses (vision, hearing, haptics, etc.) are to be supported. A broad 

variety of vision-based interfaces have been suggested to display power consumption, 

reaching as far as painting the electrical devices with a corresponding color in aug-

mented reality (Lapides, Sharlin, & Greenberg, 2009). The use of auditory interfaces 

seems to be underdeveloped in this domain. Tangible robotic objects such as a car-

toon cat that frowns about a poor setting of the washing machine (Midden & Ham, 

2009) may form a mixed category. Interfaces may support mobility (Weiss, Mattern, 

Graml, Staake, & Fleisch, 2009) or may be accessed only from a specific location. This 

location—such as that of a control screen for a building management system repre-

sents yet another design choice. 

Interfaces can be sober and factual such as an MPG display in a car or they can be 

similar to pieces of art, like most ambient data displays are (for an exploration into this 

topic see Pierce, Odom, & Blevis, 2008). Kim, Hong and Magerko (2010) compare a 

factual display to an ambient display aiming at reducing the idle time of computers. 

Ambient interfaces often are “slow interfaces”—such as a lamp that starts to open 

like a flower to indicate environment-friendly behavior (Mazè, 2010). In addition, ambi-

ent interfaces tend to be subliminal and unobtrusive—unlike the notorious Office Assis-

tant “Clippit” of Microsoft Word 97 and unlike room illumination that turns itself off when 

nobody is moving for a minute. An escalating response of the system may start with a 

faint signal and then become obtrusive over time. 

 

3.5 Data and Control Sharing 

Given the history of computer viruses, shady Internet-based businesses, and large-

scale privacy breaches, any design of a personal energy efficiency assistant has to 
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make and enforce transparent decisions which data and which controls are shared 

with whom. 

It has been known at least for a decade that detailed power consumption data lend 

themselves well to the discovery of usage patterns (Drenker & Kader, 1999) and life 

styles. For instance, the data easily indicate when somebody is at home and with little 

more processing allow to determine if a resident is self-employed. Even more privacy 

concerns exist with more advanced data. Social Web sites such www.wattzon.com 

and www.stepgreen.org, however, pose the usual threats known from the Internet in 

general—as long as they only deal with coarse-grained consumption data. 

Systems that provide data to the user may be prone to spoofed data. Systems, how-

ever, that can directly control electrical or mechanical devices pose an essentially new 

security threat. Many smart grid scenarios incorporate the notion of a utility company 

controlling appliances remotely. It is conceivable that an attacker may exploit such 

pathways for instance for extortion or stalking. 

 

 

4. Application Examples 

 

This section looks into specific examples to demonstrate the proposed grid of design 

choices in action. The first example is very lean: the Power-Aware Cord (Gustafsson & 

Gyllenswärd, 2005). Here, glowing threads in a power cord are used to indicate power 

usage, see Table 2. The second example is a full-fledged home energy management 

system, as demonstrated in Simon Fraser University’s North House and West House 

(Bartam, Rodgers, & Woodbury, 2010), see Table 3. To show that the range of possi-

bilities is not quite exhausted today, Table 4 contains the choices for a hypothetical in-

tegrated kitchen system, which not only shaves energy through smart-grid technology, 

but also helps the resident to choose and buy (or even grow?) food that both is healthy 

and has little environmental impact. 

 

Aspects 
Usages 

Control targets Data sources Data processing User interface 
modalities 

Data and 
control sharing 

Information Power consump-
tion 

Real-time power 
consumption 
measurement 

Conversion of the 
current power 
consumption to a 
light intensity or a 
flow pattern 

Visual, ambient, 
located at the 
device to be con-
trolled 

None 
 Advice, Persuasion 

Automation None None None None None 
 

Table 2. Choices made in the Power-Aware Cord. 
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Aspects 

Usages 
Control targets Data sources Data processing User interface 

modalities 
Data and 
control sharing 

Information Heating, lighting, 
use of applicanc-
es and enter-
tainment systems 

Smart meter, so-
lar energy pro-
duction, diverse 
sensors 

Report genera-
tion 

touch panels, 
mobile devices, 
PC 

Comparisons 

Advice, Persuasion Conversion of 
data to light ef-
fects 

Ambient display Challenges and 
competitions 

Automation Hierarchical con-
trol model 

Physical controls, 
PC, touch pan-
els, mobile de-
vices 

None 

 
Table 3. Choices made in North House and West House. 

 
 

Aspects 
Usages 

Control targets Data sources Data processing User interface 
modalities 

Data and 
control sharing 

Information Food preparation 
procedures 

Scales etc., dura-
tion and tempera-
ture data from 
the stove 

Stepping through 
finite state ma-
chines 

Kitchen back-
splash screen, 
ambient auditory 
signals 

None 

Advice, Persuasion Choice of dishes 
and ingredients 

Web services, 
inventory of food 
stored in the 
home 

Recommender 
system 

Web page for 
mobile devices 

Social Web site 

Automation Scheduling of 
oven and fridge 

Diverse sensors, 
e.g. for the 
fridgeÕs content 

Optimization Touch panels on 
appliances 

Smart Grid 

 
Table 4. Choices made in a hypothetical integrated kitchen system. 

 
 

 

5. Conclusion and Outlook 

 

This paper has described salient design dimensions for personal energy efficiency 

assistants. To engineer such a system, one may start by collecting requirements and 

then decide which of the usages are to be supported and how each aspect of each us-

age is to be implemented. The set of requirements will include the affinity of the pro-

spective users to computer systems, the general state of health of the users in the 

spirit of ambient assisted living, and the motives of the users such as wanting to feel 

comfortable, to save money, or to be friendly to the environment (Dillahunt, Mankoff, 

Paulos, & Fussell, 2009; Chetty, Tran, & Grinter, 2008). 

Further research can aim at deepening and validating the design dimensions. Inves-

tigations into novel options in a given design dimension may bear particularly surpris-
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ing results. For instance, personal finance data is an underrated data source to esti-

mate one’s impact on the environment (Schwarz, Mankoff, & Matthews, 2009). 
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ABSTRACT  
Individuals are now often presented information about greenhouse gases in their everyday 
life. However, there seems to be a gap between this increase in the exposure to carbon 
dioxide information and the understanding of how to interpret it, making behavioral change 
difficult. This article presents examples of how different applications have dealt with this 
problem by representing the carbon dioxide information in different ways. Based on the 
existing examples, an application called carbon.to was developed and released. This service 
tries to improve the understanding of carbon dioxide information by simulation in a playful 
way. Feedback from the users points towards that the gap in understanding existed and that 
carbon.to was successful in helping closing it. 
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1. Introduction  

  

Climate change and carbon dioxide emissions have become a part of the public 

debate in the last years. An inflexion point can be seen during 2007 when An 

Inconvenient Truth, a documentary about global warming starring Al Gore, won the 

Academy Award (Gorman, 2007), and when Al Gore and the Intergovernmental Panel 
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on Climate Change shared the Nobel Peace Prize (Nobel Foundation, 2007). This 

spreading of climate change in the media is reflected in the increased public 

knowledge about the subject. Carbon dioxide, a term mostly used in biology and 

chemistry, has become an everyday word and individuals are now often presented 

information about greenhouse gases in their everyday life (see for example Figure 1).  

 

 

Figure 1.  Max burger menu indicating 1.9kg CO2 per meal (Max, 2010). 

 
However there seems to be a gap between this increase in the exposure to carbon 

dioxide information and the public understanding and interest of how to interpret it and 

act upon it. Most individuals are, indeed, familiar with the concepts of climate change 

and carbon dioxide emissions (Whitmarsh, Seyfang, & O’Neill, 2010) and in Sweden it 

is estimated that hundred percent of the population is familiar with climate change and 

global warming (Naturvårdsverket, 2008). However, when presented with quantitative 

carbon dioxide information they are unable to make a connection between carbon and 

their personal actions whereas the role of the industry is often given much more 

importance (Lorenzoni, Nicholson-Cole, & Whitmarsh, 2007).  

Our hypothesis is that people lack understanding of carbon dioxide information and 

ability to connect it to everyday decisions. This understanding could be improved by 

using different persuasive technology techniques. 

The aim of this article is to study the ways to improve the understanding of CO2 

quantitative information through the use of computer tools.  

This article follows a design-oriented method. Based on a problem area and the 

existing solutions a real life intervention is designed, developed, and released to the 

public. The feedback from the users is gathered to contribute to the improvement of 

the next iteration of the application. This methodology originates from traditions in 

design research (Brown, 1992; Hoadley, 2004; Barab & Squire, 2004). Persuasive 
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Technology and Captology (Fogg, 2003) is used as the theoretical base for the 

computer based behavioral change intervention. 

The objectives of the design process are:  

• Identifying the problem area.  

• Collecting existing examples. 

• Designing and implementing a design intervention  

• Testing the intervention and gathering feedback. 

• Proposing the next research questions based on the results. 

 

 

2. Pre-study  

 

The first step in the design process was to explore existing examples of 

representation of carbon dioxide information; different efforts for making the 

information easier to understand:  

• Dopplr1 presents the emissions graphically in bars so it is easier to see the 

scale differences. In Figure 2 for instance the difference between train trips 

(the very short bars) and a long flight (long bar at bottom) can be seen clearly. 

• WWF carbon calculator (WWF, 2010) presents the result in relation to how 

many planets would be needed if everyone lived like the user. It uses a 

normative baseline as a recommended goal (living under "one planet" 

footprint) and the carbon information is presented in relation to it. 

 

 
Figure 2.  Dopplr (left) and WWF (right). 

 

• Leake and Woods (2009) published that two searches on Google accounted 

for 7 grams of CO2, as much as boiling water for a cup of tea. The story was 

refuted, but the use of the analogy of the cup of tea was a success, making 

                                                
1 A service for travelers where the emissions of all your traveling can be calculated. See http://dopplr.com  
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the information much easier to grasp. The story was also used as headline for 

later articles as "A Google or a Cup of Tea: which warms the globe the most?" 

(Treehugger, 2009). 

• Volkswagen (2010) uses an iPhone application to demonstrate how little their 

new eco-fuel model emits. The user blow in the microphone and it calculates 

how many kilometers the car can travel emitting the same CO2 as the 

breathing contains.  

• Dopplr, in its yearly report that it sends to its users, compares the total carbon 

footprint with how much driving a Hummer during a year emit (see Figure 3).  

• Jazzcalculator2 a web service also from Volkswagen follows the same 

concept. It compares the CO2 emitted by driving a Volkswagen to the number 

of hours that a jazz band needs to play for emitting that (based on the 

breathing volume). For instance a trip of 200km emits 4,14kg of CO2 that 

equals 6:56 hours of jazz jamming (see Figure 3).    

 

 
Figure 3.  Dopplr Hummer (left) Volkswagen jazzcalculator (right). 

 

Most of the examples above have in common that they translate carbon dioxide into 

other units that could be more easily grasped. These alternative representations try to 

get around the fact that quantitative carbon dioxide information is difficult to grasp and 

to put in context. By using representations that users can relate to – things and actions 

encountered in everyday life  – a greater understanding of climate impact is expected. 

 

 

3. Method  

 

                                                
2 Available online at: http://www.jazzcalculator.com/ 
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Based on the previously explored examples we designed and built an intervention to 

make carbon information easier to understand. The design solution gave us the 

opportunity to test our ideas as well as getting feedback from users. We created a web 

service called Carbon.to3 that allows users to improve their understanding of carbon 

emissions in a playful way by providing the possibility to convert and compare between 

different units. The units are carbon footprints of different everyday products and 

services such as kilometers by car or number of bananas. The idea is similar to the 

presented concepts transforming CO2 information into equivalent representations, but 

allowing the user to choose the units and quantities for a more dynamic and personal 

experience. The application was programmed using Ruby on Rails4 and the source 

code is released as open source5. 

 

 

Figure 4.  Screenshot from application. 

  

When the application starts, it displays 1 kg of CO2 in a random unit (see Figure 4). 

The user can add or subtract, and compare any two units with each other. For 

example it is possible to see how many mobile charges that are required to emit the 

same amount of CO2 as flying for 5 hours. The application converts between 23 

different units.  
                                                
3 Available at http://carbon.to 
4 More information at: http://rubyonrails.org  
5 Source code is available at: http://github.com/hinke/Carbon.to  
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The application emphasizes that there are uncertainties about the calculations. This 

is represented by the use of the symbol ! instead of equal, and explained further in the 

available references6. 

 

3.1 Designed persuasion techniques  

The intent of carbon.to is to increase the understanding of carbon emissions through 

a learning process by simulation. The users compare different choices and different 

products by playing with the units. This helps the user to explore the cause-and-effect 

relationships and works as a simulation for the real moment of decision. The use of 

computers as simulation tools is one of the key features in computer-enabled change 

of user behavior and attitudes (Fogg, 2003). Simulation is a powerful form of 

persuasion technique because it persuades in a subtle way, without seeming to 

preach. The persuasion effect is thus embedded in the design. Following Fogg’s 

(2003) persuasive technology framework the main principles at work are: 

• Principle of Virtual Rehearsal: The tool enables experimentation without 

consequences. Users can compare different footprints and behaviors while 

not emitting. 

• Principle of Cause and Effect: The intervention is designed to show clearly the 

link between cause (behavior) and effect (CO2). 

 

3.2 Data gathering  

The intervention was released to the public on September 2009 and it was 

announced using social media. The study does not include any mechanism that allows 

the authors to control the included subjects. One could argue that the characteristics of 

the subjects are part of the result and they will be presented as such. 

During its first year it has received more than 7500 visitors from 76 different 

countries, most of them coming from blogs7 and social media sites as Twitter8 and 

Facebook9. These channels provided also a direct feedback connection, where the 

users wrote about their experience with the services and their opinions. Most of this 

social feedback was gathered from the first weeks Carbon.to was online. 

A logging system was programmed into the application to get detailed information of 

the usages. It saves each interaction (any time the numbers change, as when 
                                                
6 The references for the units are publicly available at: 
http://docs.google.com/View?id=dcqj9r34_206vr9hpqg8 
7 For instance from: http://eco.microsiervos.com/practico/calculadora-equivalencias-emisiones-co2.html 
8 http://twitter.com  
9 http://facebook.com  
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changing units or increasing and decreasing the values) in a SQL database. The 

logging system was released in May 2010 and it is still running, getting more than 

thousand interactions per day. 

 

 

4. Results  

 

The data gathered from Carbon.to are of two different kinds. The logs give us very 

detailed information about what users have done in the site, what they have compared, 

and how much have they clicked. The social media feedback, on the other hand, gives 

us a glimpse of what users thought of the site and what did they find interesting. 

 

4.1 User logs  

After six months (May 2010 to November 2010) it had recorded more than 100000 

interactions from 2800 users. Real time statistics can be accessed online10. The user 

logs shows the most compared units (the initial comparison that is randomized is not 

included) are shown in Figure 5. 

 

 
Figure 5.  Logs from carbon.to for six months. 

 

                                                
10 Live statistics: http://carbon.to/showlog  
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The results have been consistent over time. It can be easily seen through comparing 

the previous graphic with the preliminary results after just one month (logged in May 

2010) (see Figure 6). 

 

  

Figure 6.  Log for one month (left). Log for six months (right). 

 
From the logs we draw the following conclusions: 

• Users were very active on the site, changing units and playing with the 

numbers. The average number of interactions is nearly 40 per user. 

• Most interactions (roughly a third) were comparisons between CO2 and 

something else, while comparisons between two different units were less 

popular. 

• Car was by large the most used unit. Other popular units are flights (hour and 

kilometre), hours using a lightbulb and hours using a laptop. Food units were 

less popular. 

 

4.2 Social media  

The feedback from real users was the key for evaluating the effectiveness of the 

effort and for the input to the next iteration of the design process. Most valuable were 

the reactions from Twitter11. Most responses including a link to the site were mainly a 

way of people to share the link with the followers, for instance: 

 

 
fairandbare: “Here’s an interesting app converting carbon into units you might actually understand!” 

 

There were some comparisons that surprised the users because the unbalance in the 

impact. For instance beef is known to have a high climate impact, but it's when in 

                                                
11 All the “tweets” linking to carbon.to were found at: 
http://www.backtype.com/domain/carbon.to/conversations  



Comparing Footprints for Better CO2 Understanding 
 

 51 

comparison with another unit as travelling by train where the size of this impact can 

really be seen. Comments included the following:  

 

 
jant: “1kg beef " 2542 cups of tea” 

 
torbjornvatn: “2 kg beef generates as much CO2 as 735 km in train” 

 
frdrk: “2 hours flying " 36kg beef " 13639 carrots” 

 

Other activities that had the same effect were salmon and flying with tweets like: 

 

 
ricardobeat: “1 hour flying " 9 years running a fridge!” 

 
tonluong: “2141 carrots " 5kg salmon, who knew!” 

 

Some comparisons were appreciated just as entertainment, for instance: 

 

 
lasern “55 Bottles of beer  "  132 bananas? Hilarious” 

 

Even if this feedback is not from a controlled source it provided us with several 

interesting ideas for future development: 

 

• In general people liked the application and thought it was fun to use . This 

"fun" factor was one of the things we tried to generate from the design 

process, including units as bottles of beer. This makes the figures less 

intimidating and more fun, which contributes to making carbon impact less 

abstract.  
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• The users were surprised by the relationships between different 

emissions , for instance the high impact of beef. We think that this have a 

positive impact in the users understanding of carbon dioxide information. 

They learn or confirmed that beef has a high carbon footprint, but they did it 

through their own interaction, not only by reading, but as an embodied 

experience of trying and playing.   

 

 

5. Discussion and conclusions  

 

The aim of this article was to get a deeper knowledge of the ways to improve the 

understanding of carbon dioxide information. As the importance of global warming has 

grown rapidly, there is a gap between the public awareness and the skills needed to 

act in accordance. Carbon dioxide information is difficult to understand since it is 

presented through several layers of abstraction. This article explored different 

strategies that have been used to overcome these difficulties such as having a 

baseline and comparing or translating with other units. 

From this problem domain and the existing strategies we developed carbon.to as an 

intervention to improve carbon literacy. The site provides people with a tool to help 

them  improve their understanding of carbon dioxide information through a process of 

play and simulation. Following a design approach we developed the service and 

released it in an early stage, getting feedback from real users through their interaction 

with the site and their responses from social media.  

The users were mostly people arriving via the social media channels where carbon.to 

was released. No other characteristics of the users were gathered. They were most 

likely experienced Internet users and not uninterested in environmental issues. Most 

importantly, they represent the potential users of carbon.to, since they choose to click 

on the link and interact on the site. Therefore, their comments are valuable and 

interesting information for the developers. We argue that this method of getting 

feedback is successful both in providing data as well as getting candid responses.  

In terms of impact, the intervention is a success with several thousand visitors 

coming from seventy different countries, and activity around it in social media 

channels. In the feedback we could see that the users were active on the site, playing 

and changing units many times. The most used unit was kilometers by car. This was 

unexpected, as it was not as “fun” as other unit and it points that kilometers driving is a 
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type of quantitative information that many people can relate to and put into the context 

of their life. From the social media feedback we could see that users found the 

application entertaining and they were surprised by many of the results. In terms of 

increasing carbon literacy, we get a hint from the feedback presented that it was 

effective in increasing the knowledge and awareness in the area. We would however 

need to explore the matter more deeply to be able to say anything about the real effect 

on their understanding of carbon dioxide.   

More studies are needed about the connection between the exposure and availability 

of CO2 information. They should particularly look into the users’ understanding of this 

information and the impact of the strategies for increasing it. From our intervention we 

can see that there are great possibilities for applications to help both the users 

understanding and our own comprehension of the process. 
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ABSTRACT  
Smart meters are assumed to contribute to energy conservation by providing updated 
consumption data to energy utilities, but, given their pervasive presence in consumersÕ 
homes, they could also provide timely feedback to energy consumers/users. A precondition, 
however, is that smart meters are really usable to lay consumers. In the present study 40 
participants were videorecorded while performing a set of reading tasks with the smart meter 
installed in their house, with or without the help of the usersÕ manual; they were also asked 
to fill in a checklist to evaluate the meter after the task series. The results of the analysis 
suggest improvements in the terminology used, in the selection of information to provide, 
and in the navigability of the information system.  
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1. Introduction  

 

The main distinction between a so-called ÒsmartÓ meter and the older mechanical 

meter relies on a meaningful display to show not only the amount of energy used in the 

household, but also other historical data; and in the ability to communicate directly with 

the local energy utility for monitoring and billing purposes. In 2005, the Italian utility 

Enel was the first company in the world to massively implement the use of smart 

meters. In 20010 32 million smart meters were installed, and equipped with advanced 

features that ranged from reading usage information, detecting a service outage, 

changing the maximum amount of electricity that a customer can demand at any time, 

changing the billing plan remotely, changing the maximum amount of energy 
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allowance, and turning the power off remotely. Eventually, it s foreseen that smart 

grids will use this information to estimate the energy demand more precisely, instead 

of generating more power a supplier than it is needed.  

In addition to making remote control of the energy supply more efficient, information 

provided by a smart meter represents a direct feedback of the consumersÕ actions 

(Gšlz, Gštz, Deffner, 2009) which could be crucial to improve their energy 

conservation habits. According to a classic definition, Feedback Intervention (FI) 

consists of actions taken by an external agent to provide information regarding some 

aspects of performance (Kluger and DeNisi, 1996, p. 255). In the field of energy 

consumption, Darby (2006) distinguishes between three types of feedback: indirect, 

disaggregated and direct. Indirect feedback (e.g the kind of information shown on 

paper bills) needs to be processed before reaching the customers and only provides a 

general picture of the overall consumption; disaggregated feedback reports the 

consumption of individual appliances or categories of devices in a household; direct 

feedback is the one immediately provided by a meter or an associated monitor. Darby 

estimates that this feedback can lead to higher savings than interventions with indirect 

feedback, ranging from 5% to 15%. Feedback is  most  effective  when  it  provides  

tailored  and  personalized  information  for  a  specific  audience  target  (Jimison,  

Street  &  Gold,  1997;  Fogg, 2003) and smart meters represent nowadays the only 

tailored and personalized source of feedback pervasively reaching the consumers. 

The European Commission Energy Efficiency Action Plan (Energy Efficiency Action 

Plan, 2007) aims at reaching a 20% energy saving by 2020 and considers the 

residential sector along with the commercial building sector (tertiary) the one having 

the largest cost-effective saving potential. In the domain of gas consumption, a 

directive already exists according to which intelligent metering systems shall assist the 

active participation of consumers (Annex I(2), Directive 2009/73/FC). The progressive 

adoption of smart meters in the energy domain can be a further strategy to achieve 

energy conservation targets in the residential sector by improving the consumerÕs 

awareness. The issue, however, is whether the meter is ready to be exploited directly 

by the user.  

The study illustrated in this paper addresses this issue by testing a common smart 

meter model from the usersÕ point of view. The study relies on a series of readings of 

the meter information, required by the researcher to a sample of lay users in their own 

households. The users are also asked to select a series of attributes to evaluate the 

meter in a checklist, and to assign the responsibility for the failure that might have 
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occurred in executing the tasks either to themselves or the meter. The paper presents 

the results, after describing the interface of the meter and the details of the testing 

procedure.  

 

 

2. Smart meter interface  

 

The smart meter considered in the study is the one adopted in Italy by the energy 

utility Enel, which already installed 32 millions at the time of the study (Figure 1).  

 

 

 

                                                
Figure 1.  The smart meter model tested in the current study 

 

A lever on the bottom part of the meter controls the house electricity supply. On the 

upper part of the meter are a display, two small lights and one button. The small lights 

flash at a higher rate if the house is consuming more than contractually allowed and at 

a remarkably lower rate if the house is consuming less; if both lights are flashing 

simultaneously, then no energy consumption for at least twenty minutes was 

registered. The information appearing on the display changes by pressing the white 

button on its right fro a certain number of times according to the desired information 

(Appendix 1)1. In addition, the corner of the display contains a symbol signaling the 

                                                
1 The Italian Authority for electric energy and gas asked to replace some of the information with more 
detailed one. Each A3 information was subdivided into A1, A2 and A3 (peak hours from 8 AM to 7 PM on 
weekdays; intermediate hours from 7 AM to 8 AM and from 7 PM to 11PM on weekdays and from 7am to 
11 PM on Saturdays; off peak hours from 11PM to 7 AM during weekdays and Saturday, and all day 
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system state (i.e. ÒL1Ó if the meter works properly and Ò! !Ó in the opposite 

circumstance). The meter also contains an optical reading interface, which is used by 

utility personnel only. 

 

3. Method  

 

The study consists of a series of reading tasks performed by the users at their own 

premises, followed by a checklist. The possibility to access the manual was granted to 

one half of the sample.   

 

3.1 Participants  and design  

The sample was composed of 40 participants collected through a convenience 

recruitment procedure. They were asked to perform a series of tasks with the meter 

installed at their own house. To make sure that no linguistic bias prevented them from 

reading the information, they were all Italian native speakers. Also, to exclude people 

who had no direct involvement in the payment of their electricity bill and who, for this 

reason, could have poor knowledge of their smart meters, only people paying for the 

electricity consumed were included. Finally, experts in the domain of electricity 

(electricians, electronic engineers, etc.) were not included. Mean age was 47.2 (SD = 

18.8).  

The sampled was divided in three subsamples according to their age: 18 to 29 (12 

people); 30 to 59 (18 people) and over 60 (10 people). One half of the sample was 

asked 10 minutes before the beginning of the task series to read the usersÕ manual 

accompanying the meter. Accessibility to the manual varied between subjects and task 

type varied within subjects.  

 

3.2 Data collection procedure  

Tasks 

Each participant was asked to complete seven tasks, which are described in Table 1 

below.  

 

Task name  Request  Button pressures needed  

Consumption Please, verify if your house is 0 (The participant needs to visually check 

                                                                                                                                          
during Sundays and National Holydays); similarly each P3 value was decomposed into P1, P2 and P3 with 
the same criteria as A3. As this innovation is progressively implemented, part of the meters still require 24 
steps to read the full information cycle and part require 32 steps.  
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 currently consuming electricity 

 

whether the lights on the  left of the display 

are rapidly flashing or not.) 

 

Failure 

 

Please, verify if there is currently a 

failure in the system 

 

0 (The participant needs to visually check 

the symbol at bottom left corner of the 

display).  

 

Instant Power 

 

Please, tell me how much energy 

is currently being absorbed by your 

house 

 

4 

Current Period Please, tell me how much energy 

was consumed by your house until 

the current billing period 

 

7 (or 9, in case of meters modified to meet 

the AuthoritiesÕ requests described in 

Footnote 1) 

Previous 

Period.  

 

Please, tell me how much energy 

was consumed by your house until 

the previous billing period 

 

10 (or 16 in case of meters modified to 

meet the AuthoritiesÕ requests described in 

Footnote 1) 

New bill period Please, tell me how much energy 

was consumed during the current 

billing period only  

 

10 (or 16 in case of meters modified to 

meet the AuthoritiesÕ requests described in 

Footnote 1) In order to complete this task 

the participants have to press the button 

seven times to get the kW/h value related 

to the current billing period, then press the 

button three more times to get the value of 

the previous billing period and finally 

subtract the latter from the former. 

Memorability.  

 

The experimenter will choose a 

task in which the participant 

previously succeeded and ask the 

participant to teach how to perform 

that task.  

NA 

Table 1.  List of tasks used in the test 

 

Two cameras on tripods were used. Their exact position changed slightly to fit the 

configuration of participantÕs house. In all cases, one camera shot the meter from the 

userÕs perspective and the other shot the user while interacting with the meter. Adobe 

Premiere Pro 6 was then used to merge the videos from the two cameras into one so 

as to have a split screen with two synchronized views. 
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Figure 2.  An example of the images collected by the two cameras. 

 

Checklist  

A checklist based on MicrosoftÕs Desirability Toolkit was deployed to gather the 

usersÕ evaluation of the meter after the task series (Benedek, Miner, 2002). To the 

original list of attributes, a set of attributes was added for this study, based on the 

attributes with which the meter is referred to in the 2006 manual and on the utility 

website2 (domestic object, simple, familiar, efficient, safe, easy to use) as well as on 

the antonyms of these attributes (complex, unfamiliar, inefficient, dangerous, difficult to 

use). The resulting list was composed of 114 attributes, half of which were positive and 

half negative. In addition to the list, users were asked to complete a statement (ÓIf I 

didnÕt manage to complete a task, it was:..Ó) by attributing the responsibility for failures 

in completing a task to themselves or to the meter (1- only my fault; 2- mostly my fault; 

3- partially my fault and the meterÕs; 4- mostly the meterÕs fault; 5- only the meterÕs 

fault). 

 

3.3 Procedure  

The procedure, which was refined after 27 pilot observations, started with the reading 

and signature of an informed consent. Then the participants moved to the room where 

the smart meter was located and started the task series. The instructions were given 

verbally, task by task. The tasks order was balanced across participants with a Latin 

square procedure in order to exclude learning effects. No pauses were planned 

between tasks. In case the participants asked for help, the researcher would remind 

them to only rely on their resources and judgment. At the end of the task series, the 

                                                
2 http://www.enel.it/it-IT/reti/enel_distribuzione/qualita/progetti_contatore_elettronico/contatore.aspx 
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participants were given the checklist, asked to read through it and invited to select as 

many attributes as they thought were adequate to qualify the meter. Later the 

participants were asked to restrict the choice to 5 attributes within those previously 

selected.  

 

3.4 Data analysis  

 

The video-recordings of the task execution were analyzed with the help of a video‐ 

coding software (The  Observer  by  Noldus) in order to identify:  

¥ task result, namely success, abandonment or failure; 

¥ task length, minus repetitions or pauses; 

¥ trade-off between the number of clicks made by the users and the minimum 

amount of clicks required for the completion of the task. 

In addition, the following events were analyzed:  

¥ misinterpretation of the functioning of the meter or of the information displayed;  

¥ wish or intention to abandon the task before completion verbally expressed; 

¥ request for repeating the instruction or receiving help in the execution of the task; 

¥ adjustment of body position in order to reach the meter, e.g. crouching;  

¥ adjustment of head position in order to read the display, as with light reflexes or 

darkness; 

¥ pressure on the meter button (ÒclicksÓ); 

¥ inappropriate interaction, namely an operation on a part of the meter that is not 

appropriate to solve the specific task; 

¥ non-verbal request for help, performed by stopping the task execution and turning 

the head towards the researcher. 

Differences connected to userÕs age, gender, task order and access to manual were 

also considered and tested for significance. 

 

Regarding the checklist, we counted the frequency of selection of each attribute. 

Regarding the final question about responsibility for failing in the tasks, the frequency 

with which the answer options were selected was considered.  
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4 Results  

 

4.1 Effectiveness in monitoring household consumption  

Effectiveness was the ability to successfully complete a task. It was decided by 

checking in the videos the answer verbally provide by participant as well as the 

information contextually displayed by the meter. Overall, 69% of the tasks were either 

abandoned or finished with the participant providing a wrong answer. The percentage 

in the different tasks is shown in Figure 2.  
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Figure 3. Percentage of participants who completed a task successfully 

 

The figure shows that in the majority of the tasks, less than one half of the sample 

was able to get the right information. The lower effectiveness was reported in the tasks 

ÒFailureÓ, requiring to check if there was a failure in the electric system, and ÒNew BillÓ, 

requiring to calculate the total electricity consumption for the current billing period. 

 

The participantsÕ age did not affect the success in completing the tasks. The access 

to the manual made a difference in two tasks, ÒConsumptionÓ and ÒFailureÓ, where the 

performance in the two groups with and without manual differed significantly, with a 

higher performance in the former group (! 2=9.294;p<0.05 and ! 2=11.693;p<0.05 

respectively).  
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4.2 Efficiency  

Efficiency consists of the amount of resources needed to successfully complete a 

task, in terms of time taken and of button pressures. The average time employed by 

the participants that completed the task successfully is shown in Figure 4. The task 

requiring longer to be completed was again the ÒNew billÓ, which involved that the user 

obtained two different kinds of information from the meter and then subtracted one 

datum to the other. Age and the availability of the manual did not affect the time taken 

to complete the tasks.  
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Figure 4.  Average time in seconds used by participants to complete each of the 6 tasks 

 

The other measure of efficiency was the number of exceeding click per task, which is 

shown in Figure 5 below.  
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Figure 5.  Number of clicks produced after reaching the correct information 

 

The ÒInstantaneous powerÓ and the ÒNew billÓ tasks seem critical; users did not seem 

to recognize the right info when they saw it, but kept on pressing the button. In case 

they realized that the right info had already been already displayed, they could not go 

back, but had to exhaust the full series of information and start over with a second 

round of clicks to see it again. Age does not affect this result, and the availability of the 

manual improved the result on the ÒConsumptionÓ task only (t=2.689; p<0.05).  

 

4.3 Comprehension of the info rmation  on the display  

The cases in which usersÕ answers revealed an erroneous interpretation of the meter 

functioning and affordances were on average 1 per task (SD= 1.14) and took about 

31.9% of the overall time spent on the task execution. Misinterpretations were only 

0.16 in tasks completed with success and 1.75 in tasks that were failed or abandoned.  
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Figure 6. Average misinterpretation per user, revealed by the usersÕ verbal answers, divided 

by task. 
 

Similarly, the usersÕ actions revealed a problematic interpretation of the metersÕ 

affordances.  
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Figure 6. Average inappropriate actions per user revealed by the participantsÕ actions, divided 

by task. 
 

Taken together, figures 5 and 6 reveal that the first two tasks have a high number of 

problems in the usage of the meter: they required no special operation in order to get 

information because they just needed to interpret the default feedback provided by the 

meter (i.e. the lights or the symbols on the display corner respectively). In the 
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consumption task, users had to define if the house was consuming electricity by 

referring to the lights on the side of the display. Here, the most common difficulty was 

to recognize the flickering lights as a cue: instead, users sought an answer on the 

display by clicking on its button and looking for the instantaneous power datum. Some 

users did not detect the lights flickering. Some did not even relay on the meter to 

answer, but on their knowledge that some appliances were currently working in the 

household. In the second task, users had to check the system status symbols always 

appearing on one corner of the display to define if the system was on. Instead, they 

relied on other cues, such as the mere fact that they could read the menu, the 

flickering lights or the power lever in up position.  

The problems in the other tasks did not depend on the usage of a wrong part of the 

meter. These tasks required to provide a certain value of electricity consumed 

according to different criteria (instantaneous power, current billing period, previous 

billing period, new bill), and all users correctly referred to the display button to get the 

required information. However, they had difficulties in recognizing the right information 

when they found it and either reported a different datum or kept on looking of the 

correct datum, ending up in the excess number of clicks reported in section 4.2. For 

instance, when asked to provide the amount of instantaneous power consumed in the 

household, a recurrent mistake was to report the power absorbed in the current billing 

period. Or when asked for consumption on specific billing periods (previous, current, 

new bill), some participants asked to check their paper bills.  

There is no significant difference between age groups, nor the groups with and 

without manual, except for the inappropriate actions in the ÒConsumptionÓ task 

(t=3.880; p<0.05), which were higher in the group with manual (M=10.2 versus M=0.8). 

 

4.4 Perceived simplicity  

One measure of the perceived simplicity of the task is the occurrence of 

abandonments, help requests and requests to repeat the instructions; the former two 

events amounted to 0.95 per participant on average (SD=1.44), the third event was 

observed 0.22 times on average per participant. Requests for help regarded 

generically, what they should do (45%), if they should press the button (22%), if the 

answer was right (13%), what was the meaning of the displayed information (11%).  
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These questions confirm the results reported in sections 4.2 and 4.3, namely that 

participants had difficulties in comprehending the information and the affordance of the 

meter. 

 

4.5 Accessibility  

In order to check the occurrence of problems with the visibility of the display we 

checked whether participants adjusted the position of their body with respect to the 

meter or the position of their head while trying to read the meter (Figure 7). The first 

adjustment is due to the fact that meters are appended to walls sometimes at 

uncomfortable heights, so that the participants need to crouch or to reach up in order 

to see the display. In addition, adjustments of head position are due to light reflection 

on the screen of the display or darkness in the room whether the display is located.  
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Figure 7.  A participant struggling to see what is written on the display 

 

52% of the meters where positioned so a to force the participants to reach up or 

crouch in order to read them. Adjustments of the body position were performed during 

33% of the time of the whole session, and adjustments of the head position were 

performed during 73.9% of the time.  

 

4.6 Memorability  

Memorability was measured as the amount of participants who were able to recount 

the way in which they solved one of the tasks in which they succeeded. In both 

conditions, with and without manual, only half of the sample managed to do so 

successfully, namely without any confusion or conceptual mistakes.  
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4.7 Evaluations  

Users had to choose 5 attributes of the meter, out of a list 114 attributes where 

positive and negative ones were balanced. Regardless of the problems in the tasks, 

62.5% of the chosen adjectives was positive; a higher amount of positive adjectives 

was selected by the group of users in the condition with manual compared to the users 

in the condition without manual (M=75 versus M=50, t=1.958, p<0.05).  

Regarding the specific attributes chosen, Table 2 presents the attributes selected by 

more than 2 users. 

 

  freq. 

567898:;&<99=8>?9;7& ! "#$%&!"#$&'(&)#! & *+&
 ",,!##-./! & ** &
 ,(012!3!4#-./! & 5&
 -44(6"'-6! & 7&
 4!8 & 7&
 "6"4' 9: ) "2;& <&
 ,(4'2(//"./! & =&
 ,/!"2 & >&
 ,2!;-./! & >&
 #"?!& >&

&
negative attributes  ,(4?()4;-4: & <&
 "0.-:)()# & 7&
 ."#-, & =&
 -4,(01/ !'! & =&
 )4?"0-/-"2& =&
 ,(01/!@ & >&
 ,()4'!2-4')-'-6! & >&
 )4#"'-#?$-4:& >&
 #/(8 & >&

 
Table 2 . Attributes selected by more than two users, and frequency with which they were 

selected in the sample. Each user could select 5 attributes, either positive or negative. 
 

At the top of the list are Õeasy to useÕ (16 users), accessible (11 users) and 

comprehensible (8 users). It is curious that users evaluated the meter as easy 

regardless of the difficulties they just found in completing the tasks. This can be due to 

the simplicity of the interface per se, since it only had one button to press. Coherently, 

when asked to complete the statement ÒIf I didnÕt manage to complete a task, it 

was:" Ó the majority of the answers selected involved the usersÕ fault (Figure 8).  
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Figure 8.  ParticipantsÕ answers to the question asked at the end of the checklist.   

 

5. Conclusions  

 

The results of the present study show that users provide positive evaluations of the 

smart meters they have in their house and tend to consider them as simple; as a 

consequence, they hold themselves responsible for any failure in extracting useful 

information from them. However, the analysis of the performance during task 

execution suggests that such failure and difficulties are embedded in the design of the 

smart meter interface. To lay customers, it proves rich of misleading affordances, 

namely of cues that direct the usersÕ towards actions that are inappropriate to reach 

the goal. In addition, the information is provided through confusing and ambiguous 

language or cryptic symbols, difficult to comprehend even by users who have access 

to the manual.  

The more direct cues, namely the ones that are available without any need to operate 

on the meter, are generally not understood; this is the case for the flashing lights on 

the left side of the display, and for the symbols on the corner of the display. The 

information that is accessible only by pressing the meter button, on the other hand, 

has three downfalls: there is no way to access the desired information directly without 

also being exposed to a long set of undesired information; there is no way to go back 

in case too many clicks are executed; the language with which the information is 

provided is too technical and confusing to the user. These defeats impact both 

effectiveness and efficiency so that even if the user is prepared to go through the long 
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series of button clicks to access the desired information it is likely that this information 

is not understood or recognized because of the way in which it presented. And even 

when participants reported the right information, in one half of the cases they could not 

remember how they managed to do it. 

Therefore, in order to improve the usability of the meter and encourage its usage as a 

means to increase awareness and have direct feedback on energy consumption in the 

house, it would be recommendable to take into account:  

- the familiarity of the terminology to the user; lay consumers are not expected to 

know symbols (such as Ò! !Ó top signal that the meter is working properly ), codes 

(such as Òt2Ó for the price rate type) or jargon (such as Òinstantaneous powerÓ) 

- the adequacy of the information to the usersÕ needs; for instance, users need to get 

two values and do a subtraction in order to know the consumption in the current billing 

period.  

- the availability of a back button, since running through 24 clicks in order to see the 

last information, and having to go though the full series of clicks in order to see it again 

if by mistake one presses the button once more is not a usable design. 

- the perceptual visibility of the information on the display; this can be improved by 

avoiding that the meter is positioned in an inaccessible point on the wall, and by 

increasing the lightening of the display or using a back lightened display;  

- the reduction of superfluous information, since a small display forces to several 

steps in order to get a long or complex information. A case in point is the sentence 

ÒFor information about the contract and notifications of failures please call (a telephone 

number) Ó is divided into 6 chunks, each one requiring a click in order to progress to 

the next chunk. In case the meters model can still be chosen and is not already 

installed at the consumersÕ households, then models with larger displays should be 

preferred. 
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8. Appendix  

 

Information appearing after clicking the smart meter button.   
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1 click Numero Cliente  Customer Number 

2 clicks 321 932 025    

3 clicks Tar in atto [codice]  Active price rate [code, e.g. T2] 

4 clicks Pot. Istant=000,1  Instantaneous power= !   (i.e. the energy 

absorbed by the household at the of the 

reading) 

5 clicks Lettura Potenza  Power Reading 

6 clicks Periodo Attuale Current period 

7 clicks A3 lettur= 000126  A3 reading= !  (i.e. energy consumption in 

kW/h till the moment of reading) 

8 clicks P3 Pot. Max=000,7 P3 maximum power= !  (i.e. maximum 

amount of energy absorbed in the current 

period) 

9 clicks Periodo Preceden  Previous period 

10 clicks A3 lettur= 000101 A3 reading= !  (i.e. energy consumption in 

kW/h till the end of the previous billing 

period) 

11 clicks  P3 Pot. Max=000,9 P3 Maximum Power= "  (i.e. maximum 

amount of energy absorbed in the previous 

billing period) 

12 clicks Data 07/11/09 Date  

13 clicks Ora 09:26:44  Hour 

14 clicks Per Informazioni  For information 

15 clicks sul Contratto about the contract 

16 clicks e Segnalazione and notifications 

17 clicks Guasti of failures 

18 clicks Telefoni please call 

19 clicks n. 800-900800 (a telephone number) 

20 clicks  Contratto inAtto. Active contract 

21 clicks [code and description]  [code, e.g. D2 - household usage] 

22 clicks Di Residenza for residents 

23 clicks [vuoto] [blank] 

24 clicks [vuoto]. [blank] 

 


