
From Consumers to Owners: Using Meta-Design 
Environments to Motivate Changes in Energy 

Consumption 

Holger Dick, Hal Eden, and Gerhard Fischer 

 
1 University of Colorado at Boulder, ECOT 717, 430 UCB 

Boulder, CO 80309, USA 
 

{holger.dick, haleden, gerhard }@colorado.edu 

Abstract. Unsustainable energy consumption is a systemic problem facing 
society that requires technical and social innovations and changes. We argue for 
understanding and using end-user developments as not just another design 
principle but as a socio-technical intervention to help people make better 
decisions as they work to solve such systemic problems. We further explore 
two established EUD frameworks, Meta-Design and Cultures of Participation, 
to design systems for one such systemic problem: the energy domain. We 
present the draft for a system that incorporates principles from these 
frameworks to inform, motivate, and involve end-users in reducing their energy 
consumption. 
Keywords: meta-design, cultures of participation, energy sustainability, 
changing human behavior 

1 Introduction 

There is overwhelming evidence that our current lifestyle is not sustainable and 
human energy consumption causes global warming [1]. Governments, industry, and 
environmental groups are undertaking major efforts to reduce energy consumption, 
largely resulting in systems that, although technically innovative, are static and 
closed, viewing the end user as a passive consumer. To reduce energy consumption to 
sustainable levels, technological innovations and policy changes are not sufficient—
changes in human behavior are necessary [2] and systems that involve users as active 
decision makers [3] are needed.. 

2 Efforts to Reduce Energy Consumption 

Changes in behavior to reduce energy consumption can be fostered through both 
social and technological interventions. Providing feedback, goal setting, and tailored 
information are useful in motivating people to change their energy behavior [5]. Steg 
and Vlek [6] have shown that a meta-design approach [7] in which participants are 
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asked to become active in planning their energy environment increases the probability 
of participants changing their behaviors and saving more energy. Staats, Harland and 
Wilke [8] found in their longitudinal study that one of the most important contributing 
factors for changing behaviors and energy savings were supportive social 
environments. In addition, computer-based feedback mechanisms [9-11] are effective 
in reducing energy consumption [2, 5, 12] and have been implemented and analyzed 
in the HCI domain.  

3 Motivating People with Socio-Technical Environments 

To reach the goal of reducing energy consumption at a societal level, socio-technical 
interventions [13] that go beyond simple presentations of facts are necessary; they 
need to make use of new insights into social and behavioral psychology to motivate 
consumers. We have identified two mechanisms, psychological ownership and 
motivating social environments to involve consumers that could be facilitated by 
software systems but are currently being ignored in the energy domain. 
Psychological ownership [14] describes a state in which a person feels closely 
connected to an object or idea, to the degree that it becomes part of an ‘extended self’. 
As soon as people see something as their own, they value it higher and are more likely 
to invest time and effort in it. 

In a meta-review of research on psychological ownership, Pierce and colleagues 
have found several requirements for psychological ownership: (1) control, (2) 
investment of self, (3) intimate knowing, and (4) modifiable targets [14]. If an object 
or an idea fulfills all of these requirements, people are more likely to feel ownership 
for this target. 

While the technological foundations for these requirements are currently created 
with smart grids (http://www.oe.energy.gov/smartgrid.htm), the software 
infrastructure available to end-users does not make use of them. In almost all 
developments of smart grids to date, consumers are given very limited control. The 
technical implementation and the utility companies do not reward investment of self. 
The grid is designed as a system for passive consumers in which consumers are given 
the same monthly bills that list overall consumption in the abstract unit kwH, not 
supporting intimate knowing of how energy is being used or how energy could be 
saved. Finally, the only thing that consumers can change in the current smart grid is 
which devices they use and how often they use them; the system does not provide any 
means of modifiability to end-users. 
Motivating Social Environments. Although changes in the social environment have 
been shown to cause people to use less energy [15, 16], supportive social 
environments are not commonly used to reduce energy. Unfortunately, current energy 
infrastructures prevent consumers from creating social norms or peer pressure. 

Social proof [17] describes the effect that people act a certain way because they 
observe others acting this way. In such situations, the fact that others chose something 
acts as proof that this choice is preferable. However, energy consumption is 
completely individualistic and invisible to the consumers themselves and to others 
[2]. Aside from choosing to drive a Toyota Prius as a symbol of energy-efficiency or 
installing solar cells to show support for renewable energies, people have few way to 
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share their energy attitudes or behaviors. Thus, for highly energy relevant behaviors 
like the temperature of the thermostat, the installation of house insulation, or the 
choice of appliances, no generally established social norms exist that could motivate 
and guide consumers to reduce energy consumption. Without awareness of other 
people’s actions, no social proof can be created. 

4 Conceptual Frameworks 

To address and implement the two ways of motivating people mentioned above, we 
have found two conceptual frameworks to be particularly helpful, namely meta-design 
and cultures of participation. They are well suited for systems that motivate and 
involve end-users and thus offer themselves to the design of energy-relevant systems. 

Meta-Design. Meta-design environments [7] are solution spaces [18] in which 
users are able to identify, explore, and reassess their needs during use time and act as 
designers that can change the environment accordingly when needed. 

An important element of a meta-design environment is the “Seed-Evolutionary 
Growth-Reseed” model [7]. In this model, designers do not attempt to build a 
complete system; instead they create seeds for users that provide basic functionality 
and can be modified by end-users. All users can modify and expand the seed in the 
evolutionary growth phase before the designer reseed the system with the 
contributions made by the community. 

Meta-design environments foster psychological ownership by giving users control 
and openness and rewarding investment of self in the ongoing development of the 
system. Being an owner of the system makes people more likely to prefer the system 
to others, invest more time in it, and develop extensions to it. Their own extensions, in 
return are something for which users are likely to feel responsible for, increasing their 
feeling of ownership and their motivation to contribute on an ongoing basis. 

Cultures of Participation [19] offer a new platform for human connection, 
bringing together otherwise unconnected individuals and replacing common 
background or geographic proximity with a sense of well-defined purpose and the 
successful common pursuit of this purpose as the condensation point for human 
connection. 

Cultures of participation and meta-design environments are tightly integrated [20]. 
To be a successful meta-design system, users have to be able to share their ideas and 
developments, to get help from other users, and to find extensions and developments 
that have already been implemented by others; they have to form a culture of 
participation. Cultures of participation require the underlying software system to be 
open and modifiable so that users can participate in meaningful problems. The 
software underlying a culture of participation has to be dynamic and has to allow 
users to adapt it to their needs, and to reseed their own developments with others in 
the community; meta-design environments are needed. Cultures of participation are 
well suited to foster and support motivating social environments in which people can 
create social proofs and social norms by providing tools for sharing and for creating 
awareness. Since people are not merely consumers of a system but active participants 
of a community, they are more likely to be influenced by the actions and opinions of 
others. 
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5 EMPIRE–A System to Reduce Energy Consumption 

We are currently building EMPIRE (EMPIRE = Empower People in Reducing Energy 
Consumption), a meta-design environment in which users can measure, simulate, and 
visualize their energy consumption. We are following a design approach with the two 
conceptual frameworks providing the overall design and functionality of the system. 
In the design of the prototypes, we use personas that are based on a crowd-sourced 
survey using Amazon Mechanical Turk. This approach allows us to cover a wide 
variety of potential users, interest, and preferences; for the final versions, the personas 
will be based on the actual users of the system to more accurately fit their specific 
needs. 

 

 
Figure 1: First Prototype of EMPIRE 

 
The first iteration of EMPIRE aimed to address the problem of a missing 
psychological ownership. Using a meta-design approach, we created several 
prototypes that let users explore and visualize their own energy consumption by 
answering questions about their energy profile and integrating a simple energy 
simulator (see Figure 1). The goal of this approach was to foster intimate knowing by 
providing the ability to explore the causes and effects of consumption in detail. Initial 
informal tests with users showed that people were surprised by the results and 
expressed the opinion that prototypes gave them insights that had not occurred to 
them before. One participant found, to his surprise, that using a power-strip to turn off 
his cable box and DVD player at night would save him more energy than getting a 
new Energy Star certified TV–saving the money he would have spent on a new TV. 

We are currently evaluating our early prototypes in crowd-sourced user studies, 
using Amazon Mechanical Turk [21] and CrowdFlower. In these studies, we measure 
how the different systems and different representations influence the users’ decision-
making processes and opinions about their energy consumption. 
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The next steps will be to further improve the meta-design aspects of the system and 
let all users modify and expand the system to their needs by creating simulations and 
visualizations that are meaningful to them. Currently, they can combine and select 
elements but not edit or create new ones. These steps should offer further reward for 
the investment of self and offer more control. 

Finally, the individual’s actions will be integrated with a culture of participation, so 
that users can share their creations and insights, help others, gain social recognition, 
and take on leadership roles within the community, thereby fostering and rewarding 
the investment of self. We will use our experiences and insights from our former work 
on supporting Cultures of Participation [22] and implement awareness tools [23], that 
will allow the community of EMPIRE participants to share and become aware of 
people’s energy improvements, their insights, their behaviors, and their consumption. 
These tools build the foundation for a supportive social environment in which energy 
usage becomes social. 

6 Conclusions 

Meta-design and cultures of participation are promising frameworks for the 
development of more-involving and motivating energy systems. There is ample 
support in the literature that helping people to become psychological owners of their 
personal energy domain and to become part of a supportive social environment are 
effective and underused ways to reduce energy consumption. Our system building 
efforts are at an early stage and more user testing is needed to evaluate the 
effectiveness of our own implementation of the conceptual frameworks. 

 
Acknowledgments. The research is supported in part by two grants from the National 
Science Foundation: (1) IIS 0968588 “SoCS: Energy Sustainability and Smart Grids: 
Fostering and Supporting Cultures of Participation in the Energy Landscape of the 
Future” and (2) OCI 1028017 “CDI-Type I: Transformative Models of Learning and 
Discovery in Cultures of Participation”. 

References 

1. Intergovernmental Panel on Climate, C.: Climate Change 2007: Synthesis Report. Summary 
for Policymakers. Intergovernmental Panel on Climate Change (2007) 

2. Ehrhardt-Martinez, K., Donnelly, K.A., Laitner, J.A.S.: Advanced Metering Initiatives and 
Residential Feedback Programs: A Meta-Review for Household Electricity-Saving 
Opportunities. Vol. E105. American Council for an Energy-Efficient Economy, 
Washington, D.C. (2010) 128 

3. Fischer, G.: Beyond 'Couch Potatoes': From Consumers to Designers and Active 
Contributors, in Firstmonday (Peer-Reviewed Journal on the Internet).  (2002) 

4. Consolvo, S., McDonald, D., Landay, J.A.: Theory-Drive Design Strategies for 
Technologies That Support Behavior Change in Everyday Life. Proceedings of Chi'2009 
(Boston). ACM, New York, NY (2009) 405-414 



6 Holger Dick, Hal Eden, and Gerhard Fischer 

5. Abrahamse, W., Steg, L., Vlek, C., Rothengatter, T.: The Effect of Tailored Information, 
Goal Setting, and Tailored Feedback on Household Energy Use, Energy-Related Behaviors, 
and Behavioral Antecedents. Journal of Environmental Psychology 27 (2007) 265-276 

6. Steg, L., Vlek, C.: Encouraging Pro-Environmental Behaviour: An Integrative Review and 
Research Agenda. Journal of Environmental Psychology 29 (2009) 309-317 

7. Fischer, G., Nakakoji, K., Ye, Y.: Meta-Design: Guidelines for Supporting Domain Experts  
in Software Development. IEEE Software September/October (2009) 37-44 

8. Staats, H., Harland, P., Wilke, H.A.: Effecting Durable Change. A Team Approach to 
Improve Environmental Behavior in the Household. Environment and Behavior 36 (2004) 
341-367 

9. Holmes, T.: Eco-Visualization: Combining Art and Technology to Reduce Energy 
Consumption. Proceedings of Creativity & Cognition. ACM, Washington, DC, June (2007) 
153-162 

10. Froehlich, J., Findlater, L., Landay, J.: The Design of Eco-Feedback Technology. 
Proceedings of CHI Conference. ACM, Atlanta, Georgia (2010) 1999-2008  

11. Kirman, B., Linehan, C., Lawson, S., Foster, D.: There’s a Monster in My Kitchen: Using 
Aversive Feedback to Motivate Behaviour Change. CHI 2010 (2010) 2685-2694 

12. Fischer, C.: Feedback on Household Electricity Consumption: A Tool for Saving Energy? 
Energy Efficiency (2008)  

13. Mumford, E.: A Socio-Technical Approach to Systems Design. Requirements Engineering, 
5 (2000) 59-77 

14. Pierce, J.L., Kostova, T., Dirks, K.T.: The State of Psychological Ownership: Integrating 
and Extending a Century of Research. Review of General Psychology (2002)  

15. Schultz, P.W., Nolan, J.M., Cialdini, R.B., Goldstein, N.J., Griskevicius, V.: The 
Constructive, Destructive, and Reconstructive Power of Social Norms. Psychological 
science : a journal of the American Psychological Society / APS 18 (2007) 429-434 

16. Schultz, W., Khazian, A., Zaleski, A.: Using Normative Social Influence to Promote 
Conservation among Hotel Guests. Social Influence 3 (2008) 4-23 

17. Cialdini, R.: Influence: Science and Practice (5th Edition). Pearson, Boston (2009) 
18. Giaccardi, E., Fischer, G.: Creativity and Evolution: A Metadesign Perspective. Digital 

Creativity 19 (2008) 19-32 
19. Fischer, G.: Cultures of Participation and Social Computing: Rethinking and Reinventing 

Learning and Education. Proceedings of the International Conference on Advanced 
Learning Technologies (ICALT). IEEE Press, Riga, Latvia (2009) 1-5 

20. Fischer, G.: End-User Development and Meta-Design: Foundations for Cultures of 
Participation. In: Pipek, V., Rossen, M.B., deRuyter, B., Wulf, V. (eds.): End-User 
Development. Springer, Heidelberg (2009) 3-14 

21. Kittur, A., Chi, E.H., Suh, B.: Crowdsourcing User Studies with Mechanical Turk. CHI 
2008. ACM New York, NY, USA, Florence, Italy (2008) 

22. Dick, H., Eden, H., Fischer, G.: Increasing and Sustaining Participation to Support and 
Foster Social Creativity. Proceedings of the International Conference on Creativity and 
Cognition (C&C'2009), Berkeley, Ca, October (2009) 363-364 

23. Kimmerle, J., Cress, U., Hesse, F.W.: An Interactional Perspective on Group Awareness: 
Alleviating the Information-Exchange Dilemma (for Everybody?). International Journal of 
Human-Computer Studies 65 (2007) 899-910 


