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Abstract. Sustainability is the term employed for the practice of ensuring that 
goods and services are produced in ways that do not use resources that cannot 
be replaced. This practice has been in focus on several different research agen-
das. In the area of Human-Computer Interaction, studies devoted to works in-
vestigating this matter began to appear eight years ago. It is a timely moment to 
look back and see how much the community has achieved. This paper provides 
the results of a Systematic Review carried out in four scientific databases. The 
selected papers were grouped considering the topics they present, the methodo-
logical approach adopted and the kind of outcomes that emerged. The results 
suggest that among the different methodological approaches adopted, literature 
reviews and criticism still form the main basis to underpin the outcomes. More-
over, climate change and energy savings were found to be the specific areas that 
were most researched. The results obtained make it possible to suggest oppor-
tunities for further research. 
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1 Introduction  

Sustainability is the term employed for the practice of ensuring that goods and servic-
es are produced in ways that do not use resources that cannot be replaced. Its applica-
tion entails defining human practices in a way that prevents our needs from causing 
harm to future generations. Sustainability is currently an issue of global concern and 
has thus been highlighted in several different research agendas. 

As well as being concerned with environmental factors, regarding the adoption of 
measures that do not degrade the environment, (for example a reduction in fossil fuel 
consumption), the concept of sustainability also involves social and economic issues. 
The social questions concern human rights, respect for differences and the spread of 
values that support the maintenance of society for future generations. The economic 
questions involve taking measures that are financially viable, yield a profit and support 
income distribution. 

Computers play a central role in sustainability issues. On the one hand, computers 
are increasingly present in daily life and allow the dissemination of information on a 
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large scale. They can thus be used as a tool for awareness, mobilization and the en-
couragement of behavioral changes in favor of sustainability. On the other hand, 
computing solutions, which include both hardware and software, are a commodity and 
hence affect sustainability issues, and require new ideas about our design, develop-
mental policies and consumer practices. 

Some large companies have already begun developing hardware solutions that re-
quire less energy, reduce the amount of heavy materials or use recyclable materials in 
their manufacture, such as PET bottles. In the implementation of  software, there has 
also been the development of open source solutions, architectures that facilitate the re-
use of software and technical data storage that uses less memory, to name a few. 

Researchers in the field of Human-Computer Interaction (HCI) have pondered on 
this issue. Studies that were devoted to this issue began to appear eight years ago. 
Since then, there has been an increase in the number of HCI researchers concerned 
with this issue; workshops have been set up and meetings held to discuss it. In his 
summary, Blevis [1] states that research into HCI can assist in two key complementa-
ry areas: (i) sustainability through design or, as we prefer to call it, design for sustai-
nability, i.e. how interactive systems can lead to more sustainable behavior, such as 
games that teach the principles of sustainability or clothing that interacts with nature 
by fostering environmental awareness and (ii) sustainability in design, i.e. how sustai-
nability can be used as a critical lens to reveal the design of interactive technologies 
themselves. 

In this paper, we examine the results of a Systematic Review (SR) which was car-
ried out to determine how the HCI community has contributed to research into the 
question of sustainability. Four databases of scientific knowledge were examined: 
ACM, IEEE, Scopus and Google Scholar. The searches returned 200 papers, and after 
the exclusion criteria defined in the SR protocol were applied, 51 were chosen to 
represent the research that has been carried out in HCI with a focus on sustainability. 
The selected papers were grouped considering the topics they present, the methodo-
logical approach adopted and the different types of outcomes. In the light of the SR 
results, seven key groups for analysis have emerged: a)Design for Sustainability, 
b)Sustainability in Design, c)Living with Technology, d) Specific topics including 
climate change, peace, feminism, energy saving and hunger, e)Methodological as-
pects and approaches, f) Persuasion and g) Implications for Design.  

The paper is structured as follows:  Section 2 clarifies the concept of sustainability; 
Section 3 describes how the SR was carried out in this work; Section 4 outlines the 
chosen papers according to the formed groups; Section 5 conducts a critical analysis; 
and Section 6 summarizes the conclusions and draws attention to gaps in the research. 

2 The Concept of Sustainability 

In 1987, the Norwegian chairman of the World Commission on Environment and 
Development (WCED) of the United Nations, Gro Harlem Brundtland, issued the 
report "Our Common Future". In this he argued that humanity is capable of an appro-
priate development to meet the needs of the present without adversely affecting the 
needs of future generations. This report also seeks to reconcile economic growth with 
environmental issues and thus attain a balanced development. The combination of 
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three pillars (social, economic and environmental), gives rise to a database that can be 
analyzed to ensure that a practice is sustainable.  

The environmental pillar concerns all the wealth that sustains natural ecosystems 
and the benefits that they produce, including the flora, fauna and all the products de-
rived thereof. The social pillar addresses the question of human rights, but also in-
cludes broader measures of health and education that can ensure the continuity of life 
in society. The economic pillar is linked to profit. Its main objective is to analyze 
questions such as the return on investments, market share, profitable activities that 
increase the return on investment for shareholders and increasing business growth [2]. 

3 The Research Approach 

An SR is a research technique that aims to carry out an evaluation of a research ques-
tion, by employing a review methodology that is reliable, accurate and allows audit-
ing [3]. This technique involves gathering and collating a large amount of research 
data, answering research questions that have been previously defined and using sys-
tematic and clear methods to identify, select and critically evaluate research material 
[4]. The SR carried out in this work seeks to help the authors to determine how the 
HCI community has conducted research by examining the question of sustainability. 
The application of this technique occurs in three phases: Planning, Execution and 
Results Analysis [3]. 

3.1 Planning 

Planning is designed to determine the research objectives, the way in which the SR 
will be carried out and which criteria will be applied to the studies [3]. The main pur-
pose of this investigation is to examine works that show the state- of- the- art in HCI 
research on sustainability. 

The research questions defined for this work are as follows: Q1) What topics in 
Sustainability and HCI have been addressed by researchers? Q2) What methodological 
approaches have been adopted? and Q3) What outcomes have been formalized, especial-
ly those which support  the design? 

Four databases were used for the analysis and selection of primary studies: IEEE, 
ACM, Google Academic and Scopus. The Papers had to be written in English. The 
following inclusion criteria were chosen to provide guidelines for each of the research 
questions: I1 - The work should address the sustainability issue; I2 - The work must 
be related to IT; I3 - The work should approach aspects of HCI. Exclusion criteria 
were defined to refine the search, find works that were appropriate for the context and 
address the research questions. These criteria are as follows: E1 - The work does not 
take account of aspects of IHC; E2 - The work is not related to IT; E3 - The work 
does not address issues related to sustainability; E4 - The work is not available on the 
Internet; E5 – The work has the same author(s), results and methodological approach 
as that of another paper which is already included. 
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3.2 Execution 

The SR was carried out over a period of 4 months. The search string defined was:  

((“Sustainable Interaction Design”) OR ((design) AND (HCI) AND (sustainability))) 

The searches in the Google Academic database returned 73 works. The ACM data-
base returned 48 works, the Scopus database returned 56 works and the IEEE  
database returned 23 works, making a total of 200 related works. After the exclusion 
criteria were applied, 51 papers were chosen to represent the research that has been 
carried out in HCI with a focus on sustainability. 

3.3 Results Analysis 

Following the objectives of this systematic review, 51 key primary studies were read 
again and classified according to the main issue or problem investigated. The metho-
dological approach and the outcomes were analyzed in a way that took account of the 
implications for the design. Figure 1 illustrates the main phases of this SR. 

 

Fig. 1. Instantiation of SR. Source: [3] adapted. 

4 Sustainability and HCI 

After studying the 51selected papers, seven major thematic groups emerged. These 
are: a) Design for Sustainability, b) Sustainability in Design, c) Living with Technol-
ogy, d) Specific Topics including climate change, peace, feminism, energy saving and 
hunger e) Methodological factors and approaches, f) Persuasion and g) Implications 
of SR for Design.  

4.1 Design for Sustainability 

This group is concerned with studies on how to design software and hardware that 
fosters or supports sustainability and/or a more sustainable behavior in humans. In 
other papers, this is called sustainability through design. The papers conduct investi-
gations mainly into human behavior, design principles and software systems. 

[5], [6], [7], [8] investigate people’s attitudes and critical thinking about sustainable 
practices. [9] and [10] argue in favor of supporting the collective and collaborative as-
pects of sustainability. In [11] and [12], Piccolo and Baranauskas explore motivational 
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factors. [13] analyses the complexity of sustainable choices and emphasizes the need for 
simplicity and reliable information. [14] and [15] defend flexible and adaptive informat-
ics, to deal with a possible world collapse. 

In [1], Blevis sets out several principles to guide Sustainable Interaction Design 
and in [16], Wakkary and Tanenbaum give examples of Blevis’ principles and expand 
the concept of the user, as forming a part of a sustainable identity. [17] analyses a set 
of design techniques that can be used to support design for sustainability. Pereira et al. 
[18] argue in favor of sustainability as a value for the design of software applications. 
[19] illustrates some model design concepts that are related to sustainability and [20] 
give an overview of the research approaches adopted in Information Technology  and 
sustainability. 

The design of software systems is discussed in several papers. [21] outlines an eco-
feedback system and [12] describes a residential energy feedback system. [22] carried 
out routines to keep computer machines off for a longer time. [23] discusses sustaina-
ble factors in an environmental management system. Sourcemap [24] represents sus-
tainability factors in supply chains and the Climate Change Habitability Index [25] 
presets diagrams of climate change. Coralog and Timelog [26] are systems to ambient 
displays that represent metrics of sustainability. 

[27], [28], [29], [30], [31], [32], [33], [34] and [35] are proposals for events, main-
ly workshops, which summarize some theoretical basis and raise research challenges 
in the design for sustainability. 

4.2 Sustainability in Design 

This group undertakes research that takes account of social, economic and environ-
mental issues in our own design, implementation and/or evaluation practices. Al-
though Mankoff et al. [34] stress the need for research on this area; from the works 
returned in the SR, only [36] treats this question as a central issue. Mann et al.[36] 
underline  the need for the invisible to be made visible in a sustainable approach to 
software development, as well as he need to think about scalability. 

However, it is possible to highlight some features of the returned papers that can be 
explored in greater depth to improve sustainability in the design. [21] and [22]  
investigate attitudes regarding the reduction of the energy consumption of the compu-
terized machines which are used in our daily professional practices. Issues of collabo-
ration [9], information complexity [13] and (un)sustainable materials [5] can be  
explored for the design process. [16], examines the question from the perspective of a 
sustainable identity, and discusses some possible sustainable design features from the 
user to the designer. [19] explores the prospect of applying pedagogical practices in 
design courses to prepare professionals for sustainability in design as well. In [37], 
Arieff and Casey discuss the role of designers in sustainability and also encourage 
changes in design firms. 

4.3 Living with Technology 

The studies on this question are concerned with fashion consumption. [38] and [39] 
discuss the role of fashion and luxury when a customer is choosing personal electronic 
devices. The main idea in these papers is that if we can better understand how fashion 
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affects consumer attitudes and behavior, we may be able to use fashion as a positive 
force for changing behavior with regard to sustainability. Especially in the digital do-
main, fashion can persuade people to adopt new technologies or new devices. This can 
lead to premature technological obsolescence and raises the question of what to do 
with so many devices that are left unused or needlessly disposed of for reasons of fa-
shion and consumption. [1], [13] and [40] discuss the concept of reuse of devices. 

4.4 Specific Topics 

Since it is a multidisciplinary area, HCI can address different aspects of sustainability. 
This category examines some specific topics that appeared in the SR: 

Hunger. According to [41], one imminent consequence of global warming is its ef-
fect on food supply, which is the basis of human sustenance. Essentially, sustainabili-
ty in this sense is concerned with “securing” food: ensuring supplies are stable and 
available and that the food is of an acceptable quality. In helping to encourage the 
sustainable use of food, Blevis and Morse [42] propose a set of practices such as the 
“monitoring of food” - interactive technologies can trace the origin of food, and  
provide information that can ensure that that the food is organic or has “sensors for 
gardens” - which can be linked to computer applications that provide advice on what 
can be planted and when, and other useful information. 

Energy Saving. The works related to this category focus on areas that can assist in 
the reduction of energy consumption by outlining new technologies that foster aware-
ness among users and encourage them to change their behavior. [11], [12], [21] and 
[22] provide eco-feedback systems, which are interactive devices that reveal energy 
use. In [43], Froehlich maps ten design dimensions for feedback systems. In [44], the 
focus is on designing strategies for eco-visualizations by “offering behavioral cues as 
indicators”. 

Peace. Hourcade et al. [45] propose combining other disciplines in researching the 
areas of peace and human conflict. Subjects such as neurology, political science, be-
havioral economics, and sociology should be included to support the development of 
interactive technologies. The advent of Internet connectivity, mobile devices and 
social media, provides a powerful cocktail that allows computing and HCI to be key 
components in peaceful change, at both an individual and social level. 

Feminism. Bardzell and Blevis [46] suggest researchers to think differently about 
gender lead, considering, for example, to conduct user research in a way that is sensi-
tive to gender-identity practices i.e. when interacting with users, one should be mind-
ful of the cultural conventions of gender, and focus user research acknowledging  
different standpoints and experiences. 

Climate Change. [24] proposes a carbon footprint calculator that measures each life 
stage of a product: raw material extraction, production, transport of goods, use and end-
of-life. [25] shows diagrams to enable ordinary individuals to understand the state of the 
world in terms of habitability at particular places, in the face of climate change. In [14], 
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Tomlinson et al. consider the possibility of an imminent global change, mainly caused by 
climate change, and emphasize the need for HCI research in crisis scenarios. [47] specu-
lates on some actions that the interaction design community can take to “prepare for the 
worst”. 

4.5 Persuasion 

It is apparent that most of the works on sustainability seek to educate people and per-
suade them to make changes in their daily-life practices. By analyzing environmental 
discourses in papers about sustainability, [48] classifies the design of persuasive ap-
plications as a key objective. 

In [22], Hanks et al. see a behavioral change in IT professionals regarding energy 
savings, through the GoGreen sidebar gadget. They have made use of mass email 
services to inform people about the changes and provide other communication tools to 
report problems and disseminate instructions. Kim et al. [26] analyze the effects of 
Coralog and Timelog on fifty-two participants. The results suggest that ambient dis-
plays can help bring about alterations in behavior. 

Piccolo and Baranauskas [11] study motivational factors and one of the design 
strategies outlined in their study relies on credibility as a key factor in the persuasive-
ness of energy feedback systems. In [49], the same authors provided evidence of a 
lack of intrinsic motivation for people to make savings in the consumption of electric-
ity. [41] proposes a design framework to encourage a sustainable food culture in ur-
ban environments. They examine behavioral changes through engagement, which 
they believe should take account of people, places and technology. In [50], DiSalvo et 
al. highlight the need for a debate regarding sustainability and HCI and point out con-
cerns about ethical issues when persuasion begins to border on coercion.  

4.6 Methodological Aspects and Approaches  

This section aims to answer the second question defined in the SR and the studies 
have been grouped considering the main methodological approach they mentioned. 
Interviews were conducted in [38] with a sample of 30 participants to assess their 
consumer behavior. Odom [40] carried out 22 in-home contextual interviews and [13] 
interviewed 11 people about the complexity of information. Surveys were undertaken 
in [5] with 435 participants who gave their opinions about the material effects of in-
formation technologies. In Australia, 216 business men took part in a survey on their 
attitudes toward environmental issues [23]. In [49], 280 participants were involved in 
a structured interview about the reasons to save energy. 

Case studies were undertaken with 4 families to find out about sustainable every-
day design practices [16]. [7] investigated the motivating factors, practices and expe-
riences of 35 environmentally responsible households. [39] analyses design decisions 
in several technologies and [51] design decisions regarding technology in several 
places. [10] studied the deployment of PreHeat, a home heating system, in 5 homes in 
USA and 2 in UK. A participatory design was introduced with students for a residen-
tial energy feedback system [12], and [8] records some participatory practices with 19 
residents of an eco-house college with “ethnographically-inspired” methods. Organi-
zational Semiotics was applied as a theoretical reference in [11] and Goodman [48] 
employed a discourse analysis technique in 3 different literature sources. 
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User tests were performed with an eco-feedback system [21], and the GoGreen 
gadget [22]. [26] conducted online surveys, analyzed logs in a period of two weeks 
and held semi-structured interviews with users of Coralog. [24] supplies some data on 
the use of Sourcemap in different situations. Several other papers employed literature 
reviews and/or criticism as their main methodological approach such as [1], [6], [9], 
[14], [17], [18], [20], [36] [41], [43], [44], [45], [47], [50], [52], [53] and [54]. 

4.7 Implications for Design 

This section attempts to answer the third question in the SR and the papers were 
grouped considering the main implications for the design they formalized. We did our 
best to keep the terms as those adopted by the authors. Requirements were set in a few 
papers. In [11], they include, for example, publish global results of individual atti-
tudes to motivate users. In [26], there are design requirements for persuasion and in 
[49], there are requirements for residential eco-feedback systems. [5] classifies four 
personal profiles for sustainable use and discusses some strategies to deal with them. 

Principles were formalized in [1] and consisted of linking invention and disposal, 
and promoting renewal and reuse. In [16], there are principles for design-in-use. In 
[40], the principles include symbolism, material qualities, engagement and augmenta-
tion among others. [52] defines several principles for sustainable design that are based 
on social theories. Some speculations for design are made in [38] and for research 
questions as pointed out on [47]. Singhal [17] speculates on how some methods and 
techniques can be employed for eco-feedback technology. 

Sohn and Nam [6] formalize a framework based on four attributes of unconscious 
everyday human behavior. [39] proposes an informal design critical framework for 
luxury and sustainability. [19] establishes a framework for teaching strategy design 
planning which can include sustainability concerns in the design. Pereira et al. [18] 
postulate sustainability as a value for design and [14] emphasizes the need for adapta-
tion in technology. Froehlich [43] defines ten design dimensions for feedback sys-
tems, including data granularity and social sharing. [7] defines design directions 
which include encouraging individuals to make personal choices and identity expres-
sion. Key points [41] and lessons for sustainable design, with an emphasis on collabo-
ration [9] were also formalized. Goodman [48] recommends participatory design and 
moving beyond human-centered computing as promising directions for future work. 

5 Critical Analysis 

The information obtained from the SR was plotted in a Bubble Chart with two qua-
drants [55], as illustrated in Figure 2. In the first quadrant (left), there is information 
about the groups (classification) and the amount of works in each of them per year. It 
should be noted, for example, that in 2011 we detected 8 works classified in the De-
sign for Sustainability group, 3 works in Sustainability in Design and so forth. The 
studies can be labeled in more than one classification.  

In the second quadrant (right), the studies for each group were classified in accor-
dance with the methodology used. It was possible to notice that 7 different kinds of 
methodologies were employed in the collected works. These are as follows: user tests, 
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literature review and/or criticism, case studies, discourse analysis, surveys, participa-
tory design and interviews. In Specific Topics, for example, 6 studies were considered 
as forming a Literature Review/Criticism. Some studies used more than one type of 
methodology or assessment instruments, and thus, were also classified in more than 
one methodology in the chart above. 

 

Fig. 2. Distribution of works about sustainability and HCI over the years and the main metho-
dologies employed. Numbers in the balls represent quantity of works. 

From Figure 2, it can be observed that there was an "upsurge" in the volume of 
works on sustainability from 2010 onwards. However, apart from that, there has been 
a progression of works over the years which suggests that the authors in this area have 
consistently been publishing new papers. We also observed that most of the studies, in 
most of the classifications, have adopted literature reviews and pure criticism. This 
applies, for example, to the works classified in the ‘Implications for Design’ category. 
Although this category contains several works, few of them provide guidelines or 
specifications for design which have been validated with users. 

6 Conclusion  

Research on how we can live in a sustainable manner is essential for future genera-
tions. Computers play a central role in this issue, and hence, the HCI area can contri-
bute to research that addresses this complex issue. In the last seven years, several 
important achievements have been made by the HCI community with regard to sus-
tainability, and a few research groups have been focusing on different issues. 

In the light of the results of the SR, some gaps in research can be detected, or in 
other words, there are research opportunities with regard to sustainability in the HCI. 
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These include the following: (1) Other methodological approaches can be used to 
support the outcomes, including long-term studies and ethnography. (2) The users 
should be included in different stages of the design process, not only when require-
ments are being elicited (mainly through questionnaires). Participatory design or  
action-research can be more employed. (3) Research on specific (and important) top-
ics such as peace and hunger need interdisciplinary and intercultural collaboration. 
Geographically-separated research groups can be formed. (4) The solutions generally 
take account or the environmental, or the social or the economic aspect of sustainabil-
ity. Until now, few studies have examined two of them in combination. Research on 
sustainability should focus on the three pillars together. (5) We need to rethink our  
design practices in the light of sustainability and create artifacts, tools, techniques, 
models etc, which can support both the design for sustainability and sustainability in 
the design. 
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