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ABSTRACT 
Environmental sustainability is increasingly important, and actions 
on “digital sustainability” are expanding to reduce energy consump-
tion from digital infrastructures. As many digital services today 
have extensive user bases, exploring sustainable design features 
holds signifcant potential for reducing environmental impact. How-
ever, further exploration of foundational research is still necessary 
to enable broader and more efective adoption of digital sustainabil-
ity in design practice. This study focuses on understanding impor-
tant considerations when encouraging more designers, especially 
those with limited expertise in sustainability-oriented design, to 
integrate sustainable practices into digital services—acknowledging 
that embracing unfamiliar approaches presents natural challenges. 
We conducted design workshops and debriefng interviews with 
user experience (UX) designers unfamiliar with design for sustain-
ability to explore their early encounters with sustainable interaction 
design (SID) in the context of digital infrastructure energy reduc-
tion. Our study provides insight into designers’ initial perceptions 
and challenges with sustainable design and discusses opportunities 
for their broader engagement. 

CCS CONCEPTS 
• Human-centered computing → Empirical studies in HCI; • 
Social and professional topics → Sustainability. 
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1 INTRODUCTION 
Digitalization has been deeply integrated into people’s lives, and ad-
vanced technologies such as cloud computing, artifcial intelligence 
(AI), and blockchain technology continue to emerge. However, the 
integration of these technologies has led to an increased environ-
mental footprint associated with people’s daily digital activities 
[1, 44, 86]. Coupled with a global trend of escalating digital depen-
dency [44, 56], energy consumption by digital infrastructures such 
as data centers has emerged as a signifcant factor in worsening 
environmental problems [20, 32, 80], notably climate change [49]. 
This is more broadly referred to by the term “digital (carbon) foot-
print,” which generally denotes carbon emissions resulting from 
“building, delivering, and using” digital technologies [85], particu-
larly the dominant infuence of data centers [75]. Over the past few 
decades, digitalization has brought signifcant environmental bene-
fts by replacing material and resource consumption, but now it has 
become an environmental liability. Known as the “Jevons paradox” 
[40], improvements in technological efciency have accelerated 
digitalization [64] and boosted digital consumption [65], leading 
to a rebound efect [67] where the environmental benefts of digi-
talization are overtaken [83]. To continue to use and engage with 
technology, there is a growing recognition of the need to look be-
yond the benefts of digital technology, acknowledging its negative 
environmental impacts and considering responsible practices. 

In this context, in the human-computer interaction (HCI) feld, 
several studies have taken various approaches within a subfeld 
called sustainable HCI (SHCI). Many researchers in this feld have 
explored the environmental impacts of digital technologies, address-
ing issues such as digital infrastructures [38, 51, 64, 65, 75], material 
waste [41, 52], and device power consumption [37, 76, 82]. While 
all these areas are signifcant, the primary focus of our research 
is specifcally the environmental impacts of digital infrastructures. 
Within this focused area of study, while there are numerous envi-
ronmental impacts associated with digital infrastructure—including 
extensive efects related to the mining for physical infrastructure 
[17]—our research primarily concentrates on the energy consumed 
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by data storage, transmission, and processing activities. Design 
approaches for environmental sustainability include persuasive 
technology [23, 33], ambient awareness [35, 69], and sustainable 
interaction design (SID) [7, 55, 74], which mainly aim to change 
digital behavior or usage patterns to more pro-environmental digi-
tal use. SHCI community has worked with visions to expand the 
practical impact, as Priest et al. [64] stated: “all designers have a 
responsibility to be aware of, and mitigate where practical, the 
environmental impacts of their work.” These visions are built with 
the good intention that all designers should take responsibility and 
action to help our society move toward a better environmental 
future. However, despite its ideal goals, design approaches for sus-
tainability are still not as well recognized, addressed, or taught in 
the feld of UX design (i.e., as other “design approaches for a better 
future,” such as design for accessibility). Currently, design eforts for 
environmental sustainability are limited to expert groups, including 
the sustainability-related divisions of a few global companies such 
as Google, Microsoft, and Netfix [12, 58, 87]. 

In particular, in this era of widespread digital use and rapid 
technological development, actively and broadly expanding de-
sign approaches that consider its environmental impacts beyond 
academia into real-world application can be valuable in terms of 
practice for a better future environment. However, recent studies 
in felds such as HCI, marketing, and psychology commonly re-
gard the low level of awareness of digital carbon footprints among 
people (e.g., digital natives [28] and digital users [8]) as a problem 
[42]. This suggests that, except for a few people with specialized 
knowledge and experience in the environment or sustainability, 
many people still lack awareness of the impact of digital carbon 
footprints. These fndings on low awareness were mainly discussed 
from the perspective of digital users, but we assumed that this could 
also be true for most designers. This lack of awareness could be 
an example of the hurdle that makes it difcult to translate the 
academic vision that all designers should be aware of and to put the 
environmental responsibility of their work into practice. Inspired 
by these considerations, we wondered if sustainable interaction 
design (SID), which advocates for many designers to engage in 
sustainability, ofers a viable approach for designers across various 
felds. We wanted to learn how designers without much experience 
in sustainability-oriented design perceive and approach design for 
sustainability, as well as what obstacles they encounter along the 
way. Although many studies have focused on the experiences of 
end users who accept and use sustainable design, there is a lack of 
understanding on how designers perceive SID and what challenges 
they face in trying it. Furthermore, many studies have repeatedly 
argued that sustainable design requires a deep understanding and 
consideration of existing usage scenarios and usage contexts in or-
der to have a meaningful impact [11, 21, 82]. In this respect, we note 
that UX designers are good candidates with the potential to propose 
acceptable and applicable SID solutions, as they have the expertise 
to deeply understand and follow-up on the existing usage patterns 
and detailed experiences of digital users. However, few studies have 
expanded on the perspective beyond sustainability-related experts 
to more general UX designers. 

In this regard, our study aims to identify the perceptions and 
difculties of design for sustainability among UX designers who 

are attempting sustainable design for the frst time. The term “sus-
tainability” in this work focuses, among other facets, on the envi-
ronmental aspect of reducing the energy consumption of digital 
infrastructures. To explore the perceptions and experiences of UX 
designers in the early stages of adopting design for sustainability, 
we conducted design workshops employing various strategies to 
help them understand and apply SID. In this paper, we present how 
designers frst attempt a design approach for sustainability, identify-
ing their perception of sustainable design and its difculties. Based 
on this, we discuss opportunities for broader engagement of UX 
designers in sustainable design and ways to support their design 
approach toward sustainability. We anticipate that our research 
will provide an overall understanding to lay the groundwork for ex-
tending sustainability-oriented design beyond experts to a broader 
range of UX designers, enabling them to efectively consider digital 
sustainability within the existing design processes of various digital 
products. 

2 RELATED WORK 

2.1 Environmentally Sustainable HCI Field and 
Design Approaches 

In the feld of HCI, a subfeld called SHCI emerged from two foun-
dational studies presented at CHI 2007 [7, 55]. Within the feld of 
SHCI, topics related to environmental sustainability include a wide 
range of sustainable approaches [18, 36], including energy [45], wa-
ter [47], and food [61], as well as eforts to contribute to sustainable 
development with HCI expertise. These studies on environmental 
sustainability encompass psychological, computer-mediated com-
munication (CMC)-centered, and design-centered approaches [18]. 

Among them, research on sustainability through design has rec-
ognized designers’ responsibility in guiding users to act in more 
responsible and sustainable ways. This perspective mainly focuses 
on changing individual behaviors, with the goal of encouraging 
users to act in a more environmentally friendly way [18]. How-
ever, this approach has faced criticism, especially the assumption 
that providing people with information will automatically lead 
them to make sustainable choices [11]. Eco-feedback systems are a 
prime example of this approach, aiming to change individual habits 
by providing users with detailed information about their energy 
use and encouraging them to think and cut down on their energy 
consumption [14, 22, 36, 37, 90, 91]. Despite the potential of eco-
feedback systems, the idea that individual users could make logical 
decisions has been challenged. Research has shown that people 
often act based on habit or without much thought [63] and are less 
likely to change their habits if it means putting in a lot of efort 
or making big changes [21, 28, 82]. This highlights the disconnect 
between what people say they care about and what they actually 
do [73, 84], pointing out the need for strategies that go beyond 
just appealing to people’s good intentions to achieve real change 
toward sustainability [19, 25]. 

Acknowledging these challenges, there is a growing emphasis on 
the importance of considering UX in sustainable design. It is crucial 
to understand and ft into existing digital practices and intentions 
when introducing sustainable solutions [11, 82]. These solutions 
should also avoid demanding too much from users or reducing the 
quality of their experience [21]. Despite these discussions, research 
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on how to efectively integrate UX principles into sustainable de-
sign approaches is still lacking. To date, some eforts have been 
made to develop design rubrics containing guidelines and directions 
to help follow important considerations in the sustainable design 
process [7, 64, 67]. As another approach to considering the UX 
perspective within a design for sustainability, we explored the con-
text in which more UX design experts are adopting and trying out 
these sustainability-focused design approaches. Our work focuses 
on understanding how UX designers across various felds perceive 
and adopt sustainability-focused design approaches, considering 
their scope and capabilities rather than just sustainability experts. 

Within the SHCI feld, designs for system change have often been 
called for as approaches to individual behavior change have been 
criticized [10]. This systematic approach seeks to reach broader 
community engagement [43] and societal change [26] beyond indi-
vidual personal contexts—supporting activism and mass movements 
and eforts to infuence institutions and policies [26, 46, 78]. In this 
context, our research was driven by an interest in understanding 
whether and how general UX designers within their design prac-
tices could efectively embrace SID approaches, which ultimately 
serves as an important step toward exploring how digital service 
corporations can systematically implement SID interventions. 

2.2 Design Approaches for Energy 
Consumption in Digital Infrastructures 

Our work focuses on reducing energy consumption from digital 
services’ infrastructure, such as data centers and network systems, 
within the broader scope of digital carbon footprint [28]. This term 
also includes the disposal of physical electronic devices [5, 41, 54] 
and their direct power consumption (e.g., power consumed in the 
home environment) [5, 76], but our study specifcally targets the 
infrastructure aspect. 

Several discussions have been made about the environmental 
impact caused by digital infrastructures [4, 6, 53, 71]. The Jevons 
paradox [40] highlights how increasing technological efciency 
can speed up digitalization [64], increase consumption [65], and 
lead to a situation where the environmental harms outweigh the 
benefts. With this growing environmental impact, research on 
reducing the digital carbon footprint has expanded in academia. 
Lord et al. [51] investigated the daily usage practices of mobile 
devices (smartphones and tablets) and their infrastructure energy 
consumption, proposing design interventions to reduce energy 
consumption. Preist et al. [65] quantitatively identifed the cloud 
energy requirements according to user practices and proposed 
strategies to reduce data demands. Although Bates et al. [5] did 
not focus on the digital carbon footprint, they highlighted the 
environmental impact of constant cloud service communication 
and the need to understand how much communication is truly 
necessary to support UXs and reduce energy use. 

In addition to studies presenting design implications, research 
has also been conducted to understand users’ views on sustain-
able digital use. For instance, Elgaaied-Gambier et al. [21] studied 
how aware people are of their digital carbon footprint and how 
responsible they feel for the environment. Péréa et al. [66] inves-
tigated how IT users perceive digital sobriety, and Gnanasekaran 
et al. [28] focused on digital natives, examining their awareness of 

the environmental impact of digital usage and the means to moti-
vate them for pro-environmental behavior. Eforts have also been 
made to provide principles or guidelines for sustainable design and 
to help integrate sustainability into the design process. Notably, 
Preist et al. [64] focused on the impact of design on the carbon 
footprint of cloud services, expanding the traditional design rubric 
centered on physical material (Blevis’ [7] Rubric of Material Efect) 
and presenting the Rubric of Infrastructural Efects. They presented 
and explained fve critical questions that designers should consider 
during the design process to reduce the digital carbon footprint 
caused by the infrastructure of digital services, and they provided 
basic guidelines for design for digital sustainability. In our work, 
design for sustainability aligns with the feld of SID, where, as high-
lighted by the works of Blevis, Preist, and Schien [7, 64], design 
is leveraged as a “critical lens” in addressing the environmental 
challenges within existing HCI practices [34]. 

3 METHODS 
The purpose of this study was to understand UX designers’ percep-
tion of the design approach considering the digital sustainability of 
digital services and the difculties in the design process. In particu-
lar, we focused on the context in which UX designers unfamiliar 
with designing for sustainability attempt this approach. 

3.1 Participants 
Through the study, we expected to identify the perceptions and 
difculties of UX designers who are unfamiliar with sustainability-
oriented design regarding sustainability when they frst attempt this 
approach. Therefore, our study recruited participants who met all of 
the following criteria: 1) have UX design expertise, 2) have been di-
rectly involved in a UX design practice/research project, and 3) have 
no design experience related to environmental and sustainability 
expertise. To ensure the appropriateness of the participant condi-
tions, we used a recruitment survey to collect information about 
the participants, including their demographic information, current 
occupation, previous experiences in UX design practice/research 
projects, level of knowledge about environmental issues and sus-
tainability, and understanding of the energy consumed in the oper-
ation of digital services. Based on the responses from the survey, 
we prioritized applicants who met the participant criteria for our 
study and had more experience in UX design practice and research 
projects. We sequentially adjusted their participation schedules 
to determine the fnal group. Finally, we conducted a total of fve 
design workshops with 15 designers in teams of three (Table 1). 

3.2 Study Procedure 
Our study consisted of design workshops and debriefng interviews, 
with the entire process conducted separately for each team. Par-
ticipants were divided into groups of three, and in each team, the 
frst author (participating in all teams) and the second author (se-
lectively participating in three teams) were additionally involved 
as moderators. The study process of each team took approximately 
2 to 2.5 hours and was recorded with prior consent. 

In advance of the design workshop, we created written materials 
to stimulate participants’ design ideas for sustainability. Although 
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Table 1: Summary of participant information 

Team ID Age Gender UX Design Project Experience 

- Artifcial Intelligence Video Service Planning Team 1 P1 25 F - Blockchain-Based Recruitment Support Service UX/UI Design 

- Digital Healthcare Service Design P2 28 F - In-Car Agent Embodiment Design 

- Emotional Remote Communication System Design P3 28 M - Speculative Design on Human–Nonhuman Relationships 

- Proactive Agent Interaction Design within TV Team 2 P4 27 M - Chatbot Design within Mobile Stock Service 

- Mobile Stock Service UX/UI Design P5 29 F - Accessibility Design for Video-Mediated Communication 

- AI-Based Sleep Habit Improvement Service UX/UI Design P6 32 F - Teaching–Learning Interaction Design for Intelligent Systems 

- Diet Regulation Service Design to Assist Eating Disorders Team 3 P7 27 F - Algorithm Design for Online Dating Services 

P8 25 F - Stock Information Provision Service UX/UI Design 

- Physio Sensor-Based Digital Product Design P9 33 F - Voice Interaction Design for Conversational Agents 

- UX/UI Diagnosis for Corporate Digital Marketing Team 4 P10 28 F - Local Business Commoning Design 

- Education/Entertainment Service UX Planning P11 25 F - Smart Kiosk UX/UI Design 

- Mobile App UX/UI Design and Development for Coding Education P12 29 M - Mobile–IoT System Development 

Team 5 P13 25 M - Tablet-Based Service UX/UI Design in Autonomous Vehicles 

- Mobile Financial Service UX/UI Design P14 30 F - Social VR Content UX/UI Design 

- Mental Accounting-Based Interactive Asset Managing Service Design P15 25 M - Human–LLM Interaction Design 

it was possible to observe the frustration and ambiguity that partici-
pants may experience in the early stages of designing for sustainabil-
ity without additional materials, we decided that providing enough 
basic support to observe discussions between participants in the 
process of discovering and defning design ideas would be helpful in 
eliciting their inherent perceptions and perspectives toward design-
ing for sustainability. The frst and second authors developed this 
material by collecting and structuring knowledge and design sug-
gestions related to sustainable design already mentioned in previous 
literature [8, 11, 21, 24, 28, 36, 39, 48, 51, 65, 66, 76, 82]—extracted 
mainly from the literature through the keywords “sustainable HCI,” 
“sustainable design,” “digital sustainability,” “persuasive design,” and 
“Green IT.” As a result, the following three types of information 
were organized into a one-page document each: 1) User tendencies 
toward sustainable design; 2) Implications for digital sustainable 
design; and 3) Examples of digital sustainable design (see Appendix 
A). These materials are provided to help participants with a limited 
understanding of digital sustainability (the topic of the workshop) 
understand the scope of SID concepts covered in our study and 
provide insights to stimulate ideation. 

The design workshop aimed to understand the participants’ ex-
perience of exploring and discussing SID ideas that can be applied 
to various digital services—focusing on sustainable solutions in 
terms of reducing digital infrastructure energy consumption. First, 
the moderators held a Warm-Up Session with the participants, in-
cluding self-introductions. Then, the frst author introduced the 
background, purpose, and process of this study, as well as the spe-
cifc scope to be explored in the workshop, including the defnition 
of digital carbon footprint and SID with design examples [79]. Ad-
ditionally, to encourage active participation and discussion, we 
specifed that it was okay to struggle with the design process be-
cause this study was not a workshop that necessarily required 
expert knowledge related to digital sustainability or SID. After-
ward, in a 5-minute Target Service Listing Session, we asked each 
participant to individually list the digital services they were cur-
rently using. We did not limit the target services to be covered 
in the workshop, anticipating that this might lead to a sense of 
uncertainty among the participants when selecting a design subject. 
Exploring sustainable design ideas across a range of digital services, 
rather than targeting a specifc service, is not a typical context in 
practice beyond the workshop; therefore, we proceeded with this 
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Figure 1: Three pages of workshop materials summarizing 
sustainable design knowledge, principles, and examples (de-
tailed content available in Appendix A) 

stage as a strategy to alleviate these anticipated initial difculties. 
We then conducted a 30-minute Ideation Session where participants 
were asked to divergently write down sustainable design ideas ap-
plicable to existing digital services on sticky notes. Participants 
were allowed to freely use their personal laptops and smartphones 
during this session, which we had asked them to bring in advance. 
When expressing their ideas on sticky notes, participants were 
asked to include a design idea in the form of a simple sentence or 
phrase, along with the name or type of digital service associated 
with that idea. This ideation process was essentially an individual 
task, but conversation and sharing of opinions among participants 
were freely allowed. Five minutes after the Ideation Session began, 
the moderator distributed to participants three document-type ma-
terials, including basic knowledge that can be used as a reference 
for SID (Figure 1). This was to ensure that our materials did not 
directly limit the direction and scope of participants’ ideas from 
the beginning of the ideation process. These materials were not 
presented to the participants as a fully structured classifcation sys-
tem but as resources for reference and inspiration, acknowledging 
the possibility that they may contain information not pertinent to 
the current context and emphasizing that there is no obligation to 
use them. We did not give a separate reading time to familiarize 
participants with these materials; instead, they were free to refer to 
them throughout the Ideation Session as needed. Subsequently, an 
Idea Review Session was conducted for 1 to 1.5 hours to share and 
develop each initial idea. In this session, discussions were held on 
each idea, including the design details, the pros and cons in terms 
of digital sustainability and user experience, and any concerns. 

Immediately after the design workshop, a 30-minute Debriefng 
Interview Session was conducted to ask participants about their 
thoughts and challenges regarding their experience exploring de-
sign for sustainability. The interview consisted of the following 
fve questions: 1) “What was the overall experience of thinking 
about design for digital sustainability?”; 2) “What was particularly 
difcult in the ideation process of design for digital sustainability?”; 

3) “How can we improve today’s workshop to be better?”; 4) “What 
difculties are expected if sustainability goals are included in actual 
design practice rather than in the form of a one-time workshop?”; 
and 5) “As a designer, what do you think is needed to do better at 
designing for digital sustainability?” 

3.3 Data Analysis 
After all teams’ design workshops and interviews were completed, 
the frst author transcribed the entire recorded audio and organized 
the idea listing documents discussed in our workshop by team, re-
ferring to the content participants wrote on sticky notes during the 
study. The authors reviewed the entire transcripts with memoing 
in order to be immersed in our workshop data [15]. Afterward, we 
conducted thematic analysis [27] by following the six phases of 
thematic analysis suggested by Braun and Clarke [9]. We coded 
with the goal of deriving interpretations of the designers’ work-
shop experiences found in the transcripts, focusing on participants’ 
workshop participation methods and tendencies, their perceptions 
of sustainable design, problematic situations, and further require-
ments. In particular, we noted topics that participants emphasized 
or mentioned repeatedly during the study in order to be consid-
ered important and revisited them repeatedly until the fnal theme 
was selected. We derived the fnal themes through the process of 
adding, deleting, and revising initial codes. Finally, we structured 
the themes by diferentiating between the designers’ perceptions 
and difculties regarding the SID observed in the workshop. 

4 FINDINGS 
In this section, we report the fndings of our study, focusing on par-
ticipants’ perceptions of SID in digital services and the difculties 
they encountered when frst attempting this approach. This study 
focuses on providing an understanding of the experiences of UX 
designers who are unfamiliar with SID as they explore design ideas 
that can reduce digital infrastructure energy consumption. 

4.1 UX Designers’ Perceptions of Adopting 
Sustainable Interaction Design 

The workshop revealed two major characteristics in UX designers’ 
initial perceptions of adopting SID within digital services. First, 
most of our participants perceived SID as a challenging domain 
extending beyond the boundaries of conventional UX expertise. 
This approach was recognized as necessitating richer environmen-
tal support and the establishment of more robust design practices. 
Second, along with the perception that this approach is challeng-
ing, some participants found that after experiencing the workshop, 
contrary to their expectations, they saw the SID approach as an 
accessible and valuable area that requires in-depth UX expertise. 
Despite being a one-time workshop, the fact that this endeavor 
encouraged to shift the perception of some designers regarding 
design for sustainability presents an interesting fnding. 

4.1.1 Challenging Area Beyond the Boundaries of Conventional 
UX Expertise. When UX designers began to approach design for 
environmental sustainability, these sustainable design attempts 
were perceived as challenging and apprehensive. Our participants 
had no previous design experience considering aspects of digital 
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sustainability within the design process, so designing for sustain-
ability was a fresh and unfamiliar topic for all of them. Although 
attempting such an unfamiliar approach naturally carries tension 
and challenges, our results particularly highlight that UX design-
ers anticipated this approach as beyond their normal scope and 
one where they felt unable to showcase their skills efectively. At 
the beginning of the workshop, some participants understood SID 
as a task that was (completely) diferent from their specialty, UX 
design, which led to a lack of confdence and passivity. They had 
low expectations that they could use their expertise to produce 
meaningful results for the workshop. For example, P4 said, “I don’t 
really know much about this feld. I came here thinking I wouldn’t 
have any ideas today.” This perception that design for sustainability 
is an area outside their expertise and their low expectations about 
their capabilities were particularly strong in the early stages of our 
workshop. 

Furthermore, most of the participants in our study had low aware-
ness of digital sustainability as individuals, beyond their lack of 
work experience. This low awareness was revealed through par-
ticipants’ responses during the workshop’s introduction session 
and subsequent debriefng interviews. This fnding supports our 
assumption that not just users but also designers would exhibit a 
low awareness of digital carbon footprints (although this cannot 
be quantitatively assessed and generalized). The realization that 
they were not consciously aware of the environmental impact of 
digital activities in their everyday lives made the participants feel 
even more incapable of successfully engaging with sustainability-
oriented design approaches. This perception negatively impacted 
their initial confdence in suggesting sustainable design ideas. Many 
participants, when introducing their ideas during the workshop, 
used expressions such as “obvious” (P11), “nonsense and worthy 
of criticism” (P11), “ridiculous” (P15), “possibly useless” (P9), and 
“not sure if this is a good idea” (P15). Some participants explicitly 
expressed the challenges of exploring new ideas within 15 minutes 
of starting the workshop, stating things like “I’m a bit stuck now” 
(P1), which sometimes led to self-criticism. 

“I think it would have been better to personally experi-
ence being engaged in digital activities with awareness. 
For example, I could spend a week being conscious of 
my digital carbon footprint. I mean, a period where I 
can gather frsthand insights (moment by moment in 
daily life) on what issues design can address.” (P10) 

As the workshop progressed, the perception that design for sus-
tainability was a challenging approach tended to ease. Nevertheless, 
in the debriefng interviews, participants emphasized that design-
ing for sustainability is (nearly) impossible without environmental 
and practical support to encourage dedicated eforts. During the 
workshops and debriefng interviews, many participants repeatedly 
expressed concern that designing with considerations about digi-
tal infrastructure energy consumption is difcult to pursue solely 
based on individual will, especially if it is not set as a shared goal 
for their team or company. Participants highlighted the necessity of 
institutional and infrastructural support as a fundamental basis for 
driving sustainable design. They felt that without this foundation, 
it would be impossible to enable sustainable design practices that 
took digital infrastructure into account under the existing goals of 

the team and the company. P15 pointed out that, with the exception 
of a few global companies, environmental sustainability is rarely 
included as an important value in the design process in many of the 
current corporate environments, and that additional motivation is 
essential for this approach to be adopted in practice. 

“I can’t reconcile the (company’s) existing interests, I 
can’t. (...) I’d prefer it if regulations were set by the 
government, so there’s a framing (that encourages this 
approach), like it’s a trend to consider digital infrastruc-
ture in the design process. (...)” (P14) 

During the workshop, participants also experienced various chal-
lenges in design decision-making (reported in more detail in Sec-
tion 4.2). In particular, the lack of practical design references and 
decision-making criteria for designers to efectively consider UX 
and digital infrastructure energy consumption together made it 
difcult for them to make efective judgments. This left participants 
unsure about the decision-making process for sustainable design 
and caused confusion throughout the workshop. They argued that 
design principles and evaluation methods for sustainable design can 
difer from those for conventional UX design, which is sometimes 
essential to apply diferent criteria. For example, P12 noted, “The 
direction of sustainability (...) requires a diferent approach because it 
is associated with better social outcomes, even if it means compromis-
ing my UX slightly.” P4 said, “In contrast to traditional UX principles, 
designing for sustainability may require a new paradigm. For exam-
ple, there used to be an accepted rule that designs that are negative 
or guilt-inducing (to the user) are bad (in conventional UX design)” 
emphasizing the need for additional practical knowledge and met-
rics to support design for sustainability in digital infrastructures 
beyond conventional UX design. 

4.1.2 A Design Approach Accessible, Valuable, and Requiring In-
depth UX Expertise. Along with the recognition that considering 
the energy consumption of digital infrastructures is a challenging 
approach in current practice, several participants (P4, P7, P8, P11, 
P12, P13, and P14) gradually came to accept it as an accessible and 
worthwhile domain for them as UX designers. Although not all 
participants experienced this shift in perception, one interesting 
fnding was that, during a workshop of about 2 hours, there was a 
noted change from initially perceiving the domain as outside their 
role and expertise to accepting it as a domain worth exploring and 
necessary. This section focuses on how some participants inter-
preted and empathized with the value of SID through the workshop. 

Participants explored and discussed a total of 158 design ideas, 
gathered across fve workshop sessions. (Recognizing that it is 
nearly impossible to accurately measure the resulting digital infras-
tructure energy consumption of design ideas [81] and that work-
shop participants are not sustainability experts, some design ideas 
are likely to be unimplementable or have no environmental beneft, 
but all ideas that generated meaningful discussion were counted.) 
Most ideas were aimed at reducing infrastructure energy consump-
tion without excessively compromising the existing user experience, 
but, interestingly, ideas were often presented that not only had envi-
ronmental potential but enhanced UX by addressing pain points for 
existing users. The discussion of these ideas provided new insights 
for participants and exposed them to the possibility that sustainable 
design, which is often thought of as the antithesis of improving 
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user experience, can actually be both UX and environmental sus-
tainability. 

For example, Team 5 proposed “an option to set the main page 
of a banking app to retrieve data only when the user takes action to 
view asset information” in order to prevent the exposure of fnancial 
information in public. This was addressed as a way to improve UX 
while saving infrastructure energy by preventing unnecessary data 
loading for the user. As other examples, the following ideas were 
presented: “Providing an option to recommend deleting all empty 
documents after a certain period of time, such as ‘Untitled’ (Notion, 
Google Drive, Figma)” (Team 1); or “Introducing a binge-watch mode 
in video streaming services; when this mode is turned on, it would 
automatically skip all openings, download the next episode, and seam-
lessly play it (Netfix, Disney+, Tving)” (Team 3). Team 1’s idea was a 
result of solving the hassle of manually deleting pages that users no 
longer need (P1’s personal experience) while reducing unnecessary 
data storage. Team 3’s idea was to support the user’s continuous 
video-watching experience while allowing them to automatically 
download videos at times of low trafc to enable energy-efcient 
data transfer compared to live streaming. When discussing sustain-
able design ideas that could improve the existing user experience, 
many participants (P1, P4, P5, P6, P7, P8, P9, P10, P11, P12, and P14) 
expressed their personal desire to add these features to existing 
services. Although most participants expected before starting the 
workshop that SID would be a process that requires completely dif-
ferent discussions from general UX design, through the discussion 
of the workshop, some participants gradually accepted SID as an 
area where UX designers have the potential to explore design fea-
tures that beneft both UX and environmental sustainability. They 
acknowledged that there was an area of environmentally and user-
friendly design that had not yet been fully explored and that there 
was a need for design approaches that consider the environmental 
sustainability of digital infrastructures. Quoting P1, they came to 
understand that “it’s not fundamentally diferent from how we think 
about traditional UX in the grand scheme of things.” 

“I thought there could be more opportunities in some-
thing more common and routine than we thought. And 
I think it’s kind of like, ‘Oh, there’s so many things that 
could be good for me (the user) in a lot of ways (in terms 
of experience),’ but at the same time, there’re so many 
things that could be good for sustainability.” (P11) 

Furthermore, we found that they tended to recognize and ap-
preciate the importance and meaning of UX designers’ approach 
to designing for sustainability itself. They thought that UX design 
professional skills can play an important role in presenting design 
changes for sustainability without inducing resistance from users 
and an important role in driving “unconscious behavior change” (P8) 
in users. In particular, through a process enriched with discussions 
not only on sustainability perspectives (e.g., which ideas are more 
energy efcient) but also on user-centric considerations (e.g., what 
considerations are needed to ensure that the idea fts harmoniously 
within the usage journey of existing users), participants focused on 
the explorability of solutions that pursue both UX and environmen-
tal sustainability. 

Most participants shared that they were largely unaware of the 
impact their designs had on the energy consumption of digital 

infrastructures before the workshop. The information presented 
through the workshop’s introduction session and materials pro-
vided participants with a new awareness of environmental impacts, 
which in some cases contrasted with their existing understanding. 
In particular, misconceptions about the energy consumption asso-
ciated with video streaming versus downloading were revealed as 
a representative example. In the words of P9, “Downloading feels 
like it consumes more energy and feels more intense than streaming.” 
The experience of confronting the environmental impact of their 
designs for the frst time was an awakening for the participants, 
prompting them to refect on the importance of designing with an 
awareness of digital infrastructure energy consumption. P7 com-
mented, “I didn’t realize all this stuf—that it takes a lot of energy 
to store this (data). I just thought it was annoying that this video (I 
didn’t even want to watch) was playing (automatically), but I didn’t 
realize that it could have a bad impact (environmentally).” 

4.2 Difculties in Adopting Sustainable 
Interaction Design 

Along with designers’ initial perceptions of SID, we found that UX 
designers face various difculties in trying and adopting SID within 
digital services for the frst time. This can be a natural challenge 
people experience when attempting an unfamiliar task for the frst 
time. We aim to identify obstacles to considering digital sustain-
ability in the digital service design process, especially for designers 
who lack experience in designing for environmental sustainability. 
In this section, three types of difculties are presented: 1) Difcul-
ties in Initial Engagement and Focus; 2) Challenges in Technical 
and Environmental Decision-Making; and 3) Psychological Hur-
dles. Each difculty is presented in two to three detailed aspects, a 
summary of which is presented in Table 2 at the end of the section. 

4.2.1 Dificulties in Initial Engagement and Focus. One of the initial 
difculties when frst approaching SID in terms of digital infrastruc-
ture energy consumption was made by the nature of the concept 
of sustainability and a lack of relevant design experience. These 
difculties can be a signifcant barrier to designers’ frst attempts 
at SID and to immersion in this design approach. This difculty, 
“Difculties in Initial Engagement and Focus,” consists of the fol-
lowing three aspects: 1) The overwhelming scope of sustainability; 
2) Pressure from the complexity of the sustainability concept; and 
3) Insecurity due to lack of experience. 

1) The overwhelming scope of sustainability. First, participants 
tended to be overwhelmed by the use of the term digital sustain-
ability as a design goal introduced in the workshop. In particular, 
the broadness of the concept of sustainability made it difcult for 
them to know where to start thinking. The confusion comes from 
the fact that the design goals that include the term sustainability 
are too broad and cover a variety of areas. Although our workshop 
was limited to environmental sustainability issues related to digital 
infrastructure energy consumption, participants considered this 
to be still broad. Several participants expressed the difculty that 
the use of the term digital sustainability as a design goal, with only 
the ultimate goal point of “reducing digital infrastructure energy 
consumption” being presented, allows for too many approaches 
and ideas at the start. 
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“I think it was hard to come up with at frst because 
there are so many diferent ways to approach it, like how 
to just reduce energy consumption (through changing 
algorithms or processing methods), how to increase user 
awareness, and so many diferent ways, so I think the 
goal needs to be (more) clear.” (P5) 
“I think it (the goal) seemed daunting to me, so I just 
kind of defned it in my own mind and thought of it as 
reducing the amount of water that goes into the data 
center (...) Once I narrowed it down to a data manage-
ment level instead of a macro level; I thought it was 
something I could handle.” (P9) 

To overcome this vagueness, participants initially took the strat-
egy of narrowing down and identifying for themselves the scope or 
detailed goal of reducing the energy consumption of their digital 
infrastructure. This included a variety of detailed design goals, such 
as reducing the amount of data generated, enabling better data 
deletion, utilizing less data when certain features are implemented, 
reducing the frequency of real-time communication, adjusting the 
timing of real-time communication, or increasing users’ awareness 
of their digital carbon footprint. Some participants segmented by 
the target product type, as “services of the same type, such as stream-
ing services, mail services, tend to have similar UX” (P6). Some also 
explored ideas at multiple levels of design intervention, such as “tar-
geting impacts through detailed changes to the UI, or through changes 
to the direction or concept of the service itself” (P4). Narrowing the 
design scope and goals helped participants translate the concept 
of digital sustainability, which they felt was too broad, into more 
specifc and practical design goals. 

2) Pressure from the complexity of the sustainability concept. In 
addition to the broad design goal that includes the term sustainabil-
ity, the pressure to understand and address its profound meaning 
and signifcance was also found to be an initial barrier for designers. 
We found that the term sustainability was perceived by participants 
as more than just an area they were not familiar with; it carried a 
weight that made it daunting to tackle and was seen as a complex, 
broad concept that was difcult to grasp. P9 expressed feelings of 
being overwhelmed several times during the workshop and said, “I 
feel overwhelmed when I hear that the design goal is for ‘sustainabil-
ity.’“ While this burden of conceptual complexity could facilitate 
deep and careful thinking, it was found to be one of the causes 
that prevented participants from exploring ideas more freely and 
efectively. For example, P7 noted, “When I frst came up with the 
idea, it was too hard, but then I changed it to, ’What are some of the 
features that have been pushed on me that I don’t really need,’ and 
then it became easier to ideate.” 

3) Insecurity due to lack of experience. Insecurity due to lack of 
experience with new approaches was also found to be one of the 
factors hindering participants’ engagement. These initial concerns 
were due to uncertainty and fear of a new feld. This tended to ease 
as the workshop progressed and discussions between participants 
became more active. In fact, during the initial ideation process, we 
observed that participants needed sufcient time due to their lack of 
experience, but soon after this burden was alleviated, they explored 
and discussed a variety of ideas more comfortably and sequentially. 

4.2.2 Challenges in Technical and Environmental Decision-Making. 
Another major difculty that inhibited design discourse was when 
participants explored and developed ideas with the potential of 
reducing digital infrastructure energy consumption. In the work-
shop, we provided some knowledge about user trends, design ap-
plications, and design examples for sustainable design based on 
previous literature (Appendix A), but participants needed more 
practical, contextual, and detailed knowledge in the ideation pro-
cess. The practical challenges that prevent smooth discussion of 
design ideas consist of the following three aspects: 1) Complex-
ity in estimating energy consumption for features; 2) Difculty in 
grasping feature development and processing principles; and 3) 
Uncertainty in evaluating the technical feasibility of design ideas. 

1) Complexity in estimating energy consumption for features. In 
the process of exploring sustainable design ideas, we found that the 
most critical difculty inhibiting design decisions was the struggle 
to estimate the infrastructure energy consumption for each design 
feature. Much of the discussion and debate during the workshop 
stemmed from the difculty of accurately predicting and estimating 
the actual impact of each design idea on the resulting infrastructure 
energy consumption. Some participants (P1, P2, P3, and P7) explic-
itly expressed this confusion as the biggest challenge in designing 
for sustainability. 

“This is something that keeps coming up, but I think it’s 
the most difcult thing because I don’t know how much 
infuence this has (on infrastructure energy consump-
tion), how much actual efect it has, which of the ideas 
is better, and so on, and that’s why I think it’s the most 
difcult thing.” (P1) 

First, the lack of knowledge about the energy consumed to imple-
ment existing features made it difcult for participants to determine 
which features of the existing service could be improved during the 
initial ideation process. P10 described this lack of technical knowl-
edge as “making it difcult to defne the problem” for SID. It also 
prevented participants from answering the fundamental question 
of whether their solution ideas were truly more energy-efcient 
than the existing ones. Sometimes, in discussing their ideas, par-
ticipants were faced with the dilemma that their concepts had the 
potential to further increase the carbon footprint by introducing 
additional processes not present in the original design. Participants 
contended that meaningful design is contingent upon having a 
thorough understanding of specifc technical information, which 
enables its efective application in their designs. In particular, the 
lack of specifc and reliable data to estimate these energy consump-
tions not only made it difcult to determine the validity of each 
idea, but the continued ambiguity also led participants to question 
the value of their attempts to design for sustainability. 

“Now, if (the solution idea we presented) causes addi-
tional data processing, I think we might need to know 
the technical implementation process itself in order to 
think of another way to avoid this.” (P2) 

“Now we are considering digital sustainability, but we 
are just thinking and putting it out here without any 
concrete data, so it’s a little bit hard to get a sense of 
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how efective it is. I’m confused as to whether we are 
coming up with an idea worth putting efort into.” (P14) 

2) Difculty in grasping feature development and processing princi-
ples. We also found that the designers had difculty understanding 
the technical development and processing principles of features 
that are/will be implemented within existing digital services. With 
the exception of three (P12, P13, and P15) who had development-
related knowledge, all participants in our study found it difcult to 
anticipate how certain features of digital services are technically 
implemented. Basic knowledge of how these features are imple-
mented was useful information for participants to estimate and 
compare energy consumption among features (even though it is 
not accurate) in the process of exploring ideas that are more pro-
environmental than existing functions of current services. During 
the workshop, participants asked questions about the specifc pro-
cessing of existing features, and most participants relied on guesses 
and intuition to discuss their design. 

“(For example,) if there are fve fles (in Google Drive), 
does it load all fve fles the moment I log in? Or does 
it just bring up the list (at frst) and then you have to 
open (the fle) and then it brings it up?” (P3) 

Because designers are not necessarily required to discuss these 
technical aspects in most UX design processes, the participants 
were unfamiliar with these considerations. As a result, their lack of 
understanding of technical developments and processing principles 
presented a new challenge that difered from the general UX design 
process. 

3) Uncertainty in evaluating the technical feasibility of design ideas. 
Participants also faced a hurdle in determining whether an idea was 
technically feasible or not. In our workshops, participants struggled 
to determine if the suggested designs were actually implementable. 

“Like, I think it would be great to design it this way, 
but I’m not sure if we can actually develop it. Can it 
be implemented? Is this a feasible design? I think those 
parts were huddles.” (P5) 

The ongoing uncertainty about whether the various solution 
ideas presented during the workshop could actually be implemented 
proved to be a signifcant hurdle for participants. This was a com-
mon challenge that participants often faced. 

4.2.3 Psychological Hurdles. Finally, psychological barriers and 
internal conficts faced by designers were identifed as the main 
difculties in the process of design ideation while considering the 
infrastructure energy consumption of digital services. These psy-
chological challenges add a new dimension of consideration to the 
design process. This consists of two aspects: 1) Tension between 
established design practices & proft motives and sustainable de-
sign; and 2) Dilemma in aligning user expectations with sustainable 
design goals. 

1) Tension between established design practices & proft motives and 
sustainable design. We discovered conficts with existing practices 
related to the proftable elements pursued by digital companies. For 
example, this includes the following conventional design directions: 
keeping users on the service longer and making them addicted; 
driving more frequent interactions with users, such as increasing 

the number of clicks or the frequency with which users see ads; 
and collecting and storing more user data to train models. These 
conventional design practices often pointed in the opposite direc-
tion to the SID ideas proposed by the participants. As designers, 
participants experienced confusion about how to accommodate and 
represent the position of each digital service company, while not 
losing sight of the purpose of the workshop. Some participants also 
felt that this was a dilemma because these proft factors were not 
just for the company but also for the performance they wanted to 
achieve as designers. For example, P9 suggested the idea of “adding 
a small indicator alongside the function buttons on the bottom right 
that counts how many short-form videos you’ve watched in a row to 
date” in the interface that shows Shorts videos on YouTube. The 
idea is to give users a visible indication of their digital usage so that 
they can be aware of the amount of content they watch. However, 
P9 said that if s/he were a YouTube designer, s/he “wouldn’t want to 
do this” because of the designer’s “personal performance” needs. P9 
also mentioned, “I don’t want to think about digital sustainability 
as a designer, so I’d like other departments to take care of that aspect 
separately.” 

“Because the number of views is very important right 
now. If tens of millions, or even millions, of people 
viewed this, that could be performance, in a way, for 
YouTube. This is also true as a designer. Because, if I 
removed this button from Shorts and the number of 
views increased dramatically, it could be a personal per-
formance number. When I put this button and people 
started not watching, I thought it would be difcult be-
cause of the direction of proper sustainable design and 
the goals of service providers confict.” (P9) 

As such, fnding a balance between existing practices that seek 
to increase users’ digital participation and the constraints required 
by a pro-environmental approach was a major challenge for partic-
ipants. 

2) Dilemma in aligning user expectations with sustainable design 
goals. Another psychological hurdle was the hesitation to develop 
ideas when the direction of design aiming for digital sustainability 
diverged from the conventional user-centered design approach. 
This was not true in all cases, but in some cases, ideas that could 
bring environmental benefts had the potential to harm the existing 
user experience, requiring exploration of strategies that would not 
require signifcant sacrifce of the existing experience. For example, 
in Team 4, while developing an idea to show users the infrastructure 
energy consumption of their digital activities, the team discussed 
how to ensure that this guidance would not detract from the existing 
digital experience and provide a sense of guilt. As a result, the 
idea was developed to provide explanatory information that would 
appeal to users with a desire for digital detox or a need to save 
battery consumption. On the other hand, we also found that the 
participants’ opinions often contradicted what they pursue as end 
users and the design direction of their ideas. During the workshop 
discussion, P10 expressed that “the things that are required to move 
towards digital sustainability are things that I don’t want to give 
up as a user”. This psychological confict was often found during 
discussions about how much force or restriction to impose on users. 
In response to these psychological hurdles, participants recognized 
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Table 2: UX Designers’ Difculties in Adopting Energy-Efcient Sustainable Interaction Design in Digital Infrastructures 

Difculty Detailed Difculty Description 

Difculties in Initial Engagement The overwhelming scope of Difculty in understanding where to start due to 
and Focus sustainability sustainability’s wide scope 

Pressure from the complexity of Feeling burdened by the deep meanings associated 
the sustainability concept with “sustainability” 
Insecurity due to lack of Lack of confdence stemming from not having 
experience enough experience with the approach 

Challenges in Technical and Complexity in estimating energy Difculty in estimating the energy usage of each 
Environmental Decision-Making consumption for features feature due to various complex factors 

Difculty in grasping feature 
development and processing 
principles 

Challenge in understanding how specifc features 
are technically developed and processed 

Uncertainty in evaluating the Difculty in determining if a design idea can be 
technical feasibility of design ideas realistically implemented 

Psychological Hurdles Tension between established 
design practices & proft motives 

Confict between conventional design methods that 
often demand more digital engagement from users, 

and sustainable design and the necessity to focus on proftability 

Dilemma in aligning user 
expectations with sustainable 
design goals 

Struggle to balance what users expect from a digital 
experience with sustainable design 

that balancing conficting factors while appropriately moderating 
their levels is an important challenge in SID. 

“As I was designing this, I kept thinking about it from the 
user’s perspective, too, and I think that’s where some 
of the conficts came in. It was, like, on one hand, I 
could see the purpose and potential of the design, but 
then, stepping into the perspective of a user, I realized 
it might be inconvenient or a bit of a hassle. So, these 
two thoughts were kind of clashing in my mind.” (P11) 

“I felt like forcing it is not the way to go, but then again, 
just leaving it up to individual choice seems like nobody 
would do it. Finding that balance was really challenging, 
and that’s why I started thinking about ideas like orga-
nizing events or running campaigns to kind of nudge 
people in the right direction.” (P6) 

5 DISCUSSION 
Through this study, we discovered that UX designers new to design-
ing for sustainability perceive this design approach as a challenging 
domain that extends beyond their area of expertise. Meanwhile, the 
workshop enabled several participants to recognize this approach 
as an accessible and worthwhile feld. The fact that a short but im-
mersive experience of exploring and discussing design approaches 
can expand the way designers view design for sustainability seems 
like an opportunity to encourage more designers to engage with 
sustainability-oriented design. In this section, we discuss our recog-
nition of these opportunities and ways to mitigate the challenges 
and hurdles for UX designers unfamiliar with these approaches. 

5.1 Potential for Broader Engagement of UX 
Designers in Design for Sustainability 

Our workshops provided UX designers with an intensive experience 
of recognizing the environmental impact of digital infrastructures 
and exploring and discussing design features that have the poten-
tial to reduce it. Our fndings show that this brief yet impactful 
initiative to explore sustainable design ideas can encourage some 
UX designers to recognize that eforts to consider digital infras-
tructure energy consumption within the UX design process are 
an important and worthwhile approach. Because the meaning of 
sustainability and thoughts about its application are complex is-
sues that rely heavily on people’s personal beliefs and values [62], 
there was no expectation that consistent perceptions would be 
observed across all designers in our study. Given that designers 
are also digital users, our expectation was based on the fndings 
of Péréa et al. [66], who identifed fve diferent levels of users’ 
perspectives on digital sobriety. Accepting these diferences in per-
sonal perspectives on sustainability, we note that the experience 
of our workshop positively infuenced several designers’ percep-
tions of sustainable design, even though the designers faced very 
diferent challenges during our workshop and, in most cases, made 
unsatisfactory design decisions based on guesswork. 

Previous research has mostly emphasized the low awareness of 
digital carbon footprint among digital users [8, 28, 42], and our fnd-
ings show that designers also lack awareness of this issue. Designers 
who were infuenced by the workshop experience to acknowledge 
the positive value of sustainable design were particularly interested 
in the fact that they had previously been unaware of the negative 
impact their design work could have on the environment. This 
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realization opened up the possibility of thinking in a direction that 
they had not previously considered. This relates to Nieminen et al.’s 
remark that good designers understand the impact of their designs 
[60], where “impact” initially referred to the efects on users, and 
our results demonstrate designers’ interest in and willingness to 
understand the broader impact. In this respect, we see the possibil-
ity of increasing designer awareness of digital carbon footprints 
and their greater participation in designing for sustainability. 

In the feld of SID, the need for connections with the professional 
UX feld has been discussed consistently [18, 36]. More recently, a 
few global companies have recognized their responsibility for the 
negative environmental impacts of their digital products, and as part 
of various pro-environmental eforts, design interventions within 
their digital products have emerged. For example, Google reported 
that several sustainability features, including the eco-friendly rout-
ing feature within Google Maps, “prevented more than 1.2 million 
metric tons of carbon emissions from launch through 2022” [29]. 
As in the case of Google, some designs can actually help the envi-
ronment; however, others may have no real beneft or even backfre 
despite being designed with the environment in mind. These issues 
were identifed in our study as an obstacle preventing designers 
from making confdent and rational decisions. However, we believe 
that designers should have awareness of and empathy for SID’s 
orientation, be aware of the environmental impact of their work, 
and act on it if necessary before moving on to the discussion of 
what is actually a good, sustainable design. Taking accessibility 
design as an example, some designs can genuinely help people with 
disabilities, whereas others, despite having good aims, do not help 
them or even have the potential to discriminate. Nevertheless, as 
designers become more aware of and sympathetic to the need to 
consider accessibility in the design process, we see more exam-
ples of good accessible results. In this context, our fndings were 
noteworthy, showing that through a short workshop, even general 
UX designers, who do not specialize in this area, can understand 
and see their UX expertise as accessible and valuable in addressing 
the environmental impacts associated with digital infrastructures. 
This realization underscores the potential for broader engagement 
within the professional UX community toward SID, refecting an 
understanding and appreciation of the environmental dimensions 
of digital product design. 

5.2 Addressing the Initial Challenges of UX 
Designers in Designing for Sustainability 

At the same time, our fndings on various difculties in the design 
process for sustainability show that encouraging more UX design-
ers to design for sustainability comes with several difculties. In 
particular, for participants who consistently held challenging per-
ceptions of existing SIDs, these difculties made sustainable design 
seem even more out of their reach. The main difculties were a lack 
of knowledge and resources to make rational design decisions and 
psychological hurdles that conficted with existing design practices. 
Although some have viewed these rising challenges as a positive 
factor in maintaining creative engagement with the task [16], the 
difculties we found in our study acted as a negative factor for par-
ticipants, slowing down and confusing the decision-making process 
of the design task. 

Our research highlights the importance of setting specifc and 
segmented goals for designers new to SID. A broad goal of reduc-
ing the energy consumption of digital infrastructure can make it 
difcult for designers to generate practical ideas at the early stage. 
While this fnding of difculty may be a limitation of our workshop 
setting, these activities will likely be included and described under 
the broader concept of sustainability, even as this extends beyond 
the limited workshop setting and into practice. This possibility is 
supported by the current practice where the terms “Sustainability 
[2, 30, 59]” and “Environment [3]” are used by teams formulating 
better environmental strategies in organizations. While broad goals 
could allow for exploring diferent perspectives and approaches, our 
fndings underscore that the participants actively narrowed down to 
more specifc and practical goals and approaches, indicating a clear 
need for concrete objectives to facilitate efective idea generation. 
Further research on understanding specifc design improvement 
directions or approach strategies that are useful for reducing digi-
tal infrastructure energy consumption could provide well-defned 
design goals. Detailed design goals specifed by designers in our 
workshop, as presented in Section 4.2.1, serve as good examples. 
These include reducing the amount of data generated, enabling 
better data deletion, utilizing less data when certain features are 
implemented, reducing the frequency of real-time communication, 
adjusting the timing of real-time communication, and increasing 
users’ awareness of their digital carbon footprint. Narrowing the 
scope of the goal by targeting specifc usage scenarios or personas 
can also help designers in participating in more efective initial 
engagement. 

Next, we identifed various technical and environmental decision-
making challenges as the most common difculties preventing UX 
designers from designing rationally. This consists of difculties in 
estimating specifc processing methods and energy consumption 
for each design feature within digital services and identifying the 
feasibility of design ideas. To support this problem, the developmen-
tal and environmental knowledge needed in the decision-making 
process of designing for sustainability can be provided in a form 
useful at various stages of the design process. Refecting the sug-
gestions by Remy et al. [68] that delivering knowledge of SHCI 
design would be helpful in the early stages and specifc tools or 
applications in the later stages of practical SID solution exploration, 
we further specify and expand this. Design for sustainability re-
quires multidisciplinary knowledge that is not typically required in 
traditional UX design decision-making processes. Recently, these 
challenges have been faced similarly in the feld of service design 
that applies advanced technologies such as AI/ML, and researchers 
have emphasized the importance of promoting collaboration with 
experts from other disciplines (especially technology) [50, 88, 89]. 
In designing for sustainability, we also suggest that it would be 
useful to facilitate collaboration with experts in the technical and 
environmental felds to supplement knowledge beyond the exper-
tise of UX designers. This proposal aligns with the ongoing call 
for multidisciplinary expertise and collaboration in the SHCI com-
munity [13, 77, 78], as summarized in the review article by Bremer 
et al. [10]. In addition, although tools for assessing the complex 
carbon footprint of digital products for sustainable development in 
SHCI have been actively developed and used in practice [72], lim-
ited focus has been paid to tools from the perspective of designers 
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and in support of sustainable decision-making within their design 
process. Similarly, to support designing with AI, Google’s People 
+ AI Research (PAIR) team has produced open-source tools and 
a practical guidebook [31]. These examples are built on data and 
insights from industry experts and academic research in the feld 
of AI design, conveying a level of knowledge that design practition-
ers can understand and utilize—good examples for us to follow. In 
particular, the guidelines could efectively address and clarify the 
characteristics of designing for sustainability, which our partici-
pants found confusing due to their distinct nature from traditional 
UX design. For this, additional research is needed to contextualize 
the lessons and decision-making cases of experts with sufcient 
experience in sustainability design. This aligns with Preist et al.’s 
[64] call to the SHCI feld for further research that can be used 
to develop accessible guidelines for the design considering digi-
tal infrastructures. Furthermore, these guidelines should not only 
consider the energy consumed by specifc design features but also 
encourage speculation on various secondary outcomes that these 
changes might induce related to the rebound efect. For example, 
the “binge-watch mode in video streaming services” introduced by 
Team 3 in Section 4.1 could slightly reduce the energy consumption 
caused by individual users streaming multiple episodes consecu-
tively. However, this experiential convenience might inadvertently 
encourage more users to watch streaming videos, increasing overall 
usage. It is essential, therefore, to prepare and make eforts to in-
clude aspects in the guidelines that enable designers to contemplate 
both the direct implications of their designs, such as the impact on 
energy consumption in digital infrastructures, and the broader po-
tential secondary results. Such preparation is crucial for designers 
to better understand the “real” impact of their design decisions. 

In the process of designing for sustainability, conficts with ex-
isting design practices and expectations as users were also a psy-
chological hurdle for UX designers. Among them, the dilemma of 
conficts between sustainable design directions and existing design 
practices is similar to the fndings of Sánchez Chamorro et al. [70] 
that designers are constrained by organizational practices when 
dealing with ethical issues in design such as “dark patterns.” They 
noted that organizations “impose their own agenda” on designers 
and “make them accept their limitations as a designer” and argued 
that under these circumstances, in order for design practitioners to 
engage with these additional issues, it is important for them to ad-
just the level of responsibility for the evaluation of design outputs, 
thus eliminating the risk of contending with negative results. They 
also said that, to achieve this guarantee, the organization needs to 
review and balance expertise related to the additional topic (in our 
case, sustainability). We also recognized a need to defne the respon-
sibilities and roles of designers within the organization in order to 
support design practitioners in taking on topics of digital sustain-
ability that are not typically considered in traditional practice. As 
evidenced by our study’s observation, designers are concerned that 
the reduction in user lock-in, resulting from designing for digital 
infrastructure energy consumption, would negatively impact the 
performance of organizations and also designers. The digital capi-
talist economy, thriving on “engagement,” frequently clashes with 
the environmental costs of this engagement. Designers could be 
caught in a confict where the proft-oriented goals of employers 
or clients restrict their ability to make necessary choices for SID. 

Bonnie Nardi [57] pointed out that underlying these challenges is 
the broader problem of capitalism, which remains unaddressed yet 
is a critical aspect of the difculties in implementing sustainable 
practices. While we could question capitalism itself, we propose that 
exploring and reviewing political and economic alternatives within 
the current context is important for practical implementation. To 
further this point, it is essential to identify and deploy strategies 
that facilitate the incorporation of sustainable practices within cap-
italist frameworks. One practical method we suggest is to leverage 
ESG (Environmental, Social, and Governance) reports, which are 
periodically required for corporations. By prominently featuring 
and assessing design initiatives for digital sustainability in their re-
ports, corporations can go beyond simply fulflling environmental 
responsibilities and actively recognize these eforts as key perfor-
mance indicators, thereby encouraging more vigorous sustainable 
practices. Furthermore, we emphasize that the formation of a con-
sciousness and culture where it is considered valuable and trendy to 
view such sustainability considerations can help to resolve psycho-
logical conficts among designers. This aligns with previous studies 
and discussions on the need to establish a culture that recognizes 
and pursues digital sustainability as important at regulatory and 
societal levels [11, 19]. These trends and the formation of a culture 
may play a role in recognizing that adopting sustainable design is 
not just about being environmentally responsible but is a way to 
incorporate creativity and innovation in design. 

6 LIMITATION AND FUTURE WORK 
Our participants did not include individuals with a high interest 
in the environment or prior knowledge about the digital carbon 
footprint, which may prevent us from fully understanding the per-
spectives of the broader group of UX designers. Further studies 
targeting designers who already practice sustainable actions in their 
daily lives or have expertise in sustainability could ofer deeper 
discussions and further exploration. Furthermore, in our design 
workshops, it was revealed that UX designers’ technical knowledge, 
which enables them to understand and hypothesize the develop-
ment methods of specifc features in digital products, plays a crucial 
role in their design process for sustainability. We did not investigate 
the participants’ background knowledge in front-end and back-end 
technologies during the recruitment process, but conducting design 
workshops with various combinations based on this information 
could provide additional insights. 

Also, all participants in our study were from South Korea. This 
means that our fndings might refect the digital practices, in-house 
design culture, and laws and regulations specifc to South Korea. 
As the impact of sustainable UX design could be maximized when 
implemented in digital services with a large number of users world-
wide, further research can be conducted to reveal specifc problem 
situations that refect the cultures of more diverse countries and 
companies. Additionally, our study took the form of a one-time 
workshop and focused specifcally on the initial ideation stage. Thus, 
generalizing our fndings to the entire design process is challenging. 
In reality, when sustainability is added as another design goal in 
a company’s design process, designers might face challenges that 
are much more diverse and complex than what we identifed in our 
research. Targeting design phases other than the ideation stage to 
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examine additional challenges and needs could present meaningful 
design opportunities. 

Lastly, our study specifcally addressed the environmental impact 
of digital infrastructure with a focus only on the energy consump-
tion related to data storage, transmission, and processing. This 
research scope does not encompass the negative environmental 
efects caused by physical infrastructure, making it challenging to 
describe our workshops as covering the full spectrum of digital 
infrastructure’s environmental impacts. Similarly, our workshops 
did not include aspects of reducing the use of fuels or physical prod-
ucts through SID interventions within digital services. However, 
these approaches could provide more specifc design objectives 
compared to the broader and complex goal of reducing energy con-
sumption in digital infrastructure. Therefore, we expect that further 
in-depth exploration of these design interventions could prove to 
be a particularly valuable contribution to enhancing environmental 
sustainability through UX design within digital services. 

7 CONCLUSION 
In an efort to reduce the environmental impact of various digi-
tal services that are deeply embedded in our daily lives, several 
academic and practical approaches have attempted to intervene 
through design within digital services. However, understanding 
the opportunities for more UX designers to engage with design ap-
proaches for sustainability (especially in terms of carbon footprint 
from digital infrastructure energy) and their experiences has not 
been explored in depth. This study examined UX designers’ initial 
experiences exploring design ideas within digital services toward 
reducing energy consumption in digital infrastructures. Through a 
design workshop and debriefng interviews, we focused on iden-
tifying designers’ perceptions of design for sustainability and the 
various challenges they face when ideating sustainable design fea-
tures for existing digital services. In terms of UX designers’ early 
perception, our results show that UX designers new to designing 
for sustainability perceive this approach as challenging beyond 
their conventional UX expertise and that the brief experience of 
this approach could lead them to interpret it as an area where their 
UX expertise can be accessible, valuable, and essential. Along with 
UX designers’ perspectives toward sustainable design, various con-
fusions and conficts were discovered that should be understood to 
support the perceived value of designing for sustainability. These 
include challenges such as the broad scope and complex nature of 
sustainability complicating initial engagements and focus, a lack 
of technical and environmental knowledge necessary for decision-
making in good sustainable interaction design, and tensions be-
tween corporate profts, user expectations, and sustainability. With 
the understanding of UX designers’ initial perceptions and dif-
culties within the sustainable design approach, this paper presents 
insights into UX designers’ attempts at sustainable interaction de-
sign in digital services and suggests ways to overcome or mitigate 
their challenges. We hope that our fndings and implications will 
provide a general understanding and inspiration to encourage and 
efectively support more general UX designers’ consideration of 
digital sustainability aspects in their design process. Furthermore, 
we hope that this study will motivate more researchers to actively 

participate in the HCI community’s eforts toward UX for digital 
sustainability. 
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are organized into three distinct categories, each presented as a 
one-page document: 

• User Tendencies Toward Sustainable Design: outlines 
how users typically respond to and interact with sustainable 
design elements (Table 3). 

• Implications for Digital Sustainable Design: discusses 
the important considerations and suggestions for acceptable 
and efective sustainable practices in digital design (Table 4). 

• Examples of Digital Sustainable Design: provides specifc 
instances and recommendations for incorporating sustain-
ability into digital services (Table 5). 

Table 3: Document 1 - User tendencies toward sustainable design 

No. User tendencies toward sustainable design Reference 

1 
Users tend to reject changes that require signifcant sacrifces compared to 
their existing habits. [28], [21] 

- Sol 1. Ensure that the new design does not degrade the existing experience so that 
users do not have to compromise. [76] 

- Sol 2. Emphasize the ease of use of the new solution particularly in communications. [21] 
- Sol 3. Encourage users to start with actions they are willing to accept and try. [39] 
If the new sustainable alternatives do not interfere with existing usage goals 

2 and ofer a similar user experience without loss of functionality, users are [28], [21] 
likely to accept them. 

Even users with the willingness to engage in more environmentally friendly 
3 actions often fnd it difcult because they do not know specifcally what they [66] 

should do. 

- Sol 1. Provide information and recommendations on what actions are environmentally 
friendly. [66], [39] 

4 
Users lack knowledge about the environmental impact of their invisible 
digital consumption. [21], [28], [66] 

- Sol 1. Provide users with knowledge about the environmental impact of digital usage, 
avoiding overly excessive approaches. [39] 

- Sol 2. Provide education on the environmental impact of digital usage. [28], [66] 
- Sol 3. Make sure users understand that individual digital environmentally friendly 
actions are sufciently important and efective. [66] 

- Sol 4. Remind users in real-time that their current behavior is not environmentally 
friendly. [39] 

5 
Users tend to reduce their energy consumption when they know their energy 
usage is being monitored by someone else. [24] 

6 
Users become indiferent to data feedback if they think they cannot change 
their existing habitual behaviors. [82] 

7 
Consumers expect companies to fulfll their responsibilities for digital 
sustainability. [21] 

- Sol 1. Inform users about the environmental eforts being made at the corporate level. [21], [66] 
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Table 4: Document 2 - Implications for digital sustainable design 

No. 

1 

2 

Implications for digital sustainable design 

New design proposals require thorough consideration of existing user 
behaviors, motivations, drivers, and contexts to be acceptable to them. 

A variety of approaches are needed to efectively mainstream awareness 
of sustainable practices. 

Reference 

[82], [28] 

-

- Sol 1. Cultivate the perception that sustainable actions are a ’social norm’ 
everyone should follow - encourage the mindset, "If many people consider this 
important, so should I.” 

[39] 

- Sol 2. Increase media coverage of digital carbon footprints to make it more 
well-known. [28] 

- Sol 3. Enable and encourage people to exchange practical information, experiences, 
and insights on environmental practices with each other. [82], [39] 

3 

4 

When providing new solutions, the environmental benefts of the feature 
should be clearly communicated. 

Various approaches are needed to enable users to have agency in their 
actions. 

[21] 

-

- Sol 1. Support users in setting their own specifc and quantitative environmental 
action goals. [39], [51] 

- Sol 2. Allow users to manage and control their own environmentally friendly 
actions. [21], [51] 

- Sol 3. Help users learn the best methods of action on their own. [82] 
- Sol 4. Encourage users to refect on their actions and reconsider the signifcance of 
sustainability in their lives. [39], [11] 

5 
Users should be provided with information to monitor their app usage 
patterns, consumption, energy usage, and environmental impact 
(eco-feedback). 

[51], [65], [28], [66] 

- Sol 1. Visualize the energy consumption and environmental impact of individual 
actions to inform users. [21], [82], [8], [28], [66] 

- Sol 2. Ensure that feedback does not induce additional mental demands, efort, 
or frustration. [48] 

- Sol 3. Provide feedback that acknowledges and respects each user’s personal value 
system. 

- Sol 4. Emphasize providing positive feedback. 

[39], [48], [28], [51] 

[21], [39] 

6 
The design of digital services should emphasize their material aspects 
more. [8] 

- Ex. Current cloud imagery, evoking fufy clouds, obscures the material aspects of 
cloud service, such as servers and cables. [8] 

7 
Facilitating cooperation or competition (comparison) among people for 
environmental actions can stimulate motivation. [36], [66] 
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Table 5: Document 3 - Examples of digital sustainable design 

No. 

1 

2 

3 

4 

5 

6 

7 

Examples of digital sustainable design 

Only automate essential tasks rather than everything in bulk 
(e.g., auto-update only recently used apps) 

Suppress energy consumption when the device is not active 
(e.g., disable WiFi and mobile data when not in use) 

Process tasks during periods of low network trafc 
(e.g., pre-download user-favorite music for ofine listening during of-peak hours) 

Set low energy consumption features as the default 
(e.g., reduce default streaming resolution) 

Provide options that allow users to use only necessary features 
(e.g., ofer an audio-only option for streaming video content to users who only listen) 

Equip users to perform desired actions efciently by ofering detailed guidance 
(e.g., reduce unintended content downloads by providing text descriptions, community ratings, 
and short videos) 
Apply high-quality, energy-intensive content only where essential 
(e.g., avoid excessive visual interactions in less accessed areas of a webpage) 

Reference 

[51] 

[51] 

[51], [65] 

[28], [21] 

[51] 

[65] 

[65] 
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