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Abstract
Information technologies promise to make products and services
more efficient and sustainable, yet the ICT industry has a substan-
tial ecological footprint that is only expected to grow. This calls
for actions beyond improving product efficiency. To this end, we
explore whether demand for data can be moderated by encouraging
‘sufficient’ usage. We combine behaviour change theories with a
critical design approach and conduct a Research through Design
exploration of online consumption speculating about possible di-
rections for reducing data use. Partnering with an internet service
provider, we designed and tested with end users a set of three provo-
types embodying data-sufficient design directions. We reflect on
the results to argue that across the entire system of stakeholders,
there is insufficient awareness of the environmental impact of data
technologies. Further, we conclude by highlighting that contrary
to the belief that interventions aimed at reducing consumption
harm user experience, our results show that moderating data intake
might actually even improve it.

CCS Concepts
• Human-centered computing → Interaction design theory,
concepts and paradigms; User studies.

Keywords
Human-centred design, design for behaviour, systems thinking, crit-
ical design, research through design, human-computer interaction
ACM Reference Format:
Mathijs Bodelier, Maria Luce Lupetti, Roel Dobbe, and Lise Magnier. 2024.
Data sufficient products: speculative design explorations for sustainable
digital futures. In Proceedings of the 27th International Academic Mindtrek
Conference (Mindtrek ’24), October 08–11, 2024, Tampere, Finland. ACM, New
York, NY, USA, 13 pages. https://doi.org/10.1145/3681716.3681719

This work is licensed under a Creative Commons Attribution International
4.0 License.

Mindtrek ’24, October 08–11, 2024, Tampere, Finland
© 2024 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-1823-6/24/10
https://doi.org/10.1145/3681716.3681719

1 Introduction
In only two decades, information technologies have become om-
nipresent in the lives of more than half of the global population
[22]. These have great potential to improve communications and en-
hance the efficiency of many services. Yet, the sheer size of the total
infrastructure behind them has led to a critical discussion on the en-
vironmental footprint of the network itself [3, 6, 39]. With 900,000
km of cable already running below our feet [20] and the largest
data centre almost covering an entire square kilometre [67], this
footprint plays a substantial role in how humans impact the planet.
According to recent studies, the total carbon footprint of the ICT
sector has risen to 1.8% of global emissions; the highest estimates
place this figure at 3.9% [27]. This is comparable to major industries
such as aviation [24] that have been subject to wide-ranging soci-
etal debate. One of the major causes of this persistent growth is that
efficiency improvements are curbed by exponential increases in use
– the so-called rebound effect [68]. For example, experts argue that
despite the increasing use of more efficient computing in the cloud,
the gaming industry could see its total emissions double because
of gaming becoming far more accessible [41]. Similarly, the recent
developments in artificial intelligence (AI) are seen to be catalysing
a radical increase in data consumption, with training costs of a
single natural language processing algorithm being compared to
the carbon dioxide emissions produced by five cars over the cars’
lifetime [63], and the energy costs of deploying AI algorithms being
estimated to surpass the training after a few weeks or months of
deployment [35].

Thereafter, whilst digital services do enable far greater conve-
nience and make services more accessible, their expansive adoption
could start to threaten progress towards climate goals. Further, these
rising emissions not only add to the carbon footprint of ICT but also
burden the availability of finite natural resources. The underlying
material network of cables, devices and computing powerhouses
puts stress on the availability of critical raw materials, reserves of
fresh water and supply of green energy for other usages [6, 20, 55].
Adding to the list of negative consequences, the realisation of hu-
man values is hindered by the quick rise of digital products and
services, such as privacy, security and well-being, along with the
risk of fuelling discrimination and social inequality [7].
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To tackle these concerns, a growing body of literature provides
alternative – more sustainable – perspectives on the development
of digital products and services and on how users may interact
with them. Two emerging paradigms seek to balance efficiency and
demand so that we might stay within planetary boundaries and
achieve a level of sufficiency [14, 18, 43, 51, 57, 73]. On the one hand,
environmental impacts could be reduced by minimising resource
usage at the product level through eco-efficient design strategies.
On the other hand, moderating data consumption at the use level
could curb the demand by influencing interaction patterns [51].
Moving towards this sufficient level of data consumption could
then positively affect value conflicts in a win-win scenario [72].

In this paper, we focus on the second paradigm and explore
through a case study whether altering the interaction between user
and product/service can effectively moderate data consumption.
In real-world design cases, moderating use might prove to be a
disadvantage for providers of digital products/services (DSPs) who
will have to engage less with their customers, losing out on rev-
enue [72]. These conflicting interests highlight the importance of
designing with the complete system of stakeholders in mind – this
is considered a necessary process that can reveal opportunities
at multiple levels other than solely the user [10, 46]. Within this
case, we investigate data sufficiency together with KPN, a major
internet service provider (ISP) in the Netherlands. By keeping both
their interests and those of internet users in mind we explore how
their relationship could facilitate a moderation in data use. In the
remainder of the paper, we first elaborate on a literature review and
exploratory study of the value conflicts arising from data consump-
tion. Next, we discuss the development and assessment of various
prototypes aiming to decrease data consumption among KPN’s
users, leading to reflections on the implications of the sufficiency
paradigm on the perception of the unsustainable data consumption
problem at large and on users’ experience of digital services. We
conclude with recommendations for data-sufficient futures.

2 Understanding data as complex sociotechnical
systems

Understanding the dynamics of data consumption calls for a sys-
temic view and a close look at the entanglement of various stake-
holders [51]. To this end, we engage with existing literature from
business and economics, science and technology studies, as well as
human-computer interaction (HCI) and its sustainable counterpart
(SHCI) to delineate the key components of data ecologies and their
relations.

2.1 Data intricacies
Across the complex network of infrastructural hardware, devices
and digital services, we distinguish three main perspectives based
on the work of Preist, Schien and Blevis [51] to represent the stake-
holders within the data landscape: consumers, DSPs and facilitators
of the network. We discuss the role of governing bodies from all of
these perspectives.

2.1.1 Consumers engaging in ‘mindless’ data consumption. When
seeking to moderate data consumption, it is important to grasp
users’ data-consumption behaviours and their perception of the im-
pact of digital services on their lives. Given the immense complexity

of the physical infrastructure [20] and the need for people to be
educated on interacting with digital systems, it is likely that users
currently lack the knowledge needed to understand the real-world
impact of using online services. As Cubitt [21] argues, end users
perceive digital products to have either no ecological footprint or
one that is so limited as to be negligible [21]. While data-saving
‘lite’ versions of digital applications do exist, these serve as a means
to save on data plans or increase accessibility on less-developed
networks instead of reducing ecological impact [1, 42]. This lack of
awareness illustrates a seemingly careless way of consuming digital
services that is further accelerated by the high accessibility of the
internet, with most data plans being offered on an unlimited basis,
under flat-rate monthly data plans [58]. Internet connections have
become as ubiquitous as tap water, an infinite supply that should
always be available at a low cost. Paradoxically, while consumers
desire cheap and unlimited data, they also consider that spending
too much time online is ‘digital waste’ [52]. In these cases, excessive
amounts of time online can stand in the way of having meaning-
ful experiences offline [73]. It is difficult, however, to differentiate
meaningful use from this mindless consumption of the internet,
making it hard to create effective interventions to moderate it.

2.1.2 The unregulated market of digital service providers. Whilst
consumers are mostly unaware of the impact of their behaviour, the
current economic system encourages DSPs to further stimulate data
consumption. Without any regulatory intervention, expansionist
online platforms aim to build consumer bases large enough to domi-
nate markets as oligopolies in a winner-takes-all scenario [56]. Once
they have accumulated a critical mass of users, businesses employ
data collected about these users to further stimulate consumption
[75]. This business model, also coined surveillance capitalism by
Zuboff [75], intensifies mindless consumption behaviour as it in-
spires dark patterns, and addictive features that compel users to
engage with digital services [15]. This in turn generates money as
viewing advertisements transforms the attention of users into a
commodity that can be exchanged as payment [9, 17].

For the DSPs, the revenue created by this attention economy
currently outweighs the costs of operating their services. Many of
the real-world impacts, however, are not attributed to this stake-
holder as energy costs are spread out across the network’s many
devices and ethical impacts affect other stakeholders such as the
previously mentioned consumers and content creators and moder-
ators who have to perform stressful labour [23, 33, 34, 38]. A lack
of transparency and regulations [9] makes it hard to hold service
providers accountable. The Digital Services Act, however, is meant
to better protect consumers and their autonomy in a major attempt
to regulate online services but has yet to take effect [31]. To sustain
such a high rate of consumption puts stress on both natural and
human resources. Immense amounts of visual content need to be
created and moderated. Some workers and creators are pushed
into overdrive and many suffer from psychological trauma from
their insecure and stressful jobs in this volatile market where only
a few can earn a normal living [23, 33, 34, 38]. In a similar vein,
the environmental impact of online services is also overlooked;
without proper accounting for the impact of digital services, it re-
mains difficult to attribute the impact to service use. A case study
on the video platform YouTube, however, shows that DSPs’ design
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decisions hold great potential for decreasing emissions, even when
compared to conventional measures such as the usage of green
electricity to power infrastructure [52]. Adopting a data-sufficient
mindset could therefore prove an interesting avenue for DSPs in
reaching sustainability targets.

2.1.3 Cornucopian thinking driving network development. ICT in-
frastructure and its growth are seen as a fundamental part of the
future economy. The Netherlands, for instance, already relies on
ICT for over a quarter of its national GDP [54]. Current policies
look to computing optimisation and hardware improvements to
reduce the ecological impact of digital products. The planned de-
velopments in efficiency optimisation alone, however, cannot miti-
gate the tremendous rise in demand resulting from the explosive
growth of digital products and services that society is currently
witnessing. Efficiency improvements are outpaced especially by the
fast-growing demands of emerging AI applications [74]. To get a
sense of the scale of the environmental impact of AI, Strubell and
colleagues [63] estimated that solely training an algorithm may
generate carbon emissions that are roughly comparable to a trans-
American flight. Even worse, these technologies too come with
serious social implications, especially because data labelling and
training of algorithms still require hard – and underpaid – manual
labour [71].

That said, there is resistance to this cornucopian mindset that sub-
ordinates human and planetary resources to technological improve-
ments. It is the subject of debate and criticism in both academia,
especially within the SHCI community [43, 51, 72], and civil society,
where the expansion of networks and data centres is facing unfore-
seen obstructions in the form of civil unrest [47] and a shortage of
data centre employees [48].

In conclusion, the data ecology that has formed around the total
network can be understood to comprise a complex sociotechni-
cal system where the consumers’ mindless consumption of data is
deeply intertwined with the offering of services originating from
the unregulated market for digital services, and both are encour-
aged by overly-optimistic cornucopian thinking that also drives
network development. Altogether, these three interdependent is-
sues delineate how the data ecology is trapped in a tragedy of the
commons scenario where the resource that might be depleted is
not the data itself, but rather the human attention and planetary
resources that data consumes (Figure 1).

2.2 Design approaches for sustainable change
2.2.1 Eco-e�iciency and su�iciency. Two paradigms have emerged
from the literature in SHCI and design to decrease the footprint of
digital services: eco-efficiency and sufficient consumption. The no-
tion of eco-designs that aim to make more efficient use of resources
is already commonplace in the design of physical products [37].
The development of these designs and regulations that encourage
them have proven to be highly effective in reducing ecological im-
pact [26], given that the efficiency gains outweigh the impact of
additional hardware production [10]. Extending the approach from
physical products to the digital realm therefore seems a likely next
step in mitigating ICT emissions [51]. A case study on the video
platform YouTube shows that removing video streams from audio

Figure 1: Factors influencing data consumption mapped onto
the system as visualised by Preist, Schien and Blevis, 2016.

content where the user is not watching could realise substantial
GHG reductions [52].

Setting limits to normalised levels of consumption, however, is a
less studied subject and many questions remain unanswered. In the
sufficient consumption paradigm, reducing the impact of digital
services is reframed as a user-focused design challenge rather than
one centred solely around sustainability. Widdicks and Pargman
[72] argue that the social values of end users can be leveraged in the
overall quality of experience to mitigate potential losses in usabil-
ity or hedonic values [72] that are typically satisfied by addictive
services [40]. A study on smartphone use seems to confirm that
reducing usage can have benefits for both subjective and physi-
cal well-being as opposed to normal use or total abstinence [12].
SHCI researchers identify opportunities for uncovering additional
values, establishing social etiquette around data use, co-creating
what ‘sufficient’ use might look like and exploring business po-
tential around the aforementioned strategies [72]. Exploring this
new way of interacting with online services touches upon soci-
ological, psychological and economic principles, which calls for
the interaction design field to collaborate with other disciplines
[29]. Given the emphasis on the consumers as agents for change,
we see behaviour change theories as a promising grounding for
understanding how the sufficient consumption paradigm could be
implemented. Although this body of work does not as yet address
sustainable consumption of data specifically, it provides broad sets
of strategies [8, 28, 70] for bringing about changes in consuming
habits that align with many of the proposed types of interventions
suggested by recent SHCI works [10, 73]. These strategies, for in-
stance, are currently applied in other domains to shift towards
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(sustainable) plant-based diets [25] or to reduce the consumption
rate of end-user devices [44, 65].

Additionally, in the framework of Bhamra and colleagues [8],
which aims to reduce the environmental and social impact of prod-
ucts by moderating how consumers interact with them, attitude
change is thus considered the first of three essential steps in creat-
ing new consumption habits [8]. Other levels stress the importance
of habit formation (e.g. through nudging or gamification) and the
possibility of normalising these habits through easy-to-maintain
everyday rituals. Distinctively, in the case of data consumption, the
intangible nature of information technologies might prove to be
a big hurdle as it makes it difficult for consumers to perceive the
issue. Without appropriate awareness of their impact, consumers
will not have the desire to change. To transition towards a sustain-
able digital future, a plethora of interventions will be needed across
all of these levels over a longer period of time to incrementally
change attitudes and beliefs in the sociotechnical landscape [46].

In this research, we intend to utilise consumer values to ex-
plore the balance of maintaining user experience and decreasing
consumption to a level of sufficiency. By applying the emerging
paradigms in a commercial context, we aim to shed more light on
the implications for industry.

2.2.2 Speculating through design. A growing number of authors
from the SHCI and design fields increasingly highlight the complex-
ity and controversies of applying approaches that either promote
efficiency improvements as a solution to the environmental foot-
print of technology or predicate the need for people to change
their behaviours. Jensen and colleagues [30], in particular, engaged
and problematised the perspective of behaviour-change interven-
tions, emphasising that many of these actually face challenges in
both instigating and sustaining practice change [30]. Other scholars
question the dominant approaches and narratives of technological
and energy futures, and in particular problematise the sociotechni-
cal imaginaries that these bring [16, 62], their incongruencies [62]
and normativity [16]. As Chopra et al. [16] argue, it is important to
understand “sustainability as a consequence of longitudinal social
practices” and, to account for this, research should create spaces
for communities to delineate their technological visions. In this
line of thinking, many works mix ethnographic, participatory and
speculative design research to explore possible sustainable digital
and energy futures. Jensen and colleagues [30] developed a de-
vice for a washing machine that limits the usage of the appliance
to times when renewable energy is available [30]. Snow and col-
leagues [59] developed an app that allows users to navigate the city
and check the health of the local energy network- [59]. Strengers
and colleagues [62], instead, used speculative comic strips to dis-
rupt energy industry futures [62]. Chopra and colleagues (2022)
used speculative tropes – presented in the form of prompt cards,
fictional scenarios, and a game – to challenge normative future
scenarios together with communities. Similarly, Antognini and Lu-
petti [4] developed a toolkit for debating energy futures with local
communities engaged in world cafes, emphasizing also the need
for addressing the potential for social inequalities that normative
energy future visions carry.

These research works intentionally develop provocative artefacts
– provotypes [11] – that disrupt existing practices and stimulate

debate with participants. While useful for research purposes, how-
ever, the disruptive effect that these artefacts generate can hardly
be tolerated in real products [30]. To address this tension, Jensen
and colleagues [30] suggest making the very practice that needs
to change the unit of design. Beyond physical artefacts, looking at
habits as units of design would enable sustaining practice change
[30]. Snow and colleagues [59] also warn that speculative design
may be a double-edged sword: it may enable accurate elicitation of
values from participants, yet it can also introduce distance, as the fu-
tures presented to participants are fictional and cannot be engaged
with in the long term [59]. Thereafter, these speculative practices
can help reveal problematic assumptions and understand the sit-
uated and real implications of specific design strategies, such as
nudging consumers towards sustainable behaviour changes. How-
ever, these also come with methodological challenges that cannot
be disregarded, especially if the ambition is to generate not only
academic knowledge but also actionable design recommendations
for the industry and organisations to pick up and adopt.

3 Methodology
Building on related works, this research combines the design for
behaviour change theory with speculative design approaches. We
grounded our investigation on a review of literature, which we inte-
grated with contextual inquiry, to arrive at critical design directions
for our Research through Design [60] investigation. We developed
provotypes [11] to explore the paradigm of data sufficiency applied
to the interaction between an ISP and their users, by using them in
a user study session.

As a contextual inquiry, we conducted exploratory interviews
with Dutch consumers, where we investigated their current rela-
tionship with digital services and their attitude towards changing
it. Findings from these interviews substantiated the insights from
the literature review resulting into critical areas for design explo-
ration. We subsequently used existing behaviour change strategies
identified in literature to inform the provotyping activities, aiming
for both provocation and potential for actual impact.

Following an iterative process, this activity was split into two
cycles where a preliminary set of paper provotypes was developed
to informally test ideas with the research team and peers, informing
the development of the final provotypes. These, which also embody
sets of data use practices, were used to engage participants (9)
during semi-structured interviews (5) and a focus group (4) and
create debate around the emerging strategies for data-sufficient
design. We address the methodological risks of speculative design
regarding the development of actionable recommendations [30,
59] by designing artefacts and data usage practices at the same
time (as suggested by [30]), and by closely working with the client
KPN. In fact, working closely with industry forces the research to
continuously interact with non-academic interests and to minimise
the possible distance introduced by speculative approaches, as each
speculation also has to be strongly grounded on its plausibility
within the current and near-future telecommunication sector.

3.1 Contextual inquiry
We conducted eleven exploratory online interviews. The partici-
pants were recruited through the customer user panel of the internet
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Figure 2: A selection of hidden routers in the participants’ houses.

service provider involved in the research (7) and through conve-
nience sampling (4). The resulting group was characterised by a
variety of ages ranging from 21 to 68 in order to ensure diversity
in terms of digital literacy. The interviews were semi-structured
and involved visual exercises and the creation of ‘day in the life’
overviews of internet usage guided by the primary researcher in
the online environment Miro. Prior to the interviews, participants
were asked to document (by means of pictures) internet-related
devices in their household as a means of sensitisation to the topic.

The exploratory interviews exemplified and confirmed many of
the findings that emerged from the literature review. In general,
participants seemed oblivious to their data use and its ecological
impact in particular. Exemplary is the fact that routers were typi-
cally hidden around the house in places where they could not be
interacted with (Figure 2) and that none of the participants had
any idea of what would be considered a ‘normal’ amount of data or
screen time. Besides a lack of awareness, the use of digital services
then also seemed somewhat bereft of any social norms. This didn’t
mean, however, that participants had never attempted to reduce. In
concern of their wellbeing, some had attempted to delete addictive
social media apps. They experienced how quitting led to a loss of
instantly gratifying content [40] that required serious commitment.
Without the right support and incentive, they found themselves
re-installing said apps shortly after.

Taking these insights as primary focus for our intervention, we
distilled three critical design directions:

• Breaking with automated and addictive use patterns – in
interactions with digital products

• Engaging with data use – as part of learning about the impact
of ICT products and services

• Addressing the lack of social norms – around newly formed
online behaviours

These design directions aim to tackle prominent dilemmas for
data sufficient behaviour as well as interact with all stages of be-
havioural design [8]: intention (awareness), habit (norms, use pat-
terns) and control (all). This allows for a comprehensive set of
behaviour change strategies to be used in the provotyping.

3.2 Preliminary provotyping
For internet service providers like KPN, the main channels of inter-
action with their customers are digital services, such as the webpage
and app, and peripheral devices, such as routers and TV set-top
boxes. The provotyping activities were therefore projected upon
these touchpoints. They provide a different take on current prac-
tices around these products and services to speculate on how future
interactions could result in different, more sustainable, practices.
Following an iterative approach, these activities first resulted in a
small series of six paper provotypes (Figure 3). The paper provo-
types were used to preliminarily assess whether and how specific
behaviour change strategies applied within the design directions
would be effective in achieving a change towards moderating data
use. At this stage, informal testing and feedback sessions were
conducted within the research team and with peers.

Based on these sessions we learned that all six provotypes, both
the routers (R) and apps (A), could challenge the user to some extent
to break with habitual behaviour, favouring purpose-driven use.
Whether it was through bandwidth modulation (R1, R2) or enforc-
ing limits to use (R3, A1, A2, A3) they might regain some control
over their own habits. Recurring actions like preselecting usage
(R2) and default sustainable options show how routine behaviour
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Figure 3: Overview of the paper provotypes.
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