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ABSTRACT
Fueled by the rapidly increasing Internet of Things industry, the vol-
ume of global e-waste escalates annually posing significant health
and environmental risks. Our research around repairability of IoT
devices to elongate their lifespan has uncovered common faults,
challenges and barriers to repair. To communicate this work in
an engaging and impactful way, we created a boardgame raising
awareness of challenges and highlighting connections between
design, production, ownership and repair. This paper describes our
design process demonstrating how research findings were trans-
lated into game mechanics through design iteration and testing
workshops. We discuss findings from workshops to demonstrate
how the game influenced thinking about links between smart de-
vice production, maintenance, policy and the climate. Through
this we demonstrate how complex IoT repair challenges can be
disseminated through game design. Thus contributing to both re-
search around device repair and the growing movement of research
communication through serious games.

CCS CONCEPTS
• Human-centered computing→ HCI theory, concepts and
models; Collaborative interaction.
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1 INTRODUCTION
The volume of global e-waste is escalating at an alarming rate
[36], projections anticipate approximately 74 million metric tons
by 2030 [15]. E-waste poses significant health and environmental
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risks globally, particularly when it is not handled and recycled
correctly [18, 28]. Extending the lifespan of existing products can
reduce demand for new resources and levels of e-waste, both of
which contribute to the climate crisis [25]. As the Internet of Things
(IoT) continues its rapid expansion, integrating intelligence and
connectivity into commonplace items [33], an increasing number
of everyday and affordable devices approach a state where repair
or disposal is necessary. Increased awareness and a sustainable
behaviour approach is required from research, policy, industry and
citizens to address this crisis. Community-based repair is an area
of increasing interest to the research community [24] due to the
expanding efforts of repair cafés in providing affordable repair
to elongate the lifespan of products. Recent research into the re-
pairability of technology in these contexts has uncovered common
faults, challenges and barriers to repair [1, 8, 19, 22, 30, 32]. IoT is
of specific interest here due to the complex but low-cost nature
of devices and ecosystems making disposal and replacement ap-
pear an easy option. Raising awareness to change attitudes and
increase knowledge can help to promote sustainable behaviours
[11]. In particular, gamification, including boardgame use has been
demonstrated as a promising method for communicating complex
sustainability problems [14] and promoting sustainable behaviour
[2, 12]. In an area of research focusing on e-waste, where tech-
nology is at the heart of the problem the research team came to
the conclusion that a physical boardgame methodology was both
fitting and preferable to a digital game in this case. This paper de-
scribes the design process of a boardgame designed to translate IoT
repair research into game mechanics that raise awareness of these
challenges and the connection between device design, production,
ownership and repair. We describe our design approach, including
details of game mechanics crafted to communicate project-based
research findings. Workshop feedback from participants is also dis-
cussed to demonstrate the user-centered iterative design process
and preliminary data indicating an increased awareness of some of
the climate impacts surrounding the IoT.

2 DEVELOPING THE INITIAL CONCEPT
Our initial design brief was to communicate current research find-
ings around IoT device repair in the form of a boardgame that will
engage people in the relevant themes surrounding it. We aimed
to raise awareness of repair issues, promote individual repair be-
haviour, increase understanding around the impact of policy, and
support a move towards sustainable IoT design.
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2.1 The Merging of Two Games
Initial research into game options that would meet this design brief
were explored with two very different concepts:

2.1.1 Inventors. Involved competing players as industry profes-
sionals auctioning and drafting new technologies to meet specified
demands, among changing conditions. Independently developing
technologies while managing reputation and pollution/production.

2.1.2 Realistic Forces. Involved Citizens competing against one
industry player who produced non-specific devices with hardware,
battery and software statistics that aged over time. Renewable and
non-renewable resources were used for production, and there was
a separate company repair shop, in addition to player-individual
repair statistics and a repair café to fund to open. Policy funding
was incorporated, as was a climate marker and maintenance/repair
rolls for devices.

A review meeting with four researchers, involving discussions
about current research findings and a play session to test the corpo-
ration game mechanics, resulted in a merging of the two separate
games. This pulled in the Corporation on one side and the Citizens
on the other with the climate in the middle impacting both. In addi-
tion to the merging of the two concepts this initial review meeting
became the foundation for feeding in the different research streams
that were being explored within the research group.

2.2 Incorporating the Research
Current research was discussed which drew on, literature reviews,
ethnography of repair cafés, scenario-based design probes and semi-
structured interviews with different communities (including users,
repair café volunteers and visitors, industry-based IoT designers and
related professionals). The researchers directly involved in these
ongoing studies contributed through feedback sessions, written
versions of study findings and samples of current literature around
IoT design and community repair (for example, [7, 8, 19, 21, 22, 29,
30, 32, 34]), to feed into the next game iteration. The focus of these
inputs included:

• Common faults (both IoT-specific and more general electro-
mechanical)

• Repair café challenges and processes
• IoT Design challenges
• Business models and product-service considerations
• Smart product repair motivation and expectations

2.3 Developing It’s All Connected
Once the initial concept had been decided upon the iterations began
to ensure research findings were being successfully communicated
through game mechanics and that the game was balanced and en-
gaging for players. Key game mechanics were developed, and paper
prototype games were produced. Two additional rounds of testing
were held within the project team, resulting in further iterations to
improve playability before external testing commenced. Some key
design decisions resulted from these internal testing sessions. For
example:

• A turn order was added

• Adapted to be two v’s two to foster communication and
collaboration and increase transparency between community
and corporate players

• Device goals were refined as relating to the functions they
serve in the household

• Faults were aligned to the research findings, pulled through
from ongoing ethnographic and interview studies.

• A map was added to allow community players to meet up
and trade

• A circumstance deck was added to represent the impact of
an increasing climate tracker

• An End-of-Round card discard/draw was introduced, to ex-
pose players to more ideas within the game

• Card wording was amended to add clarity where actions
were not obvious

Ongoing ethnographic fieldwork by the first author of this paper
focused on understanding challenges and barriers to repair of con-
nected devices within repair cafés. Due to the focus of this work as
part of a wider EPSRC funded project on IoT and the right to repair,
it was essential that the game reflected these findings within the
wider contexts. In particular, the wide ranging faults that impact
connected devices including, connection issues, software faults,
data security and hardware issues needed to be accurately reflected
through the fault cards. The unique business models that surround
IoT devices can also impact the repair options available to users.
For example, service model approaches offer longer term value
generation to the producer through data-driven services [26]. De-
pending on the type of device and service these may be sold with
maintenance contracts in place. It was therefore important that
this was reflected in the game through some of the device cards
adopting a service model. A final factor that the research team
deemed as important was communicating the embedded nature
of connected devices within the socio-technical infrastructure of
household goals and routines. This was communicated through a
focus on consumer device and service categories, goal cards relating
to everyday routines and house shaped Citizen boards.

3 AN OVERVIEW OF IT’S ALL CONNECTED
It’s All Connected displays the wider tensions within the systems of
repair through abstracted mechanics in a four-player match. Played
by two different teams, a pair of Citizens and the Corporation (con-
sisting of the Director and Producer roles) have two asymmetrical
goals: owning working devices with desired functions and amassing
a certain number of coins, respectively. It is possible to play collabo-
ratively – if both goals are completed in the same round, both teams
have won. On the other hand, if the climate marker (in the middle
of the board) reaches its final position, both teams lose. Throughout
play, participants encounter mechanics surrounding the production
and purchase of common products, including their maintenance
and potential disrepair (with disposal consequences!) within a con-
text of daily life, climate-dependent global events and changing
legal policy which both sides can influence. Figure 1 shows a basic
overview of the game setup before play commences.
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Figure 1: Game Set up

3.1 Playing the game
At the beginning of the game, the Citizens place their pawn at
the community centre and draw 4 Goal cards from their colour’s
decks, before setting the rest aside. These should be concealed from
the Corporate team. The cards represent the goal objectives of
the Citizens in the form of technical functionality (for example,
Cleaning, Reading, Music, Gaming, Scheduling). From here Citizens
must obtain and maintain devices with these functions to meet
their goals. When both Citizens have working devices that meet
all of their goals the Citizens have met their win condition. For
the Corporate team to meet their win condition, they must accrue
£30. This is primarily achieved through the production and sale of
devices.

3.1.1 Round Order. Each round is split into three phases which
mean different things for each role. In the physical game, there
are double-sided reminders with the turn proceedings outlined
with highlights of each teams’ roles within it. This compliments
each players playboard, which contains details of what they can do
each turn. For Citizens who share the same powers, this is another
reference sheet between their houses.

The Renew Phase - The Director player in the Corporate team
begins the round by reading a circumstance card (see figure 2)
corresponding to the current climate zone that will affect both
teams this round. Circumstance cards can be positive or negative
to either or both team(s), keeping game-play engaging each round
corresponding to the current stage of climate destruction. Next,
all players start the round by taking any coins or cards as written
on their playboards, keeping in mind any potential effects of the
circumstance card that round. The Corporate players are limited to
a starting income of £1 a round to ensure they rely on the Citizens’
custom instead of passively reaching their profit goal. Following

the Producer’s playboard, the climate marker advances equal to
the number of cubes produced through non-renewables’ methods,
explained as polluting in the reference.

Figure 2: Climate Marker and Circumstance Cards

The Main Phase - During this phase all players carry out two
actions from their player boards. The order of play is: Director→
Citizen one→ Producer→ Citizen two. Each player has a reference
to the actions their role can do as part of a main turn, as explored
later. Citizens decide on Citizen one at the end of each round, so
the exact player order is not fixed – if a Citizen is ready to buy a
device, for example, it might be worth going second to see if the
Producer brings out any new products, however, some strategic
plays could aid both Citizens in the round if played earlier on.

The Review Phase - In this phase, the Director checks for any
wins/losses (if the Citizens have won, they must announce it now
as their goals are a secret from the Corporation). Following this,
all players discard any unwanted cards knowing they’ll draw up
to their role’s limit in the next phase. Any Citizens with broken
devices at the end of the round roll for each and subsequently
incur penalties (such as discarding a card, or paying £1 to the
bank symbolising time wasted on workarounds or hiring out the
faulty functions) before moving age markers down (or attaching
ones to newly purchased devices) and rolling maintenance checks.
Maintenance checks involve a roll of the dice for each device owned
(see figure 3). The roll must equal or beat the current value of the
age marker on the right of the device cards. If the maintenance
roll fails, a fault card is drawn and added to the device. Broken
devices require fixing or will incur a penalty roll next round. Once
maintenance is complete Citizens decide on next first player and a
new round begins.

3.2 The Citizen Roles
As opposed to the Corporate team, Citizens have the same powers
and the ability to share devices or trade cards, though their finances
are separate. In addition to cards and actions outlined below, only
the Citizen team has access to the map, up to two moves per turn
in either direction (one move for two spaces, or up to two actions
one space away).

During the renew phase Citizens look toward the centre of their
playboard for the amount of cards to draw and coins to collect. The
blue Citizen draws one more card and one fewer coin per round
compared to green, so that Citizens have their own specialised
contribution and may employ different strategies.
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Figure 3: Maintaining Devices
.

During the main phase, both Citizens can choose from the fol-
lowing actions (although contextual restrictions may apply, such
as location of pawn):

• Play a Card - All players’ cards have a cost at the bottom
and an action cost under the title (some are full-turn cards
like Guerilla Gardening taking up both actions, while some
like Cycling are ‘free’, played to complement the two main
actions. - see figure 3)

Figure 4: Player Card Examples

• Move - This covers moving one’s pawn and carrying out
the action of the new location.

• Map Actions- When a Citizen’s pawn lands on a map lo-
cation there are actions associated. These include: Paying
coins to lobby for policy (at the Courthouse), collecting a
card (from the Library), purchasing a device (from the Shop),
collecting coins (from Work), Paying for climate initiatives
to lower the climate marker (at the Community Centre),
repairing broken devices (at the Repair Café).

• Clean - Lowering the age marker of a device one owns by
two spaces makes maintenance rolls easier.

• Bin This discarding action is a Citizen-based pollutant, in-
volving placing a product card in the pink bin and moving
up the climate marker equal to half of its resource value
rounded up.

• Trade - This is a bonus action available when both players
are on the same spot on the map – they can trade any num-
ber of cards or devices, using only an action of the player
initiating the trade. Coins cannot be traded.

3.3 The Director Role
During the renew phase the Director draws a circumstance card
according to the climate’s colour (see figure 2), before drawing
up to five cards (the most out of any player to symbolise the im-
portance of planning and directing) and taking £1 from the bank,
the only regular income for the corporation’s shared money pool
– this is to ensure both teams are reliant on each other for goals
(products/income).

During the main phase the Director has unique actions to slow
the progress of legislation, remove products from the shop or spy
and rearrange key non-player decks to symbolise the executive
powers of corporate stakeholders in repair systems. The Director’s
deck includes cards that manipulate prices of items, force extra
maintenance checks, change Citizen’s goals through marketing
initiatives, assist the Producer and climate meter management.

Figure 5: Director Game Board

3.4 The Producer Role
During the renew phase the Producer draws both cards and resource
cubes. They have two card decks: Innovations and Products, and can
choose any combination to draw. They are the main polluter of the
game, with the climate marker moving up equal to the red resource
marker on the Producer’s board. Resource cubes are collected equal
to the sum of the red and green markers and can be used to produce
products during the main phase according to their cards’ resource
cost.

During the main phase the Producer can undertake standard
play card action and ship devices. The Producer can also research
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Citizens’ opinions in order to infer their goals through preferences
or service devices once players have less need for the shop. The
Producer’s card deck is focused around cards that manage [non-]
renewable production and extra cubes, alongwith some interactions
with the product deck and repair offers for existing devices.

Figure 6: Producer Game Board

4 DESIGN ITERATION AND TESTING
WORKSHOPS

The initial concept stage of the design process involved play test-
ing and discussions within the research team incorporating their
knowledge of literature and early findings from ethnographic, in-
terview and workshop studies [8, 19]. Following the concept stage,
we conducted a series of five play testing design workshops [16]
as part of the pre-production phase. This testing was approved by
the university’s ethics committee and involved an audio recording
during game-play, alongside questionnaires to test the alignment to
the design brief. During the sessions, researchers took on the role
of game moderators providing the opportunity for observations to
be made about the dynamics of the game and player reactions to
various elements and mechanics. The purpose of the workshops
was to collect data on both the success of the game mechanics to
engage players in an enjoyable experience and the effectiveness of
the game in communicating key messages from the research. An
important element of which had now become linking the policies,
production, ownership, management and repair of smart devices to
climate change to help promote sustainable behaviour. At the end
of each workshop session the research team reviewed, discussed
and analysed the observation and questionnaire data. Amendments
based on any observed tensions between elements and suggested
improvements from players were made to the game before the next
testing session. From here design decisions were made and recorded
on a detailed changelog.

The game mechanics were assessed through the researcher ob-
servations and reviews of audio data in areas where play had been
disrupted or confusion had occurred. Players were also asked as
part of a post-game questionnaire whether they had suggestions

for improvements. The success of the game in meeting the brief of
communicating key messages from the research was assessed using
‘before’ and ‘after’ questionnaires. Prior to the testing, participants
were asked about their current attitude to repair and about the
last thing they had repaired (either personally or via other means).
Following the game session, participants were asked whether the
experience had been enjoyable and whether they had changed their
opinions or learned anything new.

In total 18 participants (aged between 18 and 50) tested the
game across four workshops. An additional workshop was held
with people who had already played the game once to review the
changes and gain an understanding of the dynamics when the
players already know how the game works and therefore do not
face the initial learning curve. We also held three informal play
sessions with friends, family and colleagues where data was not
collected.

4.1 Turning Research into Game Mechanics
There were several key game mechanics developed from the initial
iterations that drew on our research to shape the core messages of
the game. These were refined through the workshop testing process.
The following sections discuss some examples of these.

4.1.1 The Corporate and Citizen roles. An important dynamic of
this game in representing our research and disseminating key mes-
saging is providing visibility to players over the different actors and
stakeholders that make up the socio-technical infrastructure around
the production, ownership, repair and disposal of IoT. This visibil-
ity was praised by workshop participants as creating an enjoyable
dynamic and prompting reflection.

4.1.2 Device ownership and repair. Citizens have goals to fulfil
through the collection of devices into their houses. These devices
are purchased from the shop or traded and must be maintained
on a round by round basis, as they age maintenance increases in
difficulty. When a product breaks a fault is assigned and Citizens
must decide whether to visit the repair shop or dispose of the
device. These mechanics were drawn directly from our research
and the community repair literature as these had been highlighted
as challenges and barriers to IoT repair [8, 19, 22, 30]. When devices
are disposed of e-waste is generated which has a negative impact on
the environment [18, 25], thus when players enact this behaviour
in the game, the climate marker increases. Through this depiction
of reality we attempted to represent the key interaction points in
the IoT life-cycle and prompt reflection from players on their own
behaviour.

4.1.3 Device faults. From interviews with community and DIY
repairers we identified common faults both general and specific to
IoT devices [8, 19]. These were translated directly into the game
through fault cards applied to devices after a failed maintenance roll.
Fault cards represent the variety of faults that can affect IoT devices
due to their multilayered nature, including software, hardware and
data connections. For example: Blown Fuse, Drive Failure, Worn
Cable, Unreliable Sensor, Connection Failure.

4.1.4 The climate marker and circumstance cards. The impact of
device production and disposal on the climate is ultimately felt
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by both industry and the community[18, 25, 27]. It was essential
this was reflected in the game to increase players’ awareness of
climate impacts surrounding the IoT. The climate is represented by
a dial that moves from green to red which increases due to resource
use and device disposal. Circumstance cards, drawn at the start
of each round, increase in impact as the climate marker moves
towards maximum. Feedback from workshops led to increasing
the severity of the circumstance decks based on the state of the
climate marker, prompting a move from one deck to three (see
figure 2). For example, green circumstances include policies and
tech advancements, whereas red circumstances include impacts
from storms and flooding.

4.1.5 Incorporating Policy. Policy and legislation is currently an
active research area that surrounds IoT design, production and re-
pair [5, 9, 23]. It was therefore important for it to feature within
the game. The policy board allows Citizens to lobby for policy to
be implemented, so as to maintain a level of reality and promote
discussion and reflection among players. The four policies impact
different elements of game-play. These include, improving the out-
comes of device repair at repair cafés, transferring some of the
repair cost from the citizen to the corporation (when network or
software related), encouraging climate action and taxing polluting
behaviours.

4.1.6 Product-service models and competitors. In reality, IoT solu-
tions are offered under different business models with some sold as
products and others on a service or subscription basis [3, 7, 26]. It
was important for us to represent these differences in the game to
mimic realistic consumer conditions. Due to the repair focus of the
game, this was challenging. A round by round subscription would
benefit the corporation hugely and would disadvantage the Citi-
zen. Therefore, we abstracted this to a pay-on-breakdown model
- Citizens pay coins and the Corporation pay resource cubes im-
mediately upon a failed maintenance check to ‘repair’/upkeep the
service. This represented the service model but maintained balance
between the teams. Competitor devices were also added through
the Citizen card deck. This incurred higher costs but ensured not all
purchases went through the corporation players to smooth device
card withholding issues.

4.1.7 Motivating repair. After commencing game test sessions, it
became clear that in some cases there was little motivation for
Citizens to repair devices as there was no consequence of them
breaking until the final stages of the game. On observing this, we
revisited research considering motivation and barriers to repair
[19, 22, 30] to understand how these may be used to to leverage
these behaviours during game-play. This posed a design challenge,
as in reality, the benefit of having household goals met is ongoing
and naturally provides motivation, whereas in the game it is about
a win condition. The result of this was to add in a penalty roll
for Citizens with broken devices to encourage repair. While this
approach did not represent the research as closely as we had hoped
it would, it did work well to encourage participants to consider the
repair or disposal decision around the point of breakdown. Thus,
keeping it relevant to realistic contexts.

5 WORKSHOP CHALLENGES
The complexity of the game was necessary to convey the level of
insights to players that were indicative of the realities surround-
ing IoT production, policy, ownership and maintenance. Over-
simplification of concepts has been noted as a limitation in sustain-
able education boardgames [10]. While abstraction of concepts was
required to represent socio-technical elements as game mechanics,
we were mindful not to over-simplify. However, this presented us
some design challenges. The game lasts around two hours to play in
full and includes a learning curve for players engagingwith it for the
first time. A key consideration then was our delivery of instructions
at the start of the game sessions and our role as game moderators.
We worked on a basis of trial and error, walking players through
rounds, presenting information on a projector screen and refining
individual instructions. Instructions were included on game boards
as reminders for each player as prompts. This approach worked
very well and was mentioned as ’particularly useful’ by participants.
All the participants reported the workshops as enjoyable and said
they would like to play it again. Many appreciated the investment
required in learning the game and praised the complex dynamics
at play.

An additional design challenge relating to the complexity of the
game arose due to the many different ways to play. From observing
the workshops, we found that game strategy and tactics differed for
each game. For example, Citizens can decide how much they will
cooperate, when and if they will focus on policy, the climate and
repair. The corporate players can decide whether to ship products
or hold back, whether to focus on the climate or lobby policy. This
variety in player strategy was in part what engaged participants
into the different roles and scenarios at play supporting exploration
of the IoT industry and its related climate impact. However, from a
design perspective, this meant we could not go into the workshops
aiming to test a particular game mechanic (such as, one that had
incurred a recent change). This caused us to increase the number
of workshops that we had planned for and to re-invite some partici-
pants to play a second time. This approach ensured that the testing
had been thorough and design iterations had been checked.

6 DELIVERING A FUN EXPERIENCE
One of the core elements of our original design brief was to en-
gage people in the relevant themes surrounding IoT production
and repair. Particularly in the social and wider societal aspects,
something which has been noted as an important consideration
when using games to promote and educate sustainability concepts
[31]. The questionnaire completed by participants at the end of
workshop sessions demonstrated that our participants were very
much engaged in these themes through an enjoyable game-play
experience:

“I liked how we got to work as teams each having our
own rules”

“I would play it in a real-world setting”

“I love that it encourages some cooperation even across
teams”

“I got very angry which means I was very engaged. I
think the most fun thing in the world is being engaged”
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“It helped that the end was so close between the two
teams which added some adrenaline”

“The game was fun once I got the hang of it”

7 RAISING AWARENESS THROUGH PLAY
Another core goal of this project was to raise awareness of the
impact of the IoT on e-waste and climate change. To test whether we
were achieving this we asked participants whether their attitudes
towards repair had changed and whether they had learnt anything
from playing the game. Through a bottom-up thematic analysis
[6] of the open questions assessing these elements, four themes
were identified. These included, the impact that policy can have on
production and repairability:

“I truly hadn’t considered the seller side of the coin be-
fore regarding how repair affects them and what might
need to happen (socially/politically) to encourage man-
ufacturers or sellers to invest in repair”

“My attitudes to repair remain the same but I was able to
better understand how companies can incur significant
losses if government enacts policies”

The impact of corporate approaches on repair and sustainability:
“I learned corporates can have major impacts on repair-
ing and it does need thinking about”

“It entrenched views about corporate sustainability be-
ing mostly lip service”

“I maintain my views on repair , but I can see how as a
corporation, killing the climate a little bit to achieve an
objective can be seen as not so bad by those up top”

Visibility over resource use to produce devices and the related
impact on the environment:

“I liked how the game gave a visual representation of
what went on in the corporate side (i.e. the resource
blocks)”

“Although I did know that repairs were a better option,
I never understood how much it reduces our own carbon
footprint or how many resources go into manufacturing
goods and devices”

“I think the game does well to highlight the link between
producing devices and damaging the environment”

Links between individual human behaviour, IoT production, own-
ership, maintenance and the climate crisis:

“Thought provoking that the climate was steamrolling
out of control until both teams worked together”

“The cost is large to the environment every time I buy
something”

“It reminded me how expendable smart devices are –
repair costs a lot of money but throwing them away
affected the environment”

8 CONCLUSION
This paper details our design journey to produce a boardgame that
reflects research around the repairability of IoT technologies. We
respond to calls around more effective communication of climate

and sustainability related science [17] and draw on research demon-
strating boardgames as a learning tool [4] and an effective method
of communication for complex sustainability problems, particularly
those with multiple stakeholders at play [14] and multidisciplinary
elements [13]. IoT devices offer both physical and digital expe-
riences for users across multiple interfaces. This fundamentally
changes the requirements of the design work to include holistic
design, as well as innovation at each individual architectural layer
[35]. This digital layering, embedded nature and multi-interface de-
sign also increases the number and type of potential faults a device
may incur [8, 19]. Further research has also indicated that sustain-
able consumer behaviour around connected devices often differs
from that of non-connected products [20]. Here we build on this
research by creating an experience that has the potential to promote
sustainable behaviour reflection of IoT purchase and repair through
offering visualisation of impacts of the socio-technical systems
surrounding IoT life-cycles from multiple stakeholder perspectives.

It’s All Connected presents a strategic boardgame experience
where players can take on different roles to envision scenarios and
partake in decision making that directly impacts the climate. The
game mechanics developed during this process use abstraction to
transform digital technologies into a physical game elements. This
approach offers players an alternative way to engage with the IoT,
emphasising the physical resource use, waste and climate impacts.
Our initial findings from running a series of pre-production play
testingworkshops [16] demonstrate that It’s All Connected is engag-
ing and fun. While these findings are preliminary, we have shown
promising signs of successfully communicating complex climate re-
lated science and promoting reflection about sustainable behaviours
from different social perspectives. A key strength being that it of-
fers Citizen, Corporate and Policy perspectives. Through this we
support the findings of other research that using boardgames to
convey complex climate related issues can be an effective method
[13]. Based on the feedback from our participants, the two vs two
competitive elements of the game provided a level of fun and en-
gagement. Players also appreciated the visualisation of stakeholder
actions that are not usually available to them, either by playing
the role of the Corporation or through observations as a Citizen,
supported by the physical nature of the representations of resource
use and climate change.

In conclusion then, drawing on current research and knowledge
around the rising e-waste crisis [15, 18, 28], natural resource use
[25] and repairability challenges of the IoT [8, 19], we have un-
dertaken a detailed design process to develop a boardgame that
communicates sustainability related research to wider audiences.
Despite the complexity of the game and the learning curve required
at the start to understand various concepts, our initial investigations
suggest players found it, enjoyable, engaging and insightful. Our
intention now is to move beyond prototype versions and concept
testing, to further explore the potential impact It’s All Connected
can have in communicating complex sustainability by supporting
player reflections from their own and other stakeholder perspec-
tives.



Conference acronym ’XX, June 03–05, 2018, Woodstock, NY Castle-Green, Lewandowska and Sailaja.

ACKNOWLEDGMENTS
Submission supported by EPSRC Grant Number [EP/W024780/1,
EP/T022493/1]. Any enquiries regarding this submission should
be sent to horizon@nottingham.ac.uk Submitted version, Released
under the Creative Commons license: Attribution 4.0 International
(CC BY 4.0): https:/ /creativecommons.org/licenses/by/4.0/.

Thanks to all the artists whose imagery has been used as part
of the prototype game development in this project. In particular,
icons and textures used in the game have been adapted from works
by the following artists: Pixabay.com, williamrezendelima0 (item
no. 819054, metal texture), djedj (item no. 3371709, wooden back-
ground), B_A (item no. 220252 Post it note), Pixel_perfect (item
no. 2111645 notepad) and terimakasih0 (item no. 1314301 texture);
game-icons.net, Delapouite (Receive money, Token, Player, progres-
sion, Factory, Thumbs up Thumbs down, buy card) Lorc (Gears,
open Book, Cracked shield, auto repair, profit, world, hazard sign,
Poker hand, Arrow dunk), faithtoken (card draw, card discard), skoll
(Bullseye, Inverted Dice 3); svgrepo.com -Dmitriy Novikov (item
no.442468), SVGRepo.com (item no.93424). Creazilla.com - Austin
Andrews (Item 3208120-cart-icon); onlinewebfonts.com (icon189068).
Without the generosity of this community, rapid prototype iteration
would not have been possible.

REFERENCES
[1] Laura Ackermann, Ruth Mugge, and Jan Schoormans. 2018. Consumers’ per-

spective on product care: An exploratory study of motivators, ability factors, and
triggers. Journal of Cleaner Production 183 (2018), 380–391.

[2] Elena Arboleya-García and Laura Miralles. 2022. ‘The Game of the Sea’: an
interdisciplinary educational board game on the marine environment and ocean
awareness for primary and secondary students. Education Sciences 12, 1 (2022),
57.

[3] Ioannis Askoxylakis. 2018. A framework for pairing circular economy and the
Internet of Things. In 2018 IEEE International Conference on Communications
(ICC). IEEE, 1–6.

[4] Ioana Boghian, Venera-Mihaela Cojocariu, Carmen Violeta Popescu, and Liliana
Mâţâ. 2019. Game-based learning. Using board games in adult education. Journal
of Educational Sciences & Psychology 9, 1 (2019).

[5] Christopher Boniface, Lachlan Urquhart, and Melissa Terras. 2024. Towards a
right to repair for the Internet of Things: A review of legal and policy aspects.
Computer Law & Security Review 52 (2024), 105934.

[6] Virginia Braun and Victoria Clarke. 2012. Thematic analysis. American Psycho-
logical Association.

[7] Teresa Castle-Green, Stuart Reeves, Joel E Fischer, and Boriana Koleva. 2023. Re-
visiting the Digital Plumber: Modifying the Installation Process of an Established
Commercial IoT Alarm System. Computer Supported Cooperative Work (CSCW)
32, 3 (2023), 607–643.

[8] Teresa Castle-Green and Neelima Sailaja. 2024. Addressing E-Waste: Repair Café
Processes as Barriers to Repair of Smart Devices. Base Diseño e Innovación 9, 10
(2024).

[9] Katja de Vries and Sebastian Abrahamsson. 2022. A Digital Right to Repair? How
new EU legislation could open up data and software in connected products to
enhance their lifespan. De Lege (2022).

[10] Mélanie Despeisse. 2018. Teaching sustainability leadership in manufacturing: a
reflection on the educational benefits of the board game Factory Heroes. Procedia
CIRP 69 (2018), 621–626.

[11] Thomas Dietz and Paul Stern. 2002. New tools for environmental protection.
Education, Information and Voluntary Measures (2002).

[12] Benjamin D Douglas and Markus Brauer. 2021. Gamification to prevent cli-
mate change: A review of games and apps for sustainability. Current opinion in
psychology 42 (2021), 89–94.

[13] Klaus Eisenack. 2013. A climate change board game for interdisciplinary com-
munication and education. Simulation & Gaming 44, 2-3 (2013), 328–348.

[14] Kristoffer S Fjællingsdal and Christian A Klöckner. 2020. Green across the board:
Board games as tools for dialogue and simplified environmental communication.
Simulation & Gaming 51, 5 (2020), 632–652.

[15] Vanessa Forti, Cornelis P Balde, Ruediger Kuehr, and Garam Bel. 2020. The Global
E-waste Monitor 2020: Quantities, flows and the circular economy potential.
United Nations University (UNU)/United Nations Institute for Training and Research

(UNITAR)–co-hosted SCYCLE Programme, International Telecommunication Union
(ITU) & International Solid Waste Association (ISWA), Bonn/Geneva/Rotterdam
(2020).

[16] Tracy Fullerton. 2008. Game design workshop: a playcentric approach to creating
innovative games. CRC press.

[17] Susan Joy Hassol. 2008. Improving how scientists communicate about climate
change. Eos, Transactions American Geophysical Union 89, 11 (2008), 106–107.

[18] Michelle Heacock, Carol Bain Kelly, Kwadwo Ansong Asante, Linda S Birnbaum,
Åke Lennart Bergman, Marie-Noel Bruné, Irena Buka, David O Carpenter, Aimin
Chen, Xia Huo, et al. 2016. E-waste and harm to vulnerable populations: a growing
global problem. Environmental health perspectives 124, 5 (2016), 550–555.

[19] Damla Kilic and Neelima Sailaja. 2024. User-Centred Repair: From Current
Practices to Future Design. In International Conference on Human-Computer
Interaction. Springer, 52–71.

[20] Susan Lechelt, Katerina Gorkovenko, and Chris Speed. 2024. On Disused Con-
nected Devices: Understanding Disuse,“Holding On,” and Barriers to Circularity.
ACM Journal on Computing and Sustainable Societies 2, 2 (2024), 1–27.

[21] Boyeun Lee, Rachel Cooper, David Hands, and Paul Coulton. 2022. Continuous
cycles of data-enabled design: reimagining the IoT development process. AI
EDAM 36 (2022).

[22] Marie Lefebvre. 2019. To repair or not to repair: an investigation of the factors
influencing prosumer repair propensity. Ph. D. Dissertation. Loughborough Uni-
versity.

[23] Kayleen Manwaring. 2024. ‘Slowing down the loop’: smart devices and the right
to repair. International Review of Law, Computers & Technology (2024), 1–29.

[24] Rikke Marie Moalem and Mette Alberg Mosgaard. 2021. A critical review of the
role of repair cafés in a sustainable circular transition. Sustainability 13, 22 (2021),
12351.

[25] Hans O Pörtner, Debra C Roberts, Helen Adams, Carolina Adler, Paulina Aldunce,
Elham Ali, Rawshan Ara Begum, Richard Betts, Rachel Bezner Kerr, Robbert
Biesbroek, et al. 2022. Climate change 2022: Impacts, adaptation and vulnerability.
Technical Report. IPCC.

[26] Abderahman Rejeb, Zailani Suhaiza, Karim Rejeb, Stefan Seuring, and Horst
Treiblmaier. 2022. The Internet of Things and the circular economy: A systematic
literature review and research agenda. Journal of Cleaner Production 350 (2022),
131439.

[27] Mohammad Rashidujjaman Rifat, Hasan Mahmud Prottoy, and Syed Ishtiaque
Ahmed. 2019. The breaking hand: Skills, care, and sufferings of the hands of an
electronic waste worker in Bangladesh. In Proceedings of the 2019 CHI Conference
on Human Factors in Computing Systems. 1–14.

[28] Brett H Robinson. 2009. E-waste: an assessment of global production and envi-
ronmental impacts. Science of the total environment 408, 2 (2009), 183–191.

[29] Heather A Rogers, Pauline Deutz, and Tomás B Ramos. 2021. Repairing the
circular economy: Public perception and participant profile of the repair economy
in Hull, UK. Resources, Conservation and Recycling 168 (2021), 105–447.

[30] Daniela K Rosner and Morgan Ames. 2014. Designing for repair? Infrastructures
and materialities of breakdown. In Proceedings of the 17th ACM conference on
Computer supported cooperative work & social computing. 319–331.

[31] Marios Stanitsas, Konstantinos Kirytopoulos, and Elise Vareilles. 2019. Facilitating
sustainability transition through serious games: A systematic literature review.
Journal of cleaner production 208 (2019), 924–936.

[32] Nazlı Terzioğlu. 2021. Repair motivation and barriers model: Investigating user
perspectives related to product repair towards a circular economy. Journal of
Cleaner Production 289 (2021), 125644.

[33] Lionel Sujay Vailshery. 2022. Number of IoT connected devices worldwide 2019-
2021, with forecasts to 2030. (2022). https://www.statista.com/statistics/1183457/
iot-connected-devices-worldwide/

[34] Maja van der Velden. 2021. ‘Fixing the World One Thing at a Time’: Community
repair and a sustainable circular economy. Journal of cleaner production 304
(2021), 127151.

[35] Youngjin Yoo, Kalle J Lyytinen, Richard J Boland, and Nicholas Berente. 2010.
The next wave of digital innovation: Opportunities and challenges: A report on
the research workshop’Digital Challenges in Innovation Research’. (2010).

[36] Jinglei Yu, Eric Williams, Meiting Ju, and Yan Yang. 2010. Forecasting global
generation of obsolete personal computers.

https://www.statista.com/statistics/1183457/iot-connected-devices-worldwide/
https://www.statista.com/statistics/1183457/iot-connected-devices-worldwide/

	Abstract
	1 Introduction
	2 Developing the Initial Concept
	2.1 The Merging of Two Games
	2.2 Incorporating the Research
	2.3 Developing It's All Connected

	3 An overview of It's All Connected
	3.1 Playing the game
	3.2 The Citizen Roles
	3.3 The Director Role
	3.4 The Producer Role

	4 Design Iteration and Testing Workshops
	4.1 Turning Research into Game Mechanics

	5 Workshop Challenges
	6 Delivering a fun experience
	7 Raising awareness through play
	8 Conclusion
	Acknowledgments
	References

