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ABSTRACT

Addressing societal problems is complex; little is known
about which paths or approaches are successful. We discuss
what is involved in knowing when and how and for whom
change needs to occur, as well as the impact of doing so at
scale—especially when novelty and academic contributions
may be compromised. To this end, we present a ‘scaling up’
framework based on a societal project where we worked with
multiple stakeholders to improve food waste recycling rates
in a housing estate. We propose three main factors involved
in scaling up: (i) ‘the people,’ through reimagining roles and
relationships, (ii) ‘the method,” requiring flexibility in design
and research, and (iii) ‘the impact,” informing new measures
by handing over the evaluation. We reflect on the challenges,
dilemmas, and successes encountered, as well as discuss the
benefit of ‘handing over’ the evaluation process to gather
scalable metrics based on economic modelling.

Author Keywords
Multi-stakeholder collaboration, scaling up, food waste
recycling, behavior change.

CSS Concepts

* Human-centered computing~Interaction design
process and methods * Human-centered computing~Field
studies * Human-centered computing~Contextual design

INTRODUCTION

Within HCI, there has been a recent call to address societal
challenges by designing and deploying new technologies
[56,59]. Topics are far-reaching: climate change; societal
health and well-being; innovation in developing countries;
and new forms of transportation and connectedness in urban
living, to name a few. A pressing global problem is food
waste management [65]. Various reports in the last few years
have produced alarming data about its extent; for example, it
has been estimated that, in the UK alone, 4.4 million tons of
avoidable food waste is disposed of every year [50], while in
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Europe household food waste is thought to account for 42%
of the continent’s food waste, greater than the waste levels
created within the manufacturing, catering, and retail sectors.
Many countries have set targets to reduce food waste by at
least 50% within ten years. However, this is likely to be very
challenging. Over the years, local authorities have tried
various methods to improve levels of food waste recycling,
but often with little impact on householder behavior.

How can researchers and designers begin to address this
challenging problem? One approach is to employ a behavior
change methodology whereby technologies are designed to
dissuade or facilitate certain kinds of behaviors; for example,
not throwing all waste into one bin. Until now, most food
waste recycling behavior change projects have been small-
scale, focusing on the level of the individual householder. To
make a societal impact means designing at a broader level,
within and beyond the individuals and communities affected.
In short, it requires scaling up: working with a variety of
stakeholders connected to representative communities and
joining government and company initiatives to provide
expertise in user engagement, user-centred design (UCD),
and ethics. However, each stakeholder will have their own
agendas, budgets, and methods. This raises important
questions: what methods each partner will use, when and
how to collaborate, and when to hand over the project from
one partner to another. The goal of our research was to
discover and chart how this can be accomplished.

In this paper, we present and critically discuss a 15-month
food waste recycling project that was run as a multi-party
initiative in London comprised of a diversity of stakeholders:
government officials, strategic partners, company managers
and employees. Our role as HCI researchers was to co-design
an intervention with local communities that could be placed
in urban housing estates to improve their food waste
recycling. However, for a variety of unforeseen reasons, we
were unable to engage with the residents. When faced with
the unexpected situation of a hard-to-involve community, we
had to change direction by adapting our design methods. This
turn of events resulted in a design intervention that proved to
be successful at significantly changing residents’ behavior.
We discuss what was involved in making these compromises
and the ensuing trade-offs. We then present lessons learned
in terms of the challenges we faced and how they informed
our scaling up framework for addressing societal challenges.



BACKGROUND

Scaling up HCI research

Scaling up is the process by which the scope of a project is
considered in terms of how to make a societal impact. In
general, it involves working with several stakeholders and
conducting multiple studies at multiple sites over a period of
time to show validity, reliability, sustainability, and in situ
impact. Within HCI, this has occurred through crowdsourced
studies (e.g., [27]) and designing prototypes in parallel (e.g.,
[2]). These efforts have shown how to design, build, and
study social computing systems at different scales using
crowds of remote contributors. The focus has been on how
to make design more accessible by coordinating large
numbers of diverse volunteers in open-ended research [67].

Others have identified various problems that can arise when
scaling up research projects [11, 18, 43]. For example,
Chilana, Ko, and Wobbrock [18] discuss the challenges of
moving from a research project to a commercial product,
noting how there are multiple stakeholders that need to be
taken into account aside from users, including business
customers, administrators, financers and regulators.
Blumenfeld ef al. [11] note, too, the unforeseen challenges
they faced when trying to scale up a technology that they had
developed for a school setting, including dealing with school
legislation, limited resources, and organizational culture.
Expectation management is also critical to a project’s
success [5]. For example, Balestrini et al. [7] discovered a
number of mismatches between the technology intervention
that they developed and what the community assumed that
they were providing. Masden et al. [45] also describe how a
social media app developed to support local neighbourhoods
ended up raising tensions and privacy issues that resulted in
it being used less than hoped for. Hence, there can be many
obstacles when trying to scale up a research project.

One way of managing this difficult process is to work with
stakeholders who are better equipped to support different
aspects of the research, development and commercialization.
However, while they may share a common goal, each may
hold competing desires, influence, and values. This often
means finding ways of working together to overcome such
differences. Stakeholder-centered design 1is one such
approach, whereby the needs, desires, and contributions of
diverse stakeholders are accounted for with respect to the
products, services, and systems in the project [29].
Consideration of everyone who is connected to or impacted
by the service or system being developed also requires
thinking about factors beyond user needs, including
economics, transactions, policies and even politics.

An example where UX designers were involved in a multi-
stakeholder project was in the development of a health app,
where they worked alongside clinicians, medical researchers,
engineers, and designers. Their role was clearly identified as

2 https://ethics.acm.org/2018-code-draft-1
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experts in usability testing [22]. But it is not always clear
what else one should take on. One tactic is to be upfront by
articulating each party’s motives when conducting design
projects and research [42]. This includes taking into account
the politics of co-making interventions, being mindful of the
users involved, and considering the project’s impact on the
world at large [70]. Some argue that they should not be acting
on behalf of certain groups, such as the exploited, the
homeless, and those without a voice. Others err more on the
philanthropic and conservation side, wanting to help save the
planet, reduce poverty, and protect endangered species
[49,59]. In these ‘turns to action,’ the researcher often face
ethical dilemmas: for example, is the research being asked of
them within the ethics code of practice required by their
university, or the ACM?? When scaling up, these questions
take greater precedence because the situation is more
complicated and the impact potentially greater: with more
stakeholders, there is more at stake.

There may be a need, therefore, for researchers who are
working as part of large-scale projects to adopt different
framings, methodologies, and ways of carrying out design
and research practice [56]. As Balakrishnan et al. [4] found,
integration across different disciplines and expertise can be
difficult, especially when agreeing on and sharing tasks.
Complexity increases with the dissimilarity between team
members, culturally and organizationally. Power struggles
can materialize between stakeholders, whose goals and
ambitions may evolve as the project progresses. Moreover, it
can appear that someone else is steering the project than was
originally decided or assumed [56]. An important goal is to
strive for equity and participation, where communication is
seen to be transparent and accountable [36]. This requires
knowing (or figuring out on the fly) how to navigate the
many unknowns and uncertainties that inevitably arise and
deciding what compromises to make [35]. Certain
mechanisms can be adopted to tackle the difficulties that can
arise; for example, Shneiderman [59] has discussed several,
such as forming balanced teams with a mix of senior and
junior members as well as business and academic members.

Community and citizen engagement

A central part of our research was to facilitate community
engagement: the process by which researchers, practitioners,
or civic entities work with a specific community on a
community-driven project [58]. Such work often has a multi-
stakeholder context, involving a small set of stakeholders
supporting members of the community as leaders of the work
[33]. In HCI, community engagement work has covered
designing technologies for civic engagement [33], such as
enabling locals to voice their opinions [25,26], area
sustainability, such as reducing energy consumption or
improving air quality [20,31], and support for community
programs [16]. Examples where community engagement has
been successfully deployed include: the design of Internet of



Things toolkits in developing nations [32]; apps for tracking
health [20], the use of robots in hospital wards [23] and the
design and deployment of digital noticeboards for remote
communities in Australia [51,60]. Other projects where
community members have played a central role not just in
co-creating an intervention but also using it to change their
own behavior includes Tidy Street, where a public street
graph depicting the community’s energy use over a period of
time helped them significantly reduce it [10]. Most
community engagement projects have been ethnographic or
qualitative in nature, revealing emergent phenomena, new
design practices, and lessons learned [13]. Benefits include
fostering trust, generating interest from residents and
organizations, and creating a better fit between people and
technology [21]. But there are challenges: creating suitable
conditions for research [68] and foreseeing outcomes [24].

Such projects are often democratic [41] or emerge directly
from within a community [21]. But what communities want
and what researchers can do may be at odds. For instance,
conflicts can arise [25] when researchers propose ideas that
go against the community’s set of values and/or governance.
In one case, a community was introduced to the idea of using
pirate radio to broadcast local issues of concern (e.g.,
pollution levels). While some members were keen, others
were not so happy, considering the idea dangerous and even
reckless. In another project on visualizing street data,
tensions arose between councils and residents over what data
should be presented [62]. When disconnects between
stakeholder groups occur, they may be overcome by
generating connections through appropriate dialogue [4].
Local organizations and statutory bodies who represent
and/or manage access to key communities, e.g.,
neighborhood associations [41], may also try to assist.

Researchers are increasingly being asked to work on projects
for and potentially engage with communities. They are also
required to work with stakeholders who may or may not be
members of those communities but who are responsible for
their operation and well-being within the larger cityscape. In
contrast with community engagement that is citizen-led,
these kinds of projects are typically directed by governments,
councils, and public organizations who seek ways of
encouraging citizens to engage with civic issues, assess
policies, and contribute to public projects. The role of user
researchers in such projects has tended to be pragmatic: for
example, how to enable citizens to provide input for the topic
in question and, where possible, contribute to emergent
concepts and designs [cf. 57]. This typically involves visiting
local sites, talking to people, and inviting them to workshops.

Another challenge facing community engagement is gaining
access to citizen groups [72]. This often requires
considerable effort: recruiting collaborators, encouraging
participation, and developing relationships as outsiders [34].
When they do come on board, a subsequent challenge is how

3 https://www.fixmystreet.com
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much of a voice to give citizens within the design space. One
example wherein much leeway was given was the mobile
app FixMyStreer®, where residents were encouraged to share
their opinions with developers. Another digital tool designed
to encourage community discourse is a virtual agent that
community members can talk to [1].

A further concern is how a proposed intervention will be
approached, used, or ignored in the intended context.
Research in the wild [21,53,56] provides an alternative
approach for researching this, where an app, service, or
product being developed for a community or user group is
researched, designed, and tested in the setting it is intended
for before being deployed. Those conducting research in the
wild often work with communities [7] by deploying
technology probes developed by research teams to provoke
people to act, react, or reflect in various ways, in situ.

Designing behavior change interventions at scale
Advances in technology are enabling councils, companies,
and communities to envision how to make cities ‘smarter’ by
instrumenting them with adaptive, interactive, and social
technologies, such as IoT, that can generate new and big data
about citizens and environments [15,73]. Opportunities are
appearing for rethinking how to design behavioral change
interventions to work at scale, engage a sector of the public,
and have a significant impact. Much has been written about
which methods are effective, such as nudging and social
norms (e.g., [28]), what theories can be applied (e.g., [64]),
and which interventions have been designed and tested (e.g.,
[3,9,30,55]). A common approach is to develop educational
materials; for example, placing posters in public areas,
sending out fliers to residents, and creating public websites,
e.g., Recycle Across America’s digital campaign with
celebrities®. Uptake of this approach is widespread; it is
quick, scalable, and relatively cheap. But it has only had
modest success that tends not to be sustained once the local
borough’s interest and funding runs out (see [7]).
Technology interventions, using ambient devices and
displays, have also shown much promise. An early example
is a sculpture placed next to a user’s computer that slumped
over if the user sat for a long time without taking a break
[38]. Ambient displays that lure people to take the stairs
instead of an elevator in a workplace [55] have been found
to elicit much intrigue and discussion over a period of time.
Moreover, even though few people admitted to changing
their behavior, logged data of their actual movements
showed a significant increase in stair usage.

Applying the design principle of playfulness has also been
effective at attracting and sustaining interest from a diversity
of people [40,54]. Play can tap into people’s curiosity and
generate spontaneous experiences that are low investment
but grounded in the activity [37,54,66]. The ‘fun factor’ has
also been found to foster motivation, enjoyment, and social
interactions [12,40]. Public installations targeted at recycling

4 http://www.recycleacrossamerica.org/psa-campaign



behaviors have used playful feedback to provoke surprise
and reflection. For example, the World’s Deepest Bin [69]
played a sound emulating an item falling a great distance
when something was thrown into it. Other examples include
the Bottle Bank arcade machine [69], which rewarded users
when they recycled a bottle, and BinCam, which took a photo
of what was thrown in a kitchen bin and uploaded it onto
Facebook for commentary [19]. A challenge when designing
such interventions, however, is how much playfulness to add
and what form should it take [46]. This is especially pertinent
when scaling up: is it possible to design a playful prototype
that the various stakeholders find acceptable?

The remit of our project was to design an innovative
intervention that could improve a community’s food
recycling behavior, one that could be scaled up for use city-
wide. We present below the design processes, the challenges
and how these were resolved, and what was finally achieved.

THE FOOD WASTE RECYCLING PROJECT

The 15-month project was a multi-party initiative managed
by a waste company in collaboration with various London
boroughs. The goal was to develop a food waste recycling
program at scale and provide evidence for its effectiveness
so that that all boroughs could justify implementing it.
During the planning phase of the project, we agreed to
develop an innovative behavior change technology that
could help people habitually recycle food waste by
separating it from other kinds of waste. The setting was
multi-tenancy flats on housing estates, which feature a high
density of inhabitants who share communal recycling bins.

The roles of and relationships among the stakeholders® are
shown in Figure 1. These included representatives from the
mayor’s office, the service provider, an urban innovation
organization, ourselves, and three local boroughs. The
citizens (i.e., the householders in the flats) were viewed as
being at the centre of the project. Much pre-planning
occurred over a 6-month period to make explicit and agree
on the roles and time periods for the work packages. As the
university research partner, we were responsible for the
citizen engagement and design intervention phases.

The boroughs were keen to work with a housing estate where
recycling levels were poor and community engagement low.
Our initial plan was to follow a user-centred approach:
involving requirements gathering, design iterations, and
deployment in a real-world setting to collect data on actual
behavior. For this, we proposed stakeholder interviews, co-
design workshops, in-home interviews with residents, and
observations at the site.

5 While we too qualify, for simplicity we use ‘stakeholder’
to refer to the other stakeholders in general, and ‘partner’ to
specifically refer to members of the partner team.
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Informants, recruiters, end-users
inthe housing estate, representing
asample of the citizen population

THE
MULTI-STAKEHOLDER
ECOLOGY

Mayor’s
Office .

Figure 1. The roles and responsibilities of the stakeholders.

City-level impact assessment;
project value capture

Citizen intelligence;
engagement with the local
community; urban
infrastructure (test beds)

Service
Provider

Partner team

City innovation and environment
strategies; experience working
with the city and boroughs

Urban
Innovation

Program management;
. Partner

citizen-centric research;
city services know-how

Research and methods;
documentation of findings; user-led
design and innovation; evaluation

It was agreed that our findings from the citizen research
would allow the urban innovation partner to derive metrics
for predicting the increase in food recycling and concomitant
energy that could be saved in a year-long period. Their plan
was to conduct a formal impact assessment that could be fed
into an economic forecasting tool. They proposed using a
customized methodology with impact indices that could be
compared against government economic and social impact
targets. The waste management company considered this to
be a critical form of ecological validation: providing
objective evidence for the effectiveness of the design
intervention to change householders’ recycling behavior.

It was also agreed that the urban innovation partner would
collaborate with us on early design activities. We planned co-
design workshops with citizen groups to progress our designs
that would take into account their views, opinions, values,
and circumstances. Representatives from the local boroughs
also said they would help us recruit local citizens.

But despite our forward planning, including how to
collaborate and when to hand over, progress was only made
through comprising and seizing new opportunities. Indeed,
we quickly realized that conducting a large-scale, multi-
stakeholder design project is not straightforward: we had to
confront unforeseen problems, change tack, and abandon
planned methods. Designing at scale involves managing this
process as much as it does collecting user feedback and ideas.
Here, we account for how we managed and embraced the
unexpected through a process of adaptability and reflexivity.

METHODOLOGY

Reflexivity (cf., [39,52]) involves accounting for one’s
actions, decisions, thoughts, and worries when engaging in
field work [39,52]. Johnson et al. [39] discuss how being
aware of one’s role as a researcher can sensitize one to salient
aspects of people’s experiences, particularly for hands-on
interventions that can disrupt everyday routines. The effect
of conducting research on the researchers themselves—the



dilemmas and anxieties they face, and how they deal with
them—is also an important source of knowledge [14].

The process of being critical and transparent about our
experiences as a partner on a multi-stakeholder project of this
size and ambition enables us to be more accountable [47]. It
can provide other researchers with insights about what they
will have to contend with when attempting to scale up their
research within the complexity of our ‘messy’ world. To this
end, we wrote notes, kept diaries as per [48], and recorded
meeting minutes. We also conducted interviews within the
partner team and engaged in critical discussions of our
conclusions with each other while writing this paper.

SCALING UP AND BEYOND: THE CHALLENGES

A recurring theme throughout the project was managing
uncertainty: how to recognize and resolve unexpected issues
while trying to follow our methodology. At the same time,
we learned how to capitalize on the unforeseen opportunities
that arose. Below we present the most salient and
representative examples as a set of ten challenges.

Challenge 1: Managing different management structures
As researchers, we were used to a flat management structure.
But as part of a multi-stakeholder team, we had to fit in with
a different style of management to which the service
providers were accustomed. They proposed a more formal
and structured process, including a management team and a
senior sponsor board. We were asked to attend several pre-
defined management meetings, as well as write up and
present formal documents with action points, milestones,
work plans, and anticipated deliverables. This explication
process is something we, as academic researchers, do not
normally engage in. However, despite our early resistance,
we were pleasantly surprised at how working in this way
enabled us to disseminate and legitimize our research. In
particular, it gave us an opportunity to convince the partners
unfamiliar with our approach of its the value and novelty.

Challenge 2: Reconciling differences in choice of site
The initial site proposed by the borough stakeholders was
based on their perceived suitability for engagement, current
food waste recycling performance, and previous experience
with the council. While the last two factors were clearly
defined, the first was open to interpretation. Following HCI
research guidance [6], we recommended choosing a site
where there were committed recycling champions: people
already motivated to help get other residents on board, act as
mediators, and keep the project momentum going. But the
borough stakeholders proposed that tackling recycling
behavior in a way that would be effective at-scale should
begin with a housing estate that had been resistant to change.
While challenging, success would lead to new insights for
helping other housing estates with low rates of recycling. As
a compromise, we agreed to take on this challenge by
initially trying to understand the reasons behind this
resistance, assuming we could then find a champion.
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Challenge 3: Reconciling different interview practices

Our plan was to conduct on-site interviews with residents. A
member of the service provider team also teamed up with us.
However, we soon discovered we had different approaches.
Our interview protocol used carefully phrased questions to
avoid unduly influencing responses and keep the focus on the
project. In contrast, their approach was more informal and
personal, sometimes offering their opinions and making
suggestions to the interviewees. Their rationale was that this
kind of conversational style enables rapport and trust to be
built. We needed to consider whether a compromise could be
made. We asked ourselves whether it mattered if our more
structured protocol became a more open-ended one that,
while not consistent across participants, could built rapport
between ourselves and the residents but also with each other.
In the end, we accepted their reasoning: that trying to build
trust with the residents—and between us—was more
important than following a structured interviewing approach.

Challenge 4: Engaging with resident stakeholders
Although the council had worked with the housing estate
before, it proved difficult for them to find willing residents
or a first point of contact. Those we spoke with were wary of
us, seeing us as strangers, and chose not to accept our
invitation to be interviewed. We also discovered that some
residents did not think too highly of the council, who they
felt did not deal with their complaints or concerns. We then
adopted a different tack to engage residents. We tried word-
of-mouth networking through the service provider’s network
and the residents board. But again, we came up against
resident resistance. One board member informed us that the
residents had greater problems to deal with than waste
recycling. Next, we tried cold calling, doorstepping, leaving
fliers, and sticking up posters on-site. We also attended
events organized by the residents’ association, such as a
weekly tea session, but only the organizers showed up. We
also set up a stall at the housing estate’s summer festival.
While these alternative approaches resulted in some
residents appearing keen at first, and us being able to collect
a few contacts, none responded on follow-up.

At this point (approx. 7 months in) we decided to try an
unconventional and indirect method: making observations of
the insides of the communal bins. We took weekly photos
and compiled these into an aggregate visualization matrix
(Figure 2) for our partner team. This visual evidence revealed
how almost all bins were contaminated. By this is meant
other non-food materials present in the bin, such as pizza
boxes. It also highlighted a mismatch in our understanding
of what constituted contamination: while the stickers on the
bins stated ‘no plastic bags,” much debate in our team ensued
as to whether plastic bags qualified as contamination — as
some are biodegradable. These observations were thus able
to reveal insights about the residents’ current waste disposal
habits indirectly, and also the need for clarity within the
partner team and council about best practices and what
materials to provide to the residents.



Fri 16t
June
16:00

Wed 28t
June
15:00

Fri 30t
June
16:30

Tue 18t
July
12:00

Sat 22nd
July
11:40

Figure 2. Example of an aggregate visualization matrix of the
contents of the communal bins on the housing estate.

We also went on an impromptu walkabout with the partners
at the housing estate. All were able to experience the state of
the food waste bins firsthand: smelly and covered in flies,
with the metal handle too hot to touch (in summer). A
resident also came out to tell us how the food waste bins were
attracting foxes. In doing so, it allowed us to notice how
inconvenient it was for some residents to walk from their flat
to the communal bins.

Based on these observations, we proposed three core user
requirements: that the food waste recycling activity be made
(1) more hygienic, (ii) more convenient, and (iii) include an
awareness-raising solution. The other stakeholders, having
experienced these factors themselves, agreed. Hence,
changing our methods was not only necessary but also
serendipitously beneficial.

Challenge 5: Resolving which form of compensation
When it came to compensation, we assumed it would be our
responsibility, but instead it became a team one, involving
collective decision-making: not just the ‘what’ but also the
‘how’ of resolving the issue. As part of this decision-making,
it was agreed that the service providers would pay the
participants. But then they discovered that they could not
handle this form of monetary compensation as it could be
viewed as offering financial rewards to their customers,
going against their regulations. They instead suggested
providing merchandise with the company’s branding on it.
But we felt that this kind of compensation would contravene
our university ethics approval. The service provider then
suggested a gift from a retail company: an orchid and a re-
usable vase which we agreed upon to prevent further delays
to the project, rationalizing that providing an orchid would
be eco-friendly, low-impact, and reflect the values of the
project. We then had to decide when fo give it: after
participating in part or all of the study? While money can be
split, a plant cannot.
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Figure 3. (a) The second housing estate and (b) its bin storage.

Then, during a meeting with the head of the residential board,
a council member discussed how cash and vouchers were
also their usual form of compensation and that they would
normally provide twice as much as what we had proposed.
By another stakeholder articulating their practice, the service
provider was given new evidence to persuade their company
that we should be offering the participants monetary
vouchers. This was what was finally agreed on. Hence, what
we expected to be a straightforward decision turned out to be
complex. The protracted process over a small aspect of the
project revealed a friction between corporate and university
cultures that took much effort to resolve.

Challenge 6: Letting go and trying again

After being unable to engage with the residents directly, we
had several discussions with the partners about how we
should proceed next. The borough was very keen to continue:
we had invested a lot of time and energy, and it would look
bad to ‘give up’ at that point. We pointed out that residents
should be involved in the process rather than subjected to an
intervention without consultation. The dilemma we faced
was how to proceed without citizen engagement of the level
envisioned. We agonized over whether it would be okay to
move into the design phase based largely on our indirect
observations of the site. Also, would we be doomed if we
placed our design intervention at the same site where we had
encountered so much disinterest?

We all agreed that we had to start the design phase and would
try to invite residents to join us during the co-design sessions.
The partners also accepted that we should find another
housing estate where there was at least one resident who
could champion the project. If successful, we could return to
the original housing estate and test our intervention.

After several weeks, the council found a similar housing
estate in the same borough that was not performing well in
terms of food waste recycling. This site (see Figure 3a)
consisted of 40 newly developed, midrise, multi-tenancy
flats. It had an amenable setting for the communal bins: an
indoor room that was only available to residents, caretakers,
and council members (see Figure 3b). Passers-by could not
fly-tip and the bins would be safe from environmental issues
and security risk (a locked, contained room).



Challenge 7: Compromising design innovation with the
practicalities of scaling up a prototype

The next phase of the project involved co-designing ideas to
overcome the various barriers to food waste recycling we had
gleaned from the first phase: lack of convenience, lack of
awareness, and poor hygiene. However, our plan to run the
co-design workshops with residents backfired, as again none
were willing to take part. Instead, the designers in our team
created a set of sketches/storyboards and a user journey
based on our observations of the original estate (Figure 4).
Representatives from other stakeholder groups participated
in the workshop. Each contributed design ideas—simple
sketches of possible interventions or parts of interventions.
We then chose a final idea after all the workshop participants
ranked the different designs using a set of predefined criteria:
whether the idea was playful, informational, rewarding, or
functional. This was to enable a systematic way of
comparing and judging the qualities of the designs, rather
than allowing individuals to focus only on their own
concerns of feasibility, cost, etc.

The most highly rated ideas were a bin monster that called
out to people in the vicinity (low-tech), a voting bin with two
containers acting as tallies for a weekly question (mid-tech),
and a food waste visualization showing energy inputs and
outputs (high-tech). The most preferred design was the low-
tech bin monster: the most playful, engaging, and scalable in
terms of cost, maintenance and mass production. From a
novelty perspective, we preferred the relatively high-tech
IoT idea of providing a food waste visualization to different
groups of residents showing their relative food waste
recycling efforts in terms of weekly amounts of energy
saved, as it fitted in with our ongoing research in this area.
However, the council members noted that this design would
be too expensive and required too much tech to make it work,
and hence would not work at scale or be sustainable.

It was a humbling experience for us to have our preferred
design concept rejected: the quandary for us was that the
low-tech bin monster idea was not novel and thus, we
worried, would not be seen as making a new contribution to
HCI knowledge by our peers. This tension resulted in us
experiencing a kind of cognitive dissonance.

As a compromise, we agreed to bring the bin monster to life
using a mix of playfulness and anthropomorphism realized
through a small amount of relatively cheap electronics
(Figure 5). The other stakeholders stressed the importance of
making its appearance not too scary and not too cute: the goal
was to enable all residents to be attracted to it and want to
keep ‘feeding’ it their food waste. Moreover, the electronics
and other materials had to be cheap for scalability.

® http://www.thefuntheory.com/
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Figure 4. User workflow showing breakdowns (beneath the
line) and solution points (above the line) when moving from in-
home to outside during a typical recycling cycle.

We designed the bin’s eyes to light up when approached,
followed by ‘cooing’ to entice residents towards it. If the bin
lid (or ‘mouth’) was then opened, its eyes became sparkly
and it would make a sound of anticipation. If something (i.e.,
food waste) was placed inside, it expressed approval by
making a ‘munching’ sound in a contented way. While the
idea of feeding a creature that mimics a response using eating
sounds and eye animations is not new (e.g., [55] and
TheFunTheory.com®), our goal was to see how it would
change resident behavior in situ over time.

We also specified how to sustain behavior change for the
whole process of recycling food waste, from the kitchen to
the communal bin. This required providing other free
materials to each flat, including a small caddy for the
residents to use in their kitchens, a set of biodegradable bin
liners, and an information sheet made up of stickers as
reminders about what food waste is and is not.

Challenge 8: Handing over responsibility when not there
We were unable to install the Bin Pal ourselves owing to a
mix-up by the transport company who were delivering it.
Instead, the service provider manager agreed to install the
bin. This was achieved through a researcher verbally
explaining over the phone how to set up the electronics to
make the facial features and logging work. They succeeded
in getting the bin working.

An unexpected benefit from this impromptu collaboration
was that the partner experienced the thrill of hands-on
research in the wild. She was very proud, taking photos of
the functioning Bin Pal and sharing them with her company.
She then took on the responsibility of maintaining the Bin
Pal (that she nicknamed ‘the baby’) as a ‘technology
steward’ [71]. Handing over the setup and upkeep of the Bin
Pal to another partner turned out to be a positive experience,
allowing her to learn new skills and feel accomplished.
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Figure S. The Bin Pal (right) with the home starter kit (left).
Sticker sheet icons by Freepik (Flaticon Basic License).

Challenge 9: Handing over the evaluation of the project

Part of the innovation consultancy’s role was identifying
appropriate evaluation metrics by establishing a baseline and
setting up a counterfactual (i.e., what would happen if the
intervention never occurred) based on the site data. We were
not involved in this process; they ran the evaluation study at
the housing estate collecting data over a period of 3 months.
To do this, they commissioned a contractor to measure and
record the weekly weight of food waste. Unlike in research
projects where the researchers collect and analyze the data
themselves, we had to wait for our partners to let us know at
the end of the study whether the intervention was successful
and to what extent. Having been deeply engaged in the
project for so long, it felt strange to no longer be involved.
But the upshot was that the evaluation was more objective:
the evidence and outcome of which we could not influence.

The main metrics were: (i) the weekly weight data and (ii)
the waste disposal cost data provided by the council. The
latter was determined by comparing the weight of waste sent
to the landfill and the weight of acceptable food waste (i.e.,
not contaminated), quantified at the food sorting site. As the
project was already six months late, it was agreed that they
would only be able to collect data for a 12-week period,
following a 3-week period before the intervention was
installed to provide a baseline. The weight of collected food
waste was also recorded at two other sites as a way of
determining by comparison whether any changes were due
to the intervention. The team considered this to be a
sufficient means of providing data and evidence for the
economic forecasting stage, to allow them to decide whether
the project could be scaled up to other boroughs.

The data showed an upward trend in food waste recycling
from weeks 2 to 12 and a downwards trend from weeks 13
to 16, reflecting the extent of a novelty effect. During this
latter period, there were also problems with replacing the
battery of the Bin Pal, which could also explain the lower

data levels. Overall there was a significant improvement in
food waste collection: 281%. for the period. Using the UK
government’s ‘The Green Book’ for sustainability estimates,
the revenue from the electricity generated from the food
waste was calculated to be £27,677. We were all surprised,
and the council and service provider stakeholders were
impressed by these figures. In the report, it was noted: ‘If we
apply the same food waste collection level observed in the
pilot (121kg/flat) ... a £94/ton saving when food waste is
diverted to AD facilities [for generating electricity] ... we
estimate [...] approximately £1 billion in savings ...” The
outcome was potentially massive and provided evidence that
the new intervention could be effective at scale. This was
music to our ears since we could not have made such a
prediction based solely on our study findings.

Challenge 10: Accessing resident reactions

While deploying the BinPal in the housing estate a few of the
residents became curious about the project. This enabled
some rapport and trust to be built between us. The residents
we came across were largely positive, for example: ‘It's fun!
It is easy to use the bin and it looks nice, it’s easier to us
because it is not as tall as the previous one.’ Another said,
‘The bin is visible and colorful, it looks nice and clean.’ The
manager of the housing association also mentioned that there
was an absence of feedback—a positive meaning since the
residents tended to only report negative feedback to them.
The insides of the bins were also photographed once a week
over a period of 4 weeks; this time, they showed very little
contamination. During one visit, we noticed that one of the
Bin Pal’s ears had been broken and carefully reattached:
someone had taken it upon themselves to fix it (Figure 6).
This act of repair suggests that residents were taking
responsibility and perhaps ‘caring’ for the Bin Pal.

Figure 6. The Bin Pal’s broken ear (left) later fixed (right).

DISCUSSION

Our project demonstrates one way of scaling up for the
societal challenge of food waste recycling. This form of
scaling up was not conventional, i.e., engaging hundreds of
participants at multiple sites. Rather, it involved working as
part of a multiple stakeholder team where the users could not
be directly engaged.

A novel part of the scaling up in our project was handing over
the evaluation to another stakeholder who assessed and
predicted how our design intervention could make an impact
on society. Their approach was to use the data collected from
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the in situ intervention and analysis of food waste weight
metrics as input for economic modelling at different scales
(e.g., making predictions for a whole year). This type of
prediction is the currency of councils, who are in the business
of making decisions when investing in technology at-scale
for a borough or a city. Instead of trying to mass produce the
Bin Pal to run a large-scale study, the data from three settings
was used to provide the evidence. Similar to how economists
make predictions about savings, costs, etc., based on models
and simulated data, our project has shown that it is possible
to ‘multiply’ the data from a relatively small user study to
make large-scale predictions about impact. The service
provider and urban innovation partners can use this
assessment to inform local councils using the lingo to which
they are accustomed of the potential benefits of Bin Pal for
increasing food waste recycling at a larger scale.

From a behavior change perspective, we can also consider
the reasons for the improvement in recycling and reduction
in contamination levels. One of the main factors appears to
have been the Bin Pal’s engaging and playful feedback,
transforming an unpleasant task into a fun one. Furthermore,
designing for all aspects of the recycling task, from
separating and storing the waste indoors to depositing it
outdoors in a communal bin, appeared to play an important
role. Having a critical mass of residents at the second site
participate also was important. Moreover, that the change in
recycling level was significant and sustained over three
months suggests that the Bin Pal’s success did not rest on a
novelty effect but also led to residents developing a new
habit of recycling their food waste, that was sustainable.

In line with other research involving multiple stakeholders
from non-HCI educational projects [11,43], we were able to
show how a diverse team can work together to achieve
success, even with different agendas, constraints, and
methods of working. However, a major downside is having
to compromise on various aspects of the design process
itself. Indeed, a persistent dilemma for us was the many
changes and compromises that had to be made in order to
move the project forward, especially related to pushing
forward our research agenda. As others working in a
different context (i.e., the world of start-ups and venture
capital) have discovered [18], the process of pursuing the
goal of scaling up can result in having to scale down
aspirations. Thus, our experience was a two-sided coin: on
the one side, an opportunity to address a societal problem at
a bigger scale than possible on our own, but on the other, a
challenge for us to follow a citizen engagement process
while being able to make a contribution to HCI knowledge.

Not being able to find a way of meaningfully engaging with
residents at the first housing estate, despite our numerous
efforts, left us frustrated and questioning the ‘user-centred’
and ‘resident engagement’ principles we had agreed to
incorporate in our methodology. As an alternative, we had to
adopt and adapt to more indirect methods of observation and
‘proxy’ designs: ones that were focused on our perceptions
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of the residents’ needs, their environment, and the daily
barriers they faced. This raises the question of whether what
we conducted can be viewed as citizen engagement, or more
generally, user-centred design. It certainly was not
participatory design or design research. Instead, we would
argue that having to change our methods so as to progress the
project can be viewed more from the perspective of
‘sensitive’ HCI [70], where the use of indirect means results
in empathy and a better understanding of why there was a
very low rate of recycling. It also led to insights about
supporting different aspects of recycling, including other
forms of support, such as awareness of what recyclable food
waste is and a route that started in the home.

More generally, this raises the question of what designers
and researchers can do when they have limited access to
users: when people are resistant, suspicious, not interested,
or too busy to participate in a community-based or city-wide
project. We cannot assume that we can ‘win’ local people
over at the start and participate throughout, even if what is
being created is intended to benefit them. Instead, we argue
that, in such circumstances, inviting them to come on board
when there is a prototype that can be given to them to test out
and use (i.e., in the wild research) can be beneficial.

A framework for scaling up

Instead of discussing our findings in terms of how they
support or extend a given design methodology, we propose
it is more valuable to situate our work within a general
framework on how to ‘scale up’ [56]. Our proposed
framework is comprised of three interrelated aspects: (i) the
people, in terms of their roles and relationships; (ii) the
method, in terms of how to adapt user-centred methods when
working within a multi-stakeholder context; and (iii) the
impact of ‘multiplying’ and projecting the results of a small
scale study at one site to a city model.

Scaling up the people

A multi-stakeholder context typically involves entrance to
not just one ‘community’—residents and the gatekeepers and
authorities associated with the community—but entrances to
multiple communities and their associated ecologies (e.g.,
their collaborators, regulatory bodies, and managers in
industry, local authorities). Figure 1 shows a simplified
diagram of our network of stakeholders. In reality, the
ecology included many more nodes: stakeholders who had
smaller roles and impacts, or who were involved in the
project at certain stages or for certain lengths of time, or even
joined and left and joined again as the project unfolded.
Unearthing and cultivating relationships between ourselves
and other entities (we do for ourselves), as mediators of other
entities (we do for others), and as mediated entities ourselves
(others do for us) is paramount. Managing this requires
‘scaling up’ our role, similar to the Manzini’s notion of the
human-centered ‘urban planner’ [44]: a combination of
multi-stakeholder (rather than multi-site) manager and
planner, who discovers the needs of the disparate parties
involved and attempts to balance them, while cultivating (in



the sense of improving) a shared agenda and understanding
towards accomplishing the overall goals of the project.

A difficulty, however, is learning how to navigate the
existing social and political structures that each stakeholder
works within. Extra work is required not only for the work
to happen within organizations [36], but also to tackle flare
ups across organizations that have different management
structures. This also involves adapting roles and methods to
fit with wunfolding events, where the researcher gains
knowledge in parallel with their relationship with those
involved in knowledge production [8,41]. Our prior planning
was best viewed as a starting point: a resource that allowed
us to accommodate the way the others worked. Suchman’s
[61] illustrative example of such situated action being akin
to canoeists riding the rapids is apt. Despite a great deal of
deliberation and the formation of precise plans, being able to
navigate the rapids depends on each person’s skills and
ability to react to whatever rapids come their way.

Having a social protocol for dealing with unexpected events
and misunderstandings is key. We view this as a form of
entanglement [41:1351] between the various stakeholders,
where changes, compromises, and a cultivation of shared
interests, goals, and values are the driving force. This
involves acting as a kind of synchronizer towards achieving
the overall goals of a project. The researcher can explore new
ways of mapping out these roles and relationships and
‘(re)designing’ the design/research process accordingly.
This is fundamentally an exercise in empathy: stepping into
other stakeholders’ shoes by actively imagining how the
situation is for them and the reasons behind their decisions,
opinions, and views [44]. In doing so, we can broaden our
perspective beyond ourselves and the users.

Scaling up the method

Scaling up the method means knowing how to compromise
the methodology within the multi-stakeholder team. It also
means assessing how such compromises will affect the
integrity of the design. This becomes a process of moving
into uncharted territory, similar to [18]: managing hold-ups
and unforeseen problems while considering the restrictions
on the time allocated to different steps in the process.
Seemingly trivial logistical tasks, such as participant
compensation, can end up being protracted as a result of
unexpected cultural differences. Furthermore, even when a
method is agreed upon, the way it is perceived and conducted
by each stakeholder can be different. To overcome such
challenges, open discussion with the other stakeholders and
personal flexibility are essential. Being willing to let go of
one’s prescribed ways of being and doing enables the
researcher to accommodate unexpected demands and
manage setbacks. The researcher, however, must also put in
substantial effort to coordinate successful interdependence
[4]. Indeed, not being in control and handing over ownership
at key times can be a salutary lesson [63]. In doing so, new
and potentially better ways of evaluating design can arise.
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Scaling up for impact

There is a growing concern that research involving some
kind of high-level technology intervention should be able to
demonstrate how it will make a societal impact, such as to
reduce the carbon footprint, energy consumption, and so on.
We showed how it is possible to envision this by combining
a variety of methods from different stakeholders. This
involved moving from ‘local solutions to local problems’
[35] into a ‘local impact for societal problems’ space. We
also showed how others in government and industry, with
different expertise and skills, can evaluate our design
prototype and, in so doing, obtain a set of impact metrics with
which the government and business worlds are more
familiar. Handing over the research baton in this manner was
beneficial, productive, and rigorous in our project, resulting
in an independent way of measuring impact at scale. As our
project has shown, scaled up measures, such as economic
forecasting grounded in governmental metrics, can be used
in conjunction with user-centered methods to generate a
more objective view of what might happen if the intervention
was scaled up. The ability to make this kind of economic
impact prediction is something that is normally beyond what
designers and researchers can achieve alone. Being able to
predict a societal perspective of savings (in this case, £1
billion per year) is very powerful. Moreover, such an
approach to evaluation can reduce the risk of confirmation
bias [17], the unconscious framing of the research question
to match the study findings and the selection of statistical
tests and/or qualitative data to support the desired result.

CONCLUSION

Our project illustrates how to address a societal challenge in
a scaled-up way by collaborating with multiple stakeholders.
We have reflected on how we achieved this through the case
of attempting to improve food waste recycling rates by way
of a low-tech, playful intervention. But there were many
challenges: we had to compromise and adapt to unexpected
twists and turns. Based on our experiences, we created a
framework on how to scale up through the merging of
disparate people, methods, and minds. A benefit of working
with others in this unpredictable way is to discover new
means of making and measuring a larger impact on society.
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