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Abstract:

Cultivating sustainability is a complex concept that shifts beyond the technological
focus of eco-efficiency, to engage with social and cultural practices. These social and
cultural practices are difficult to define, and are challenging to approach through
traditional design processes. A microcosm of this challenge is in reducing the energy
consumption of institutional buildings. Here, a tension exists between the building as
a technological system, and its performance as a site for human activity. This paper
presents a co-design process that brought together a complex group of stakeholders
to collaboratively explore understandings, representations, and physicalisations of
‘energy consumption’. The results of this process reveal some of the key strengths of
the co-design process and provide insights into the ways in which different
ontological and epistemological positions can be surfaced through speculative,
publicly accessible data visualisation concepts as a catalyst for creative discovery.
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1. Introduction

Co-design, like co-creation and co-production is often used as a cover-all term for many different
user-engaged processes. The aim of this paper is to present a specific example of a co-design process
as it applies to the complex challenge of understanding energy consumption of buildings through
occupant behaviours.

In this paper we introduce the challenge of designing strategies to encourage a diverse range of
building users to think about and reduce their energy consumption in a shared urban environment
such as a university campus. We then present a detailed case study of a co-design process to unpack
the various ways in which co-design can help to address the complex socio-technical systems-based
questions of sustainability.

Copyright © 2021. The copyright of each paper in this conference proceedings is the property of the author(s). Permission
is granted to reproduce copies of these works for purposes relevant to the above conference, provided that the author(s),
source and copyright notice are included on each copy. For other uses please contact the author(s).



Davis & Gwilt

2. Background

Buildings are estimated to be responsible for 6.3% of direct global greenhouse gas emissions, and for
12% of the emissions associated with electricity and heat production (IPCC, 2014). A number of
technological strategies for reducing this consumption have been put forward, including the
decarbonisation of the energy supply (Alcott et al., 2012), and improvements in the energy efficiency
of building stock (International Energy Agency, 2012). However, the behaviours of the inhabitants of
these buildings also have a critical role to play in this narrative. For example, York (2010) highlights
the Jevons Paradox (Jevons, 1865) wherein increases in the efficient use of a resource leads to
increased demand. A key example of this was described by Slob & Verbeek (2006) with residents in
the Netherlands increasing their use of artificial lighting in response to being provided with more
efficient light globes. In response to this, building managers and researchers have made a number of
attempts to change occupant behaviour through the presentation of data (Darby, 2006). However,
the presentation of objective or rational facts and figures in isolation is not typically successful in
catalysing ongoing changes in behaviour (Thaler et al., 2008; Cialdini, 1993). Furthermore, there are
examples where the presentation of this data can increase energy consumption (Pierce et al. 2012).

An interesting site for action occurs when building occupants are not directly responsible for energy
bills (Darby, 2006). Research in this area typically investigates strategies to stimulate pro-
environmental behaviour among groups of non-bill paying end-users (Darby, 2006). Jain et al. (2013)
found promising results in encouraging pro-environmental behaviours by changing the units in which
information is presented. In particular, using the relatable metric of ‘trees’ was found to lead to
behaviour change while the more common technical, and to many, abstract and difficult to
comprehend, metric of kilowatt-hours (kWh) did not (Jain et al., 2013). While this may appear to
suggest changing the units that are used in live feedback technologies might drive behaviour change,
the relationship with behaviour is more complex. There are a wide variety of theories of behaviour
change that are applied across a range of disciplines. Some of the key behaviour change theories
have been summarised in table 1 below, with those used to frame this project highlighted.

Table 1. A selection of key behaviour change theories with key references and indicative foci

Theory Key References Indicative Focus
Theory of Planned Ajzen (1991) Individual behaviours in isolation
Behaviour

Transtheoretical Model Prochaska and Di Climente  Individual behaviours in isolation
of Behaviour Change (1986)

Sunk Cost Effect Arkes and Blumer (1985) Resistance to change at an individual
and cultural level

Tipping Point Gladwell (2006) Resistance to change at a cultural level

Social Learning Reed et al. (2010); Webler  Individual behaviours within cultural

et al. (1995); Rodela (2011) systems

Theories of Social Shove et al. (2012); Nicolini  Individual behaviours within cultural
Practice (2012) systems
Nudge Theory Thaler et al. (2008) Changing individual behaviours within

cultural systems through default choices
and small interventions
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In this research, the authors have structured the co-design process to incorporate element of Nudge
Theory, Social Practice Theory, and the process of Social Learning. Using this approach, both
participation in the co-design process itself, and the project outcomes become strategies for
behaviour change (Davis & Andrew 2017).

3. Methodology

This research used a blended methodology, with co-design as an overarching methodological tactic.
The practice is documented through a Case Study approach (Yin 2009), while also adopting the
concepts of Grounded Theory (Glaser & Straus 2017) and Phenomenology (Goulding 2005) to allow
the researchers to document the research in a rigorous, but also self-reflexive way.

Co-design is well established as a methodology for exploring sustainability transitions (Mitchell et al.
2015; Krzywoszynska et al. 2016; Manzini & Coad 2015; Alexander 2014), and a number of past
studies have focused specifically on the role of co-design in energy transitions projects (Jalas et al.
2017; Stevenson et al., 2016; Heiskanen et al. 2010).

In addition, the research was conducted across four stages that broadly aligned with the British
Design Council’s Double Diamond design framework / process of ‘discover’, ‘define’, ‘develop’ and
‘deliver’ (Design Council 2004) that are illustrated in Figure 1 below.
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Figure 1. Research process mapped against the Double Diamond Design Process (Design Council 2004)

Participants in the co-design workshops were recruited using the researchers’ networks at the
University, as well as through an open invitation that was provided to participants in the semi-
structured interviews and distributed electronically to students and staff. Participation was not based
on quotas, but the researchers did aim to engender diversity, targeting specifically: a gender balance,
participation of people from a variety of cultural backgrounds including international students and
First Nations Peoples, and a balance between staff, student and community participants. The specific
and deliberate inclusion of diversity in the co-design process contributed significantly to the findings
presented in the next section.
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4. Co-design processes, results, and discussion

For clarity and context, the findings from the research activities have been aligned to follow the four
stages of the double diamond process; however, it should be noted that there was a significant
amount of cross-referencing and reflection between these stages which supported the inductive
approach to the research.

4.1 ‘Discover’

In an initial semi-structured interview process, participants were asked to respond to a series of
questions through a card-based activity that was loosely based on the cultural probe method (Gaver
et al., 1999). Unlike a cultural probe however, the prompts and activities were used to facilitate an
iterative and discursive relationship between the participants and the research. The questions
broadly explored:

e assumptions about who would benefit from change
e attitudes toward who might be responsible for change, and
e general understandings of energy and energy consumption.

An examples of these cards with sample data is presented in figure 2 below.

Tom To reduce the e
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Figure 2. Semi-structured interview card example and data collection stand

When responding to questions about who would benefit from a reduction in energy usage, most
initial responses focused on extrinsic benefits, highlighting the University as a key beneficiary, as well
as potential extrinsic benefits for students if a reduction in energy use translated to a reduction in
fees. Many respondents then began to consider intrinsic benefits and macro-scale benefits with
terms like ‘everyone’, ‘all of us’, ‘the environment’, ‘climate’, and ‘the planet’ emerging.

Questions about responsibility and control highlighted a general sense of powerlessness. When
asked what they could do to make the University more sustainable, and what they could do to
reduce energy consumption, many participants responded with ‘not much’, ‘nothing really’, ‘not a
lot’, or ‘I’'m not sure’. Those who did respond overwhelmingly suggested ‘turning off the lights’ and
‘charging devices elsewhere’ as ways of saving energy. The notion of ‘charging of devices elsewhere’
was interesting because of the similarities with the findings of Pierce et al. (2012) who suggested
perceived reductions in energy consumption often do not address the root cause.
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When switching to the question of what the University could do, there was a focus again on lighting,
banning environmentally damaging products on campus (plastic straws, packaging etc.), and being
more active in advocating for ‘the environment’. A smaller number of participants highlighted the
Heating, Ventilating, and Air Conditioning (HVAC) systems and equipment as issues, as well as energy
generation technologies, and building design. These findings are broadly in line with Darby (2006),
Pierce et al. (2012), and Jain et al. (2103), particularly that end-users typically had low-levels of
understanding of the impact of their energy behaviours.

The first co-design workshop brought together 10 participants to discuss the concept of ‘energy’. The
primary focus of this workshop was on exploring how different participants understood energy, to
gain some insights into opportunities for prompting pro-environmental behaviours.

The question cards from the semi-structured interview process were used as a warmup activity
before a group discussion about energy was conducted using five prompt questions:

What does 'energy' mean to you?

What forms does 'energy' come in?

Can 'energy' mean something else?

How many different forms of 'energy' are there?
What does CO2 impact mean?

vk wNRE

Of particular significance in this part of the workshop were the contributions of members of the First
Nations community that brought their cultural understandings of energy to the discussion. It was
through their sharing that the ontological and epistemological assumptions of all participants began
to be surfaced. A First Nations perspective of ‘energy’ as ‘life’ recontextualised the question of
energy from a typically scientific paradigm to consider the more human centric understandings of
energy.

The final part of the first workshop presented a brief overview of some of the academic literature in
this space and looked at a series of existing data representation techniques, dashboards, and
communication tools relating to energy. The data representations and tools were then discussed and
evaluated in the context of the emergent group understanding of ‘energy’ to highlight those
conceptions of energy that were not present in the existing visualisation and physicalisation
examples.

4.2 ‘Define’

A second workshop occurred one week after the first. The facilitators invited the same participants
back to continue the discussion about energy as well as a number of people who were not able to
attend the first workshop. This resulted in a total of 14 participants in this workshop.

Based on the discussions of the first workshop, three prototyping activities were designed:

1. digital dashboard prototyping
2. storyboarding, and
3. rapid physical prototyping.

In the digital dashboard prototyping activity, the responses focused unsurprisingly on data
representation and on communicating information in a visual format. Most prototypes included
graphs, and static information displays, however, some featured dynamic or metaphorical
representations of energy consumption, including spinning boomerangs and live streamed footage of
coal power stations.
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When switching to storyboarding, participants began to explore the concept of the spectacle, as an
impactful visual event that causes people to stop and take notice. This idea had not been discussed
as a part of the first prototyping activity and added a layer of thought to the overall discussions.

The final prototyping activity provided participants with a range of materials including cardboard,
popsicle sticks, pipe cleaners, ping-pong balls, and pegs. Representations of energy included
elements of both the first prototyping activity (digital dashboards) and the idea of the spectacle.
Example prototypes are presented in Figure 4 below.

Figure 4: Prototypes for visualising energy usage

Participants engaged in the three prototyping activities in very different ways. The workshop was
designed to both support and challenge those from technical as well as creative backgrounds to
engage in prototyping in familiar and unfamiliar ways. This created an environment where
participants were actively engaging with and learning from the approaches of others, continuing the
social learning processes that commenced in the first workshop. The contributions made by the First
Nations people at this workshop again added a very different way of thinking about the ideas of
spectacle, and metaphors for energy. Culturally specific semiotics were evident in the responses
from these participants that lead to a range of discussions, which again facilitated social learning
among participants.

4.2 ‘Develop’

Following the second workshop, the researchers reviewed and considered the prototypes that had
been described in the workshop and developed them visually into seven more-detailed protypes
with the help of two product design students. A selection of these are presented in figure 5 below.
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Figure 5: Sample concepts presented for iteration and review

The students had been present at the two previous workshops, allowing them to reflect on their own
experiences as part of this process. In the workshop, participants were provided with a prototype
review sheet which presented a series of questions about the prototypes and asked them to

contribute further to the iteration of the ideas. Examples of this review sheet are provided in figure 6
below.
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Figure 6: Completed concept review and iteration sheets

At this final workshop, the group engaged in a critical discussion about ‘energy’ and the relationship
between the concepts that had been developed. The First Nations perspective of energy was agreed
among the group to have significantly broadened the thinking about the visualisation and
physicalisation challenge. In particular, it was seen as being critical in the shift toward understanding
and representing energy as a part of the natural environment and as a part of people, rather than

being a separate abstract or technological entity.

5. Reflection, future directions, and conclusion

Using semi-structured interviews in addition to a literature review at the commencement of this
project connected the process with the specific social and cultural context of the university
environment that was being investigated. Although the small sample size limited the generalisability
of these results, it catalysed a deeper investigation of the specific attitudes and beliefs of those that

chose to participate in the co-design process.
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Structuring the co-design process according to the Design Council’s Double Diamond (Design Council
2004) allowed the researchers to concentrate on different modes of engagement at different times.
The first stage in particular (discover) allowed a conceptual exploration that appears to have been
different from the starting points described in much of the previously described literature on this
topic. Rather than beginning with the goal of designing a specific behaviour change intervention, the
co-design process was able to commence with a discovery phase that explored more broadly the
concept of ‘energy’ from the various epistemological and ontological represented in the assembled
group. These conversations in the workshops foregrounded the opportunity for Social Learning
through the co-design process.

By allowing participants to consider different ontological and epistemological starting points for the
questions that were being raised, the co-design process was able to not only establish an approach
based on inductive rather than deductive reasoning, but also to catalyse a significant exchange of
knowledge between participants — creating a space within which participants were able to challenge
their own a-priori hypotheses. It might be argued that this flexibility exists within any study that uses
a Grounded Theory methodology, but the significant value of the co-design workshop in this instance
was its ability to create a space and set of participatory activities within which significant Social
Learning could take place.

The researchers observed an interesting relationship between the facilitation tools that were used
and the outcomes of various processes. Although the co-design process in this project was reliant on
not having an a-priori hypothesis, the act of designing the co-design process appears to have
functioned in a similar way. This can be seen most strongly in the second workshop, where the
materials provided in the prototyping activities steered the results. Here, the researchers worked to
mitigate the impact of the activity design influencing the outcomes by including three different types
of prototyping that ensured participants were invited to engage with three different formal
communication languages. The triangulation of idea generation and communication techniques
helped the researchers to use the co-design process to search for underlying themes that were being
described between the different prototypes and concepts being communicated, rather than focusing
a single production form with its attendant techniques. Despite the emergent link between tools and
outcomes, the workshop process was open-ended enough to redirect the attention of the
researchers and participants away from the prototypes they thought were going to be the most
achievable and realisable. The repeated process of returning to the broader group for discussion and
analysis of prototypes and ideas meant that the most successful idea prototypes were those that
engaged most closely with the concepts that had been discussed by the collective participants across
the three workshops.

The findings relating to the importance of the spectacle, and of individually relatable metrics may
have particular relevance within smart city research that is investigating the role of people in the
‘smart city’ (Komninos 2002; Neirotti et al. 2014; Anthopoulos 2017). More specifically, this research
continues to build evidence about the role of people in technologically focused systems (such as Nam
& Pardo 2011; Slob & Verbeek 2006). It may also demonstrate an opportunity to consider the
application of co-design processes to studies that are exploring the significant impact of HVAC
systems with research on perceptions of occupant comfort (such as Shaikh et al. 2014).

On a theoretical level, this research has been able to investigate the way in which the co-design
process can be used to develop provocations that may lead to later investigation of broader and
more generalisable hypotheses. The outcomes from the co-design process have provided a range of
opportunities to further explore how energy consumption is communicated, and how people are
engaged, particularly in public spaces, with the concept of ‘energy’. In particular, the authors see the
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concept of the spectacle as an interesting and novel opportunity to engage broader publics in
discussions about energy, and about sustainability more generally. This builds on the work of Manzini
and Tassinari (2013) and others, by establishing that co-design processes may be a useful framework
for engaging more the community more broadly around complex issues like sustainability.

Another important outcome is the recognition of the significant value that was added to this process
through the ability of the co-design process to facilitate exchanges between the participants. The
exchanges not only crossed traditional disciplinary boundaries by bringing together a diverse
academic group, but also ontological and epistemological boundaries by inviting representatives of
the local First Nations community to participate, as well as people from a range of academic, social
and international backgrounds. This finding has been taken forward by the authors in further
research that is seeking to understand how First Nations peoples engage with the co-design process
in contrast to traditional knowledge forming processes.

Finally, perhaps the most important outcome from this research is the exploration of the impact of
the design of the co-design process. While the co-design process is often cited as being of value
(Davis 2018), the specific exploration and unpacking of where this value is generated in these
processes can help plan more impactful co-design processes and experiences.
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