SUMMARY

This paper is a continuation of our work on heat management in a kollegium, and is built on the findings and theories that were discussed
within our paper, What is mine is yours: Exploring sharing as conceptual framing for community-based heat management. While studying
the current state of sustainable HCI we found that a major part of research in the field had taken data-driven, individualistic approaches to
design research, leaving out any cultural and social aspects that we know play a large role in adoption of sustainable solutions and
behaviours. Even within community-oriented design, we found a lack of community research resulting in systems that were not able to
engage their target user groups. Motivated by our collaboration with NeoGrid Technologies, an Aalborg-based cleantech company, we sat
out to investigate how me might design community-oriented heat management solutions, and inspired by Elinor Ostrom’s studies on what is
known as ‘Commons’; resources that are commonly available to a community and must be managed by them in order to prevent overuse, we
designed a case study to research the values and practice within a local kollegium called The 4th of May Kollegium. The case study began in
December 2020, where we through interviews with four alumni gained our first insights about the kollegium structure and community; how
the levels of the kollegium work independently of each other, creating sub-communities within the kollegium, how sharing was, perhaps
unsurprisingly, found to be an integral part of life at the kollegium, and how alumni reacted with mixed attitudes towards a scenario of
sharing heat as a Common Pool Resource. Since the initial interviews, we have concluded our case study of several activities with alumni; a
guided tour to get “a feel” of the kollegium and it’s culture, a workshop to discuss heat, how we sense it and when we feel comfortable, a
focus group introducing our technology probe, designed with ambitions to spark reflections on heat as a limited resource, and finally our
closing interviews with four alumni. Our single-case study of the kollegium has resulted in interesting findings, and as discussed during the
paper, we find several findings on practice and values to align with the principles behind Ostrom’s theory on governing the commons. We
find the alumni of the kollegium to value personal freedom to a high degree, while also respecting the community and each other; making
the need for explicit rules almost non-existing. Alumni value the comfort of others, perhaps even more than their own, they treat each other
with respect, and in the case of a broken rule, informal procedures are in place to deal with that. New procedures and initiatives that might
affect the lives of alumni are addressed in a democratic fashion during common meetings. We also conclude, that in order to implement a
commons-based system within the kollegium, the design process must follow the exact same values of democracy that are to be found
within existing commons-communities and the 4th of May Kollegium; translated into design-language as a participatory design in which
alumni are not seen as subjects, but cooperating partners and co-designers.
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ABSTRACT

This paper presents a case study as a means of painting a rich pic-
ture of community values, norms and management of heat and
other commons within a kollegium in Aalborg. As a reaction to
HClI research taking a turn towards community-based design, while
still not adequately analysing and taking into account community
values and practice, this study demonstrates how an in-depth anal-
ysis of a community can yield meaningful insights to inform the
process of designing engaging systems for collective action. The
study acknowledges heat as a commons managed within the com-
munity, and analyses through a grounded theory approach the
culture, practice, and values that exist in the context around man-
agement. Data was gathered through mixed qualitative methods
from ethnography and design research, with Ostrom’s established
principles on how communities successfully govern commons as
theoretical background. The case study discusses how findings on
fundamental principles within the kollegium like democratic de-
cision making and trust aligns with Ostrom’s principles, and how
these should be seen as cornerstones in a future design process,
suggesting participatory design methodologies to achieve engage-
ment and participation from the participants which we conclude
to be crucial in the design and realisation of a Common Pool Re-
source management system as well as within the unique community
identified within the kollegium.
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1 INTRODUCTION

This study investigates social and collaborative practice within a
co-living community through a case study as a means to inform
future community-oriented design work within management of the
commons. The case study revolves around a local kollegium; a co-
housing solution for students, where facilities, common areas and
dinners, among others, are shared. In collaboration with NeoGrid
Technologies, a cleantech company that makes smart heat manage-
ment solutions leveraging IoT devices, the research presented in
this paper sets out to investigate how heat management systems
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for residents of a shared household can be designed in meaningful
and engaging ways.

As smart meters and IoT systems are becoming more accessible,
numerous attempts have been made to investigate how an informa-
tion system might provide individuals with the right information
for them to make rational decisions about their consumption of
resources such as energy and heat. The theoretical background be-
hind these efforts to engage consumers are typically rooted within
“The Design of Eco-Feedback Technology” [7]. Here, Froehlich
calls the HCI community to action to aid in shaping the future of
eco-feedback systems, arguing that eco-feedback is a ripe area for
research as it will require exploring concepts such as information
visualisation and novel interfaces; areas in which HCI research ex-
cels. Froehlich’s paper optimistically points towards how "millions
of households will be able to view their home resource consumption
data on their mobile phones and web browsers", referencing the then
emerging systems, Microsoft Hohm and Google PowerMeter, two
smart meter applications that would eventually fail to gain ade-
quate market adoption and were both shut down a year later. The
fact that these two leading tech companies were both unsuccessful
in creating engaging eco-feedback systems should be an indication
that there is more to effective eco-feedback and resource manage-
ment systems than putting numbers and graphs on a user interface
and expecting users to understand and adjust their behaviour ac-
cordingly.

Responding to the lack of long-term engagement within tra-
ditional attempts to design eco-feedback systems, we find exam-
ples of HCI design research that implement seemingly community-
oriented features, such as competition and historical and neighbor-
hood data comparisons [1]. Though intended to cater to community
members, we find this research to lack in gaining adequate insight
into the community culture for which they design. According to
Strengers, in order for eco-feedback systems to have an impact on
the user’s behaviour, the systems will have to integrate into the
cultural, personal and social contexts of the user’s everyday life
[25]. We believe that to do so, efforts must be taken early in the
design process to paint a rich picture of the community in question.
Thus, as presented in this paper, we have undertaken a qualitative
inquiry in the form of a case study into a community of students
co-living in a kollegium, in order to identify mechanisms and values
within the community to inform a meaningful design process.



2 RELATED WORK

Within HCI research, many efforts have been made to design sys-
tems that accommodate global goals of reducing the carbon foot-
print of households to meet sustainability goals. As electricity
production generates the second largest share of CO2 emissions
globally[24], much research revolves around reducing household
electricity consumption through eco-feedback systems that aim to
persuade users to lower their usage[12, 17, 18, 20]. Cited over 800
times, Froehlich’s 2010 paper on The Design of Eco-feedback [7] has
informed countless SHCI projects within the design of eco-feedback
systems aiming to equip consumers with sufficient data to make
rational, informed decisions[12, 13]. As time has passed, and smart
meter based eco-feedback systems have lived out their novelty ef-
fect, research suggests that data-centered eco-feedback oftentimes
fail to engage their users in sustainable practises over time and
ultimately becomes backgrounded devices within the household
[25]. Researchers have eg. investigated the role that smart meters
and thermostats play in users’ homes and the effect that they have
on their lives. Yang & Newman (2012)studied early adopters of the
Google Nest through interviews to investigate how smart technol-
ogy impacted the user experience of saving energy and controlling
temperature in the home[26, 27]. Their studies found that users
generally were confused with how and what the intelligent ther-
mostat learned about them and whether they were actually saving
energy by using it. This is a potential limitation that comes with
smart thermostats - when users do not understand what is happen-
ing “under the hood”, they will not be made aware of their own
behaviours and therefore cannot take actions to modify them in a
rational and sustainable way.

2.0.1 Adaptive thermal comfort. Other HCI researchers have looked
at the personal and contextual experience of thermal comfort and
other ways to achieve it, looking beyond the set-and-forget nature
of automated heat management systems. The adaptive approach
acknowledges that people will take active steps to secure thermal
comfort and are not just passive recipients of their thermal envi-
ronment. Clear et al. investigated HCI’s role in adaptive thermal
comfort with a climate control probe that provoked and challenged
participants in the ways they could achieve thermal comfort [4].
Similarly, Huang and colleagues looked at adaptive thermal com-
fort, however with a system that takes a comfort-aware approach.
Through their work they find, among other things, how some indi-
viduals value the comfort of others, such as family members, higher
than their own [10].

2.0.2 Community-oriented design. Motivated to research smart
technology in what was considered ’alternative forms of housing’,
Denefleh et al. (2019) conducted a study within a community of
four co-living students in Germany. The group was provided with a
"Sensorstation” consisting of two screens and four IoT devices that
could be programmed with custom notifications when inputs met
certain conditions. After Sensorstation’s deployment, researchers
concluded that "there is an obligation for design to consider, how
smart technology for shared places entrenches, extends, or equalizes
power"[5].

Dillahunt et al. (2014) deployed a community-focused, energy
feedback application to 15 rental households across two distinct

communities in attempts to disclose which group dynamics impact
the level of responsiveness to social engagement techniques that
encourage energy conservation. Based on their study findings, they
speculated that more connected communities might be more likely
to engage in social-energy applications[6].

Another approach to lowering carbon emissions is afforded by
green energy production, which typically depends on wind or sun
opposed to “classic” combustion of fossil fuels to generate elec-
tricity. Shifting heavy electricity usage towards “peak hour” green
production periods can therefore minimize a household’s depen-
dence on fossil fuels. Scuri et. al. developed and tested a energy
trading platform within a neighborhood of prosumers[23]. Findings
from the study lead the article to call for more work exploring the
effectiveness of different design strategies - namely social pressure,
norm activation, and group contingency - in improving user’s en-
gagement and accessibility of the system to all family members.
The challenges of engaging all household members and keeping up
people’s engagement echoes from critical assessments of the status
quo of eco-feedback systems[3].

3 COMMONS

The commons are shared resources, cultural and natural, that are
accessible to all members of a given community. The nature of
commons as held in common, characteristically involves a variety
of social practices constructed on both formal and informal norms
and values in order to better govern the commons. Today, some
argue that many modern conveniences can be seen as commons,
from roads and infrastructure, to the heat, water and energy that we
all share as a community. Theories surrounding the commons have
existed for many years, the term being popularised in the 1960’s
in a famously pessimistic essay on exploitation and the fate of the
common land. In 1990, Elinor Ostrom published a book containing
her years of research on the matter of the commons [19]. In her
book, Governing the Commons, Elinor challenges the pessimistic
outlook that was prevalent in some popular theories of political
economy, had on collective action for the greater good during the
1960’s. In The Logic of Collective Action, Mancur Olson claims that
self-interested individuals will not act to achieve group interests
so long as they are able to obtain the benefits of the collective
good. Similarly, Thomas Hardin in his Tragedy of the Commons
[9], imagined a common pool resource (CPR) that was exploited
as the individual sought to maximize their gains regardless of the
collective good. While Ostrom did not deny that the tragedy was
real, she sought to study why management of these resources failed
and what made other communities successful in their governing.
Through many years she performed case studies that investigated
how communities from different cultures around the world gov-
erned their common pool resources, Ostrom was able to identify
eight guidelines that she found to be present in the successfully
governed commons. The guidelines are as follows:

1. Clearly de [ndd boundaries. The boundaries around who can
withdraw from the CPR must be defined. This principle for man-
aging a resource pool is essential as it details who is entitled to
what.

2. Congruence between appropriation and provision rules and local
conditions. Rules that restrict the withdrawal of resource units from



the CPR must fit the local circumstances. These might be rules about
when or how resources are withdrawn and in which quantities.

3. Collective-choice arrangements. Successful CPR institutions
often take a participatory approach to rule-making. The rules can
be revised as assets and knowledge becomes a part of the CPR.

4. Monitoring. Commons must be monitored in order to enforce
the rules. The monitors must be the appropriators or accountable
to the appropriators of the CPR.

5. Graduated sanctions. Punishing those who break the rules is
done by the appropriators themselves, and not external enforce-
ment. The sanctions are likely graduated based on the context and
severity of the offense.

6. Con [ici-resolution mechanisms. Mechanisms must be in place
to resolve and discuss conflicts as they arise and whether the situa-
tion constitutes an infraction.

7. Minimal recognition of rights to organize. When CPR appropri-
ators make their own rules, external officials must recognize them
as legitimate.

8. Nested enterprises. Larger CPRs are usually nested in layers of
enterprises, and work best when rules are organised and enforced
by different layers of government.

It is important to note that to Ostrom, these principles were still
speculative, however the principles were meant as a way to explain
the efforts that successful CPR institutions make in order to keep
appropriators committed to conforming to norms and rules, while
minimizing the incentive for individuals to act opportunistically. As
evident from the participatory nature of the principles, following
them requires a measure of involvement from the appropriators, as
well as properly established communication. Another point Ostrom
makes about limiting opportunistic behaviour and encouraging
cooperation is the importance of proper, shared norms within the
community. In her book, Ostrom states;

“In a setting in which few individuals share norms about the im-
propriety of breaking promises, refusing to do one’s share, shirking,
or taking other opportunistic actions, each appropriator must expect
all other appropriators to act opportunistically whenever they have
the chance”

Not having shared norms about cooperation can make long
term commitments difficult, which may result in more extensive
monitoring and sanctioning being needed in the community. These
are some of the fundamentals needed in order to effectively govern
commons and ensure cooperation from community members.

As Ostrom’s theory explains how communities might success-
fully govern their shared resources and we are studying heat man-
agement in a community, we recognise heat as a resource belonging
to and accessible to all members of the community, which is not
owned by individuals but held in common, thereby classifying heat
as a commons. We believe that with the emphasis on collabora-
tion, social values and democracy, Ostrom’s principles and their
community-driven nature can prove valuable within the process of
designing commons related systems, with regards to both inform-
ing which design considerations to prioritize in such a process as
well as during study design planning.

4 CASE STUDY

Motivated by our objective since fall 2020; to investigate heat man-
agement as a social and collaborative practice within a co-living
community, we sat out to conduct a case study of a local kollegium.
To gain insight into how heat management for communities might
be designed, we found it crucial to first and foremost study what
makes a community; which values and beliefs should drive a design
process. The following sections describe our chosen case, our data
gathering activities, and analysis.

4.1 Case

Building upon our initial interviews in 2020, we set out to further
investigate community-based heat management by carrying out
an embedded, single-case study of the kollegium. The case study
was explorative in attempting to understand a, within HCI, novel
situation; co-living communities, with the ambition to inform new
design; community-based heat management [28]. We carried out
the embedded case study with two units of analysis; the community
and heat management, as we consider an understanding of the lived
experience of being part of a community and the values it is built
upon are essential in understanding and informing the process of
designing engaging and meaningful heat management solutions.
We perceive the setting of a kollegium to be an interesting case in
which to explore heat management in a non-traditional household.
We believe that gaining insight into the culture of co-living indi-
viduals and the community they contribute to and experience to be
valuable, not only in regards to designing for kollegiums, but also
modern co-living household constellations.

Our studied case is the 4th of May Kollegium in Aalborg (4MK),
a kollegium housing 47 students residing in rooms over three floors.
The alumni of 4MK have something quite special in common; to
get priority for a room at the kollegium, potential alumni must
prove descent from a member of the danish resistance movement
of World War 2. Our activities with the kollegium are summed up
in figure 1 and further elaborated in the next section.
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Figure 1: Timeline of case study activities

Since the study had an objective of investigating heat manage-
ment, some assumptions were made before beginning the study.
First of all, we expected kollegiums to practise some kind of unique
community that we could learn from. Secondly, we found theory
on the commons inspiring for community-based design, which



also guided the case study and provided a theoretical framework
through which we could discuss our ndings. While ethnographic
studies excels at describing communities, the primary di erence
between ethnography and case-study research lies in the use of
theory [2]. While ethnographic studies are completely exploratory,

Through interviews and focus groups, we gained insight into
the resources that the alumni share and how they do so. From
the eld of ethnography;"the art and science of describing a human
group itsinstitutions, interpersonal behaviors, material productions,
and beliefsT2], we borrowed methods to paint a rich picture of

case-study research is often based on hypotheses or propositions the culture within 4MK. Early in the process, we performed an

to guide the questions being asked[28].

4.1.1 NeoGrid Technologigte chosen subject matter of heat
management is motivated by our cooperation with NeoGrid Tech-

nologies, an Aalborg-based cleantech company that makes smart

heat management solutions. Their system is an online application
called PreHeat, which is currently aimed at providing building ad-
ministrators with control and information on heating and its cost.
Their aim, however, is to provide better information for residents
with their smart technology as well, which motivated this research
of understanding how communities might hold certain values and
beliefs to account for when designing engaging heat management
systems. During the case study, NeoGrid installed sensors on the
radiators in each of the kollegium's three common kitchens on each
oor. The sensor data was later used with the technology probe
introduced in the following section. The data was used during the
nal interviews as well, condensing heat usage within the ground
and middle oor kitchens in a graphic to engage discussion.

4.2 Study design

Our case study served as a design research with the ambition of
gaining insight into the structure and values of the 4AMK commu-
nity and their current management practises of shared facilities,
resources, and spaces. Our underlying assumption prior to the study
was that commons-based solutions might t as an approach to de-
signing community-based heat management systems, which would
be evaluated on based on ndings from the kollegium. An overview
of the activities are presented in table 1.

Activity  Agenda
Interviews Insights on structure, administration, and

(2020) rules. 4 participants.

Guided Get a rst-hand sense of the kollegium's lay-
tour out, facilities and "vibe" guided by an alumnus
Workshop Understand alumni's understanding of and

relationship to heat and thermal comfort with
13 participants
Technology Present heat as a CPR, probe alumni on

probing ground and middle oor to re ect upon heat
management

Focus Introduction to probe and discussion of man-

group aging heat as a common pool resource with 6
participants

Interviews Heat management opportunities within the

kollegium and thoughts towards heat as a CPR
with 4 participants

Table 1: Overview of case study activities with 4MK alumni

observation of the kollegium guided by an alumnus, while we
later deployed a technology probe, to inspire re ections on new
technology. Within Sanders' Research Design Landsc&g pur
research is situated mainly as research-led with an expert mindset,
studying the alumni of 4MK as subjects, while some data gathering
activities, such as technology probing, generative tools and applied
ethnography, has taken a more design-led and participatory form.

Figure 2: Our study was compiled of activities from mainly
the research-led, expert mindset quadrant within Sanders'
Design Research Landscape. Figure is extracted (edited to
t) from "An Evolving Map of Design Practice and Design
Research" (2008)

4.2.1 Guided touin order to better be able to understand and
capture the 4MK context in which alumni interact, we started out
the case study with a guided tour at the kollegium, inspired by
the emphasis on observation from ethnographic methodology as
a means to better understand social dynamic§[ The tour was
guided by a volunteer alumnus who showed us around while telling
us about the di erent common spaces' facilities and how they
were used. The tour was documented with photos and a debrie ng
session was carried out immediately after and documented in eld
notes. As thiswas our rstvisitit would serve as away for usto geta
sense of the kollegium's layout and facilities, and, most importantly
insights into the culture that might escape awareness when talking
to the alumni, or things that alumni might be unwilling to discuss
in an interview.
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