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We report on a research through design study of how our everyday objects, augmented with technologies,
could contribute to disseminating people’s lifestyle values in public. We developed Jarvis, a hybrid object
combining a glass jar with a location-tracking system. The Jarvis endeavors to make lifestyle values visible,
while sometimes hiding its values across different places. As a design research artifact, the Jarvis seeks to spark
meaningful interactions as zero-waste practitioners carry it around in their daily routines in public. The data
visualized through the Jarvis demonstrate how users’ values are spread out locally. 18 zero-waste followers
participated in a week-long deployment with a design probe followed by post-deployment interviews. Our
findings highlight the role of different agencies in circulating values represented by the Jarvis. We discuss
our methodological insights on hybrid objects, and how the circulation of values may inform us about the
alternative roles of technologies in speaking for our lifestyle values.
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1

INTRODUCTION

CSCW and HCI have long examined the relationships between values and technologies. In particular,
research has sought to identify and observe existing values in technologies [18, 21, 66]. In concert
with this agenda is a growing interest in ways to make these values more explicit through, for
example, design methods (e.g., value cards[20], probes and scenarios[10, 47, 48], sketching [79]),
theoretical frameworks (e.g., value sensitive design[21], the value dimensions framework [66]), and
design practices (e.g., value levers [63]). In these studies, researchers have been able to understand
the values of individuals to be incorporated into technologies at a greater depth. However, these
explorations into values, while fruitful for uncovering diverse potential values, often focus on those
who apparently hold a monopoly on values, humans. What is lacking in these discussions are the
objects intertwined with these values.
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Fig. 1. Jarvis: A technological artifact for zero-waste practitioners to circulate their zero-waste living values
and practices in public. The bottom part consist of GPS and LED sensors that track and visualize the location
and times one travels with Jarvis. Jarvis serves as a “location” of values and presents how objects’ values may
or may not fade away in different locations. The data visualized through Jarvis implies how users’ values are
spread out locally.

In fact, objects are a medium that reveals our values. Objects that people use on a daily basis
implicitly speak not only of our individual habits and patterns, but also the values we hold in our
lives. Consider, if someone is frequently seen carrying around beeswax wraps covered their foods,
we may discern that they care about the environment. In this example, the beeswax wrap is a
medium to represent values, and its mobility and public visibility allows its values to be “circulated”
to multiple locations. As design researchers, we ask how might technologies represent values more
explicitly (or deliberately) and disseminate our lifestyle values?
To answer this, we build upon the “porous boundary” concept by Cheon and Su [11]. This is
an ”analytic lens to understand how artifacts, coupled with their values, are preserved or resisted
through the boundaries of a place” [11, p.14]. For example, drawing from their fieldwork, they
illustrated how the reusable food containers minimalists valued were often rejected by grocery
staff; therefore minimalists were unable to keep the values inscribed in an object outside the home.
In this sense, the “porous boundary” of the home prevented the values from leaving with the object.
In other cases, minimalists were successful in passing down objects to others, with their values in
tact; the porous boundary of the home allowed the object to pass through with their values intact.
Porous boundaries suggests that we think about ways technologies can preserve and spread the
values of individuals intertwined with objects beyond the home (or any other location).
In this paper, we research how we might design technologies to explicitly represent values of
an object and also to share such values more widely—beyond one’s home to, for example, one’s
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surrounding communities. One way to preserve and make explicit values inscribed in objects across
the boundaries of places, we thought, is to create conversations about the objects in question. This
idea is partially inspired by the famous Juicy Salif fruit squeezer designed by Philippe Starck and
featured on the cover of Don Norman’s Emotional Design [49]. Despite its failure to make juice,
Juicy Salif’s notability lies in its ability to spark conversations to reveal its owners’ values. Norman
explained that there is “one important component: the reflective joy of explanation. The juicer
tells a story. Anyone who owns it has to show it off, to explain it, perhaps to demonstrate it.” [49,
p.114]. Here, the fruit squeezer plays can play its usual role to squeeze juice, but it also is “a point
of surprise and conversation by the associates of its owner” and provides “another chance [for the
owner] to espouse its values and have them validated” [49, p.113]
Informed by the design opportunities suggested by the porouos boundary concept and Strack’s
design case, we deployed a research through design prototype called Jarvis in the context of the zerowaste lifestyle movement, a subset of the minimalist movement. Zero-waste is one of the emerging
lifestyles where individuals strive to opt for plastic-free, reusable ans sustainable alternatives for
their everyday objects [27]. While the focus of our study is not to promote zero-waste per say,
it offers a compelling case of a group concerned with issues germane to HCI and CSCW such as
sustainability [28],[22],[34] and civic engagement [1],[13]. In addition, because these concerns are
situated in the politics of local communities, our case study of zero-waste practitioners has potential
to inform how technologies might promote and extend connected sustainability practices [44]—a
focus toward connecting communities and promoting sustained positive change [54].
Jarvis augments a reusable jar with technology that visualizes its current and past locations as
well as the time spent in each location (see Figure 1). We designed Jarvis this way so that it could
serve two roles. First, by being tied with the lifestyle values of the zero-waste movement, Jarvis
can be smoothly incorporated into zero-waste practitioners’ everyday practices. We hoped our
zero-waste practitioners value Jarvis just as much as their traditional reusable glass jars. Second,
through tracking and location visualization, zero-waste practitioners can refer to Jarvis to converse
in public about their varied usages of their reusable jar at multiple locations. Taken together, Jarvis
is more than a blinking jar that draws others’ attention in public; it is designed around matters of
concern for zero-waste practitioners. Without this forethought, Jarvis might not generate personal
stories about zero-waste that are often tied to how and where one’s jar has been used – a key
tenet of zero-waste is the disciplined, sustainable re-use of objects in all spheres of one’s life. By
deploying Jarvis, we sought to research how a design could be an object entangled with one’s life
values and be both embraced in daily life and speak for one’s lifestyle.
This paper makes a three-fold contribution to CSCW and HCI scholarship: first, we present a
novel RtD artifact that illustrates the concept of porous boundaries. We manifest “conceptually
rich artefacts” [23] that embody the CSCW concept of porous boundaries [11]. Our aim was not
to evaluate the success the Jarvis in terms of supporting zero-waste practices but to explore how
the prototype was adopted as a device to speak for lifestyle values. Second, based on our design
and in-the-wild deployment, we formulate concepts and implications for designing technologies to
support porous boundaries. Throughout our field deployment, we found that users allowed the
Jarvis to have some agency to speak for their values. In terms of disseminating a person’s values
through an object, we found that users preferred objects not to lose their underlying functionality
to support their lifestyle. From this observation, we propose the notion of value circulation to
capture how both the values of objects and their movements contribute to disseminating values.
This notion also asks us to consider how “actively” technologies can play a role in speaking for
our lifestyle values in public. We also highlight the importance of agency in concretizing values in
objects, expanding on the porous boundary concept. Namely, if values are to be explicitly expressed
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in designed objects, we need to consider the agencies involved in interactions, and the mobility of
such agencies across places. Finally, we share insights on making values more visible in design.
2

RELATED WORK

In this section, we describe two areas of scholarship that intersect our study. First, we describe
research on how participants’ values were represented or amplified through digital artifacts. Second,
we describe research through design whose epistemological positions guided the motivation for
Jarvis.
2.1

The Entanglement of Our Values and Objects

How our values and objects are entangled has been investigated widely in social science and STS.
These scholars have focused on how people develop values and, over time, project them onto
objects (e.g., objects can be an extension of the self, how we are attached to objects) [16, 45], and
how objects and our social contexts are mutually shaped, which is well articulated in the theory
of socio-materiality [37, 53]. A related strand of CSCW and HCI work has examined people’s
cherished [2, 29, 33, 50, 73] and everyday objects [7, 59, 70, 74] to incorporate their sentimental
values into the design of interaction technologies. Another related strand of work has looked at
how people develop personal attachments to technologies over time and what design insights could
be applied to manage digital possessions [26, 52, 55, 56].
With design being a key way to make “visible and material markers of values” [66, p.2019], HCI
design researchers have developed prototypes to explore people’s values in the context of their
daily lives. Some have leveraged household objects that held emotional value for participants when
developing their prototypes. For example, Mynatt et al. [46] and Rowan & Mynatt [59] augmented
a family picture frame with a digital display that visualized the daily status of family members.
This Digital Family Portrait prototype was intended to offer family members peace of mind by
displaying an older adult’s current level of activities and a history of their past records. Similarly,
Brereton et al. [7] employed objects that participants valued for their favorite routine activities.
They found that the tea kettle was an object participants enjoyed using as part of their social routine.
The researchers developed a kettle-shaped remote communication prototype to make it easy for
participants to understand the concept of remote communication. The prototype, Kettle Mate [7],
sat next to the participant’s own kettle, augmenting its functionality while still maintaining its
primary use to boil water. Kettle Mate indicates the local and remote use of kettles through lights
of various colors (e.g., an orange light indicates a remote kettle being switched on). This design
allowed participants and others to be remotely aware of the practices around boiling water with
Kettle Mate in real time. Similar to these studies, we also leveraged a valued object—a glass jar that
participants used for their daily practices—while preserving its functionality.
Some researchers have focused on seeking alternative roles for technologies in terms of linking
values with their prototypes. For example, Brown et al. [8] and Sellen et al. [61] explored how
emotive values could be created and reinforced through location-tracking prototypes, with an aim
to go beyond the typical usage of these devices to support coordination and communication of
locations and activities. The researchers’ Whereabouts Clock [8] was placed in homes and showed
the real time locations of family members. By providing users with routine information that they
already knew, the prototype created a sense of reassurance and established connections between
family members.
People often express their identities through certain objects, such as coffee mugs, that they
frequently use. This self-expressive aspect of everyday objects has been taken into account by some
researchers when designing prototypes. Mugshots developed by Kao and Schmandt [31] examined
how such daily objects could be communication tools for self-expression and social interaction with
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others. Their prototype, a coffee mug with a wireless OLED, allowed participants to display valued
pictures (e.g., the image of their dogs) on the exterior of the mug in public areas of their office,
with the intention to trigger conversations with others in the area. With the device “seeding a
conversation topic through the display” [31, p.58], researchers sought to facilitate social interactions
at the workplace. In interviews, participants were asked to try out the prototype as if they brought
it to a shared area, like where the coffee machine was, of their workplace. Researchers found that
displaying participants’ personal pictures on their prototype facilitated social interactions at the
workplace.
As we have just shown, prior studies utilized mundane objects [12, 43], such as picture frames and
coffee mugs, due to certain values (e.g., sentimentality, joy) associated with them. By using these
objects, researchers hoped to smoothly incorporate their prototypes into people’s routines. However,
these prototypes were placed in a single location, mainly at the participants’ homes. For example,
via the Whereabouts Clock, an artfact placed in the home, people shared their presence or a part of
their daily routines at home with those closest to them (e.g. family members). Furthermore, the
values that the researchers intended to achieve through the prototypes were mostly fostering social
values such as intimacy among the remote families or colleagues, and less relevant to individual
lifestyle values (e.g., values of life principles and practices). We see opportunities to extend these
studies by, for example, examining how prototypes based on mundane objects would be conceived
in public by people or how they could function to promote lifestyle values that have so far been
rarely examined.
2.2

Research through Design

Research through design is a well-established approach in HCI that formulates “design practice
as design research”[17, 23, 80, 81] that generates new knowledge. Drawing from this approach,
our computational artifact, Jarvis, intends to the explore potential roles of technologies, raising
questions like the following: How can technologies reveal users’ lifestyle practices and disseminate
their values? The Jarvis functioned as a design research artifact to answer these questions of our
study, rather than as a product that was to be evaluated on its usefulness to participants [51]. Just
as Strong and Gaver’s experimental designs [67] hold open the possibility that how CSCW systems
could be different from the pervasive characters of CSCW systems at the time (1996) by supporting
implicit, personal, expressive communication, we hope that our Jarvis, a device to disseminate life
values by sparking conversations, could be “powerful complement” [67] to the current technologies.
Distinguished from prototypes or products that mainly focus on the usability or functionality
of design, Jarvis is closely aligned with technology probes [30]. A technology probe collects data
about our real-world uses of technology, does field testing of the technology, and inspires future
technologies. These attributes distinguish the Jarvis from a prototype or a product. In our study,
the Jarvis worked as a technology probe: we deployed the Jarvis to conduct a field study with
zero-waste practitioners and collect data from their experiences of interacting with others with
regard to the Jarvis. We also aimed to gain insight by asking participants to use a mundane object
(a glass jar) in an atypical manner, as a conversation piece.
In terms of generating new knowledge through design research artifacts, Pierce [58] explicated
three concepts: design articulation, verbal articulation, and concept-things. According to him, design
articulation articulates non-verbal knowledge through the form of design artifacts while verbal
articulation articulates knowledge produced or constructed by a design artifact. Concept-things is the
hybrid of these two articulations–‘verbally articulated concepts and designly articulated material
things. Namely that “verbal communications and material design artifacts can be understood to
function as hybrids [...] co-articulating one another” (p.736). One example he gives is the Drift
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Table, whose idea of ludic design was verbally articulated in research publications on the Drift
Table while the Drift Table designly articulated ludic design.
Although Pierce proposed the concept of “concept-things” to explain the roles and functions
of research publications, we see our deployment of Jarvis related to concept-things in a way that
verbal communications and a design artifact itself let them make sense of each other. In our study,
participants, rather than researchers, were elicited to talk about the Jarvis and its uses to others
(verbal articulation). Furthermore, the Jarvis as a form of material and design intervention (design
articulation) was meant to draw the attention of people in public spaces. By allowing conversations
about the Jarvis (verbal articulation) and the Jarvis design itself (design articulation) to complement
each other in our study, we can expand our understanding of how lifestyle values could be shared
through technological artifacts.
3
3.1

STUDY APPROACH
Background

This project is inspired by the porous boundary concept [11]. Porous boundary arose based on an
ethnography of minimalists; it is defined as a boundary that lies between two separate physical
places where distinct practices, norms, and values exist. Its “porosity” highlights the dynamics
of how the values of objects are preserved or resisted through the boundaries of a place. For
example, Cheon and Su described a porous boundary between a minimalist’s home and the outside.
Minimalists often negotiate and compromise on objects’ values when those objects are brought
in- or outside the home. These movements of objects passing through a boundary under constant
negotiations finally produce the porosity of the boundary.
The porous boundary concept is a useful lens for us because of its focus on how values move with
objects, in various states of preservation and transformation, across boundaries to various places.
More precisely, we are intrigued by how objects’ values may or may not fade away in different
locations. Cheon and Su [11] suggested several possible design directions with porous boundary:
“users may want to advocate the “right” values [to them] of objects . . . we may ask how the values of an
entire home can be made mobile and apparent to others. This motivated us to design with values that
can be “mobile and apparent to others.” We focus on two aspects inspired by porous boundaries:
the objects disseminating one’s values and the places where these objects are circulated.
We adopt research through design (RtD) because we wanted to see what different design insights
could be generated by exploring a design embodying the porous boundary concept. Furthermore,
we implemented this concept in a concrete context by centering on zero-waste practices in public.
As an exploratory research tool, we developed a prototype, Jarvis, to examine two lines of inquiry
we raised from the porous boundary concept. First, we were interested in looking at how objects
entangled with values could disseminate their values to others and the public. How might their
values be preserved or resisted in places? Second, we were curious about the alternative roles that
everyday life objects could take. More specifically, how could mundane objects be used to represent
their owners’ lifestyle and be shared with others? How could technologies be incorporated into
these mundane objects like the Jarvis to achieve this representation?
Our study looks at zero-waste practices for practical reasons. As a lifestyle that has emerged
in the recent years, zero-waste living has been increasingly promoted in the public sphere, for
example through local community workshops. Following this trend, we thought that designing our
prototype to disseminate this idea in the public would be feasible. Most importantly, zero-waste is
typically identified through objects (e.g., recyclables) and the practices connected to them (e.g., the
reuse of said recycled items). Moreover, zero-waste practices are not limited to a certain place, but
can easily be integrated into any part of a person’s daily routine if they so intend. In other words,
Proc. ACM Hum.-Comput. Interact., Vol. 5, No. CSCW1, Article 105. Publication date: April 2021.

Jarvis in Motion: A Research Artifact for Circulating Lifestyle Values in Public

105:7

the zero-waste lifestyle offered a highly appropriate context for us to examine everyday life objects
and their movements across places.
In what follows, we describe the trajectory of this study from our fieldwork of zero-waste
communities to the development of the Jarvis and field deployment with zero-waste practitioners.
3.1.1 Initial Fieldwork. We began by engaging with zero-waste communities in the US (two on
the West Coast, and one in the Midwest). Our motivation for this initial fieldwork was to explore
potential design forms for our prototype (e.g., what objects are associate with their zero-waste
practices) and to scope out potential participants for our prototype deployment. We attended three
local zero-waste workshops mainly to examine how practitioners pitch the idea of a zero-waste
lifestyle and practices to the public. These workshops were open to anyone. In two of them active
zero-waste practitioners gave talks about their personal journey to the lifestyle and showed some
objects that they had used for zero-waste practices (e.g., their own jars and portable utensils). These
presentations were followed by questions from and discussions with the members of the public.
All speakers were active in arranging local meetings and events related to zero-wastes, and were
running blogs about their life practices. Meanwhile, the third workshop was a planning meeting
for organizing a public zero-waste event. By attending the workshops we were able to connect
with some zero-waste practitioners and later invited them to become participants in our study. In
the later sections, we will detail how these initial engagement fed into our design considerations.
3.2

Designing the Jarvis

Jarvis is a hybrid object [25, 76]. By “hybrid” we mean a mix of everyday objects (a glass jar) and
computational components (circuit boards and microcontrollers). The Jarvis has two design goals :
1) to augment a meaningful object tied with the lifestyle values of the zero-waste movement and
2) to disseminate the zero-waste lifestyle values in public. Its hybrid form allowed the Jarvis to
have the potential to be circulated over one’s routine places (e.g., grocery stores) and also to trace
and record these movements of values. The Jarvis attempts to reify the notion of objects being
entangled with their values as it moves across porous boundaries and to disseminate zero-waste
values.
In terms of disseminating values, we follow environmental communication scholars, who emphasize that simply talking about environmental agendas, not necessarily with the intention to
convince others, is the most important thing we can do to protect our climate [32]. Starting conversations about the Jarvis and thereby speaking of zero-waste practices could be one indicator
of disseminating the values of the zero-waste lifestyle. The Jarvis thus aims to serve not only as
a conversation piece but also as a visual data reference for specific uses of the Jarvis in daily life,
allowing the Jarvis’s owner and others to naturally speak about zero-waste and its practices, such
as the reuse of jars in multiple purposes and locations.
Next, we discuss our design process with the Jarvis in more detail, including a reflection on how
our own values affected the design of Jarvis.
3.2.1 Exploring Everyday Objects. Everyday objects implicitly represent people’s lifestyle and
practices and are coupled with their lifestyle values. To make our prototype an item embedded
with zero-waste lifestyle values, we wanted to use an everyday object and maintain its existing
usages and affordances. This way, people would be able to smoothly adapt to and adjust for our
prototype within their daily life. While exploring many possible everyday objects of zero-waste
practitioners from cloth bags to various forms of containers, we considered whether the object
could be easily combined with technological components yet remain true to their current form.
Through our initial engagement with zero-waste practice workshops and meetings, we found that a
glass jar was a core item serving multiple purposes (e.g., storage for grocery foods, reusable coffee
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cups) for zero-waste practices. The portability of a glass jar also met our requirements in terms of
thinking about value dissemination, as it is something people can carry around and use throughout
the day. Most importantly, we found that many zero-waste practitioners we met were excited to
show their jars and how they use them. Interestingly, they considered a glass jar something that
makes their practices aesthetic and joyful. The portability of a glass jar also met our intent in terms
of practicality, as it is something people can carry around and use throughout the day. In terms
of coupling objects with values, we decided a glass jar would be the right medium for zero-waste
practitioners to express their values and lifestyles.
3.2.2 Tracking Places and Time the Jarvis Traveled. From our initial fieldwork in local zero-waste
workshops, we found that zero-waste practitioners often own a set of multi-purpose jars that were
used in multiple places. Given this, we reasoned that these locations would highlight a key value
of zero-waste practitioners, reuse in and outside the home. Thus, we designed the Jarvis with
location-tracking modules. The location and timestamp data from the modules provide information
about where and when participants carried the Jarvis around in certain places, and would also
indicate how the Jarvis was used. For example, if data showed that the Jarvis was brought to a
grocery store, we could assume that the participant used it when purchasing groceries from the
store’s bulk section. If the Jarvis recorded visits to many different places throughout the day, it
indicated that the Jarvis was more likely to be exposed to other people in public that day than on
days when the participant was staying in one place only.
3.2.3 Designing Noticeable Tracking for the Jarvis. Movements of the Jarvis are revealed through
each LED light attached to the Jarvis, and the travel history of the Jarvis is recorded through an LED
strip at the end of the day. Depending on where and how long the Jarvis stays at a certain place, the
LED lights’ colors and blinking patterns change. Whenever participants move to a different place,
the LED strip changes to a color based on the category of the place. We distinguished five categories
(home, work, groceries, social, and others) and assigned a different color for each category. For
example, a blue color indicated ‘home’ and green indicated ‘grocery’. The LED strip blinks and the
color fades in and out. More specifically, we programmed the cycle of the blinking duration relative
to the duration that the Jarvis stays in one place. For example, a stay of one hour resulted into 2
seconds of the cycle of blinking (Figure 2). Once the LED turns on, it remains lit until the midnight
of that day, so that the LED strip could aesthetically represent the Jarvis’s travel history, creating a
unique pattern for each day. The Jarvis was customized for each participant on the basis of the
places they go to regularly. We mapped an LED color to each location as well as a default “other”
color for unrecognized locations.
The blinking LED strip was also intended to make the Jarvis noticeable in public and draw
people’s attention. We hoped this would spark conversations where participants could not only
talk about their zero-waste practices, but also about the various places they had used their Jarvis,
as represented by their unique LED patterns. We also hoped that customizing the Jarvis for each
participant would encourage them to embrace it as an object reflecting their lifestyle.
3.2.4 Reflecting on the Design of the Jarvis. While the Jarvis allows participants to express different
values, we would be remiss in not reflecting on Jarvis as an expression of designers’ values [62].
The first author adopted a zero-waste lifestyle and is involved in the community; among many
zero-waste practices (e.g., purchasing foods without packaging, giving up disposable products,
composting), the first author learned to integrate a reusable jar into her daily life. The author
also gained an aesthetic appreciation of glass jars that inspired the design direction of the Jarvis.
Becoming sympathetic to the zero-waste movement, the first author explored ways to incorporate
technological artifacts naturally into zero-waste practices. Though social media has played a role in
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Fig. 2. Details of how LED strip could aesthetically represent the Jarvis’s travel history, creating a unique
pattern for each day: depending on where and how long the Jarvis stays at a certain place, the LED lights’
colors and blinking patterns change.

the zero-waste movement’s promotion, it does not meaningfully represent its practices. For similar
reasons, other possible forms for a prototype, such as key rings, banners, and wristbands, were not
selected. Zero-waste practitioners, we reasoned, would consider prototypes based on these forms
as clutter. Thus, in order to make our prototype an integral part of zero-waste practices, the first
author believed that its form and function should not disrupt but be aligned with people’s everyday
zero-waste practices and values. This led us to choose a reusable jar for our prototype.
Regarding the technical aspects of the design, specific design considerations were grounded
primarily in our initial fieldwork with zero-waste practitioners and considerations of technical
feasibility (as detailed in Sections 3.2.2 and 3.2.3). In addition, prior work suggesting design opportunities to make values intertwined with one’s cherished artifacts explicit [11] motivated us to
investigate the potential for introducing a physical, digital prototype (based on a reusable jar) into
the zero-waste community.
3.3

Implementation

The prototype comprises a glass mason jar with a plastic lid (as an everyday object) and a small
bottom casing that houses all its electronics as well as a sensor board (as a computational and
programmable object). We designed the bottom casing in a way that it could be easily attached
to and detached from the glass jar, so that participants could use our prototype just like a normal
jar (e.g., washing and reusing it for other purposes). The Jarvis’s casing was 3D printed with PLA
to make it light and for it to fit tightly around the jar in the smallest size possible. In this way we
tried to avoid burdening our participants when carrying the Jarvis around. We also chose tiny and
stackable boards to minimize the prototype size. All boards and sensors were placed inside the
bottom casing; a built-in CPU board with WiFi, a GPS module board with an antenna to log and
track movements, and an SD card reader to save all data regarding time, location and duration
of being at a certain place. Furthermore, a LED strip (12 LEDs) with a lithium-ion battery was
connected to the CPU board through simple wiring. The battery could be easily recharged through
the micro USB port on a board. All boards and sensors were assembled and stacked.
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Field Deployment of Jarvis

3.4.1 Recruitment and Participants. Twenty-one zero-waste practitioners were recruited by emailing attendees of local zero-waste workshops and putting up flyers in local cafés and groceries that
promote environmental practices (e.g., discount for bringing one’s own mug, having bulk item
sections). We also used snowball sampling. Our study participants are detailed in Table A.1. 18
participants (13 females, in the 19–74 age range) fully completed a week-long deployment and study
probe tasks (will be described in the next section). All participants reported practicing zero-waste
for at least one year. Three participants dropped out in the middle of the deployment for different
kinds of reasons, including traveling, charging issues, and mismatch with personal values (e.g., the
Jarvis was wasting energy resources). Further demographic details on participants can be found in
Appendix A.1.
3.4.2 Introducing the Jarvis. We had at least two meetings with each participant. During the first
meeting we introduced our study and Jarvis, and conducted an initial interview, where we asked
about their current zero-waste practices, the ways in which they shared their lifestyle and values
with others, current and anticipated future usages of glass jars in their daily life, and, lastly, typical
day routine. These initial interviews aimed to better understand participants’ daily life contexts
within which our Jarvis would be placed and used. We then programmed the prototype to make
it react based on the places that were part of our participants’ routines. During the first meeting,
we also introduced our design probe (Figure A.2) and asked participants to record their daily
experiences of interacting with others about the Jarvis.
Our design probe was intended to engage participants in interpreting and reflecting on their
experiences [24] living with our prototype, and to help participants document those in situ experiences and reflections during the deployment. We also intended to use the design probe during
exit interviews to encourage participants to discuss “critical incidents” [9] related to the Jarvis,
i.e. any major occurrences that arose and how they dealt with them. Our design probe sheets
consist of prompts asking what LED light pattern Jarvis had at the end of the day, requesting them
to describe to what kind of meaningful conversations they had about the Jarvis and where, and
instructing them to take pictures of where the Jarvis was placed. At the end of the first meeting,
each participant received our study kit, which consisted of the Jarvis, a charger for the Jarvis, and
the design probe sheets. Participants were encouraged to use the Jarvis in the same way they would
use any jar as part of their daily zero-waste practices.
In our exit interviews (Figure 3), we asked participants to walk us through all the design probe
sheets they had completed and pictures they had taken. Each semi-structured interview (38 in
a total) lasted 20–70 minutes. All exit interviews were audio-recorded and transcribed for later
analysis.Our participants were compensated $50 USD for their participation in this study.
3.5

Data Analysis

We analyzed our interview data and field notes, drawing upon reflexive thematic analysis [6].
We particularly followed Braun and Clarke’s “central meeting-based concept”[6]: mapping and
linking occurring themes to create a story about the data. We coded and developed reoccurring
themes, generating 227 codes. Our analytic focus also drew from the practice turn in CSCW that
foregrounds the role of materiality in artifacts on producing new practices [4, 35]. Some scholars
see this as a unique contribution that CSCW studies could make to practice theory [35]. Following
this practice turn, our analysis focuses on emerging practices with our prototype. For example, we
closely looked at the ways artifact can change practices that wouldn’t have happened without the
artifact. Our initial themes revolved around new practices engendered by our design prototypes,
instead of how existing practices were reproduced. With “practice” as the unit of data analysis, our
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Fig. 3. An Exit Interview

Fig. 4. The Jarvis in our Participants’ Daily Life: (from left to right) the Jarvis at a cafe, the Jarvis at the
workplace, the Jarvis in a yoga class, the Jarvis at a children’s party, and the Jarvis with a passerby kid (All
pictures were taken by our participants).

findings revolved around how Jarvis as a technological artifact entangled with values was embraced
or rejected in users’ daily lives, and what mechanisms we could formulate for new technologies to
circulate one’s life values.
After reviewing these initial themes and redefining our questions, we iteratively refined our
sub-themes around participants’ awareness of their roles with the Jarvis, their expectations on how
the Jarvis would work in public, and where conversations occurred. These themes form the genesis
of this paper’s findings.
4 LIVING WITH A JARVIS
Most of our participants embraced Jarvis as a valued object despite it’s hybrid form. Participants
used the Jarvis as if it were one of their everyday life objects and maintained it as a computational
artifact.
For example, participants replaced their coffee mugs, water bottles, containers for bulk groceries,
and snack cups with Jarvis. Rather than taking the Jarvis as something special, participants were
able to incorporate it into their daily routines (Figure 4). As one individual stated, “I just replaced
this with my water bottles for the week. Because I was like, I already have a cup and it’s like why
would I bring two water bottles, you know, especially when it looks cooler so.” (P14)
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At the same time, participants treated the Jarvis like a technology in terms of its maintenance. For
example, the Jarvis was plugged into a charging station with other technologies, such as cellphones
and Alexa at our participants’ homes. Participants were often concerned about its fragility. P17
told us that she took the glass jar out when she bought flour and coffee beans at a grocery with the
Jarvis, so that she could avoid getting the computational component dirty or wet. She said, “So I
didn’t know if it could get damaged so I didn’t want to damage it. Where a glass jar you can clean. I
didn’t know if I got anything on this, if it would cause it a problem.”(P17)
Participants needed to take “care” of Jarvis. P10 mentioned that it reminded her of a tamagotchi,
which was a technological toy in her childhood. Similarly, one participant gave the Jarvis the name
of robotic technologies in a movie, while she simultaneously saw it as a jar. She explained, “Have
you seen the Ironman movies? There’s like a robot kind of computer thing called Jarvis. So I named
this Jarvis, because it’s a jar...I was torn between calling it Jarvis and Robottle, because it’s like a
robot.”(P12)
In sum, we intended the Jarvis to be perceived as a technological artifact but without losing
the underlying functionality of the glass jar. We wanted a hybrid form that could fit well into
our participants’ daily life. We intended the Jarvis to represent a valued object crossing a porous
boundary. Yet, the Jarvis was to be differentiated from everyday objects; it preserved its values
associated with the zero-waste lifestyle. Despite an array of perceptions and practices around the
Jarvis, participants nevertheless embraced the Jarvis with at least their aim of practicing zero-waste.
5

CIRCULATING THE JARVIS

In this section, we first describe how the places where the Jarvis was circulated affected how the
participants presented the Jarvis. Then, we specify what kinds of conversations participants had
about the Jarvis, their reflections and the lasting effects of the conversations. Lastly, we present
the role the Jarvis played in sparking conversations with others, focusing on who (participants or
the Jarvis) has agency. What we mean by agency here is “the degree to which people, systems, or
materials determine their values” [64]. We found that Which agency took or passed on the works
of triggering a conversation over different places and situations.
5.1

Places for Circulating the Jarvis

The places where the Jarvis circulated influenced the possible ways participants chose to present
the Jarvis in public. Participants considered where the Jarvis could effectively spark a conversation
(e.g., a party, a family gathering). Depending on the place, participants had to adjust their role on
inviting other’s interest to start a conversation and how much they would rely on the Jarvis to do
it. For example, P2 traveled with the Jarvis, thinking that a party would be a good place to show it
off. Soon after, she decided not to present the Jarvis and instead silently placed it among food and
people during the event. She wanted to avoid spotlighting the Jarvis at the party:
We went to the Michigan...I took it out of the car, put it on the counter with all the
food in the kitchen...there was probably 50 people that walked by it. But, it was Emily’s
party so I didn’t make a big, you know, I wasn’t there to put it on show.(P2)
P12 also told us how particular places encouraged her to be more active in exposing the Jarvis to
others. When zero-waste sympathetic friends gathered, P12 explained, though she isn’t typically
“showy” with the Jarvis, this time “I put it out because there are friends who like that kind of conversation”. Our participants also considered where the Jarvis would be received favorably by others. P19
commented, “I used to work at a place where people refused to recycle...if I had taken this there, people
would’ve thought that it was silly.”
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Conversely, places where the Jarvis could lead to uncomfortable conversations were avoided. At
P8’s regular bulk item shop, he still felt that the Jarvis could be misinterpreted even though it was
not uncommon to use jars for groceries:
[What] I would be wary of is at [a local grocery store], they have a large area of bulk
areas that you can scoop and take, and ...I wouldn’t want to be accused of filling it and
not paying for something. Somebody could say, ‘Did you fill that in here, and do you
need to pay for that?’ (P8)
When the Jarvis was positioned in a place, it sometimes had to be adjusted to avoid social faux
pas; the LED lights could be seen as unnatural or distracting. Participants hid or covered the Jarvis.
They placed it on a coat rack at church (P12), in a cubby during a yoga class, or on the floor in an
auditorium (P9). Participants also simply turned the Jarvis to face another direction to let it “shine
it away” during a meeting (P8).
5.2

The Ins and Outs of the Interactions over Jarvis

5.2.1 Moving It forward into Practices. We have shown how the role of Jarvis depended on where
it was being circulated. We now describe what kinds of conversations our participants had about
the Jarvis. Conversations mostly ranged from what participants currently do for zero-waste to
practical guidelines on starting to a zero-waste lifestyle.
Group conversations sparked by Jarvis often led to brainstorming sessions. P19 described how
her choir talked about how they should all bring their own cups when coming to practice. She said,
I went into the house where the choir practice is and I put that [the Jarvis] down on the
counter. When they walked into the room they said “Oh, what is this?” And I explained
I was participating in a study and there was a lot of conversation and the result . . . of me
having that there, everybody decided that they would not use styrofoam cups anymore.
And that we would all bring our own cup for water or tea. (P19)
Such conversations encouraged people to do zero-waste together. P20 told us how one of the
people she talked to became eager to have regular meetings to continue these kinds of conversations.
P20 reported, “So she said, ‘Well, maybe we should start a club. The zero-waste club! So that we can
all share what we have done at home and learn from each others what else can be done.’ ”
5.2.2 Having a New Perspective. Our participants had serendipitous conversations with acquaintances and strangers when carrying the Jarvis as part of their daily routine. Serendipitous conversations about the Jarvis allowed our participants to deepen their own understandings of zero-waste.
For example, P17, an acupuncturist, had conversations with her patient that she never planned. She
told us that the conversations would not have happened if the patient had not noticed the Jarvis.
P17 described this unexpected moment although she did not want to burden them with talk about
the Jarvis. Soon after learning what the Jarvis was about, the patient shared his frustration about
zero-waste with P17:
They did talk about how they can’t be a part of the zero-waste movement because of
all their health concerns, and if you can only eat packaged food and you need it. So I
thought that was actually kind of interesting about how there’s certain people that can
never even try zero-waste.
P17 realized that zero-waste practices were not for everyone, nor always a matter of an individual’s
will. Similarly, P19 stated that a conversation she accidentally had with one woman led her to
redefine zero-waste, despite initially pushing back on she thought of zero-waste:
When I said zero-waste, she started talking about how she drove [a] gasoline powered
car . . . I realized at that point I don’t really know how you’re defining zero-waste, or
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how zero-waste is generally defined . . . I was thinking in terms of physical materials
we throw away. I wasn’t really thinking about gasoline, for example. So I realized on
Friday, in talking to her, that I didn’t realize how zero-waste was being defined.
Indeed, circulating the Jarvis provided our participants with plentiful chances to interact with
different people and engage in different discourses in public. P10 told us how the Jarvis connected
her with the younger, like-minded generation, and noted one person she talked to: “It’s heartening
to hear that people are interested in this [zero waste] and coming up with ways to solve these scenarios.
And she talked about her generation will have to do a lot of fixing.”
5.2.3 Zero-waste as a Community Practice. Circulating the Jarvis also enabled our participants
to think about zero-waste practices beyond the individual level. They realized how their local
communities and towns were divided in terms of their level of environmental awareness and
engagement. P18 exemplified this point when suggesting that we recruit people with little interest
in environmental issues for our study if we want to see geographical differences: “if you were to
take it [the Jarvis] anywhere outside of [area anonymized for review] property, there’s a far less, I
mean, we’re a very red state. There are people that actually propose that climate change isn’t even
a thing here...I think if you went outside of [area anonymized for review], you would have a very
much different idea.” P4 also reflected on her neighborhood after talking with a cashier at her local
grocery. The Jarvis reminded the cashier of how shoppers on the east side of town tended to bring
their own jars for their grocery shopping more frequently. P4 said, “She [the cashier] is like, “Yeah.
I see a lot people compared to what I’ve seen on the west side.” She said that there’s one lady that
will come in with bags of glass jars to fill it up with different things.” Agreeing with the cashier on
the socioeconomic differences in town, P4 said, “The east and downtown are pushing into more
eco-friendly” practices and we need to make zero-waste practices more community driven to make
these individual practices effective. Thus, for P4, the ideal would be that “the community as a whole“
takes zero-waste lifestyles seriously.
In circulating the Jarvis, participants sometimes had conversations with newcomers in town.
These conversations provided confirmation for our participants that the city’s infrastructure and
government efforts were crucial to making zero-waste a community practice. A Texan couple told
P20 that they were able to start recycling when they moved to this new state, and have integrated
it into their lifestyle. She reported,
She was talking about, they used to live in Texas and when they lived there, there
wasn’t any recycling bins, you know, given to a household. She realized, “Oh, the [State
anonymized] does implement . . . this recycling much better than the state of Texas.”
. . . Because she’s now living here for a few years now she has built a habit of whenever
she visited places she looks for recycling bins or especially in public spaces like a
museum or park or something. (P20)
Despite ongoing community-level efforts, participants did not necessarily see a bright future for
zero-waste, believing that governmental involvement would be needed to make zero-waste practice
popular. P2 revealed her frustration, recalling conversations about the Jarvis with her neighbors,
who did not take it seriously. She said, “They understood my concern, but that’s not saying they’re
embracing, embracing my concern. I mean when you have a president who says climate change isn’t
real. What things have to change?” Other participants had similar conversations on the geo-politics
of zero-waste practices.
5.3

Agency in Sparking Interactions: Human

In this section, we describe the degree to which our participants and the Jarvis took on roles to spark
conversations in the public. We left it up to our participants to decide how to use the Jarvis. This
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freedom led to differences among participants on how much they relied on the Jarvis when starting
a conversation with other people. Some participants initially were enthusiastic about talking to
people about the Jarvis. They approached others on their own initiative even if those people didn’t
show interest in their Jarvis. In this case, the Jarvis motivated participants to start conversations
because it was something tangible that could show people their values. For example, P11 expressed
this feeling, saying “I am on a mission.”
Alongside their own initiative, the unusual look of the glass jar giving off lights also led participants to feel that they should proactively approach people in public to talk about it. For example,
P11 was aware that the Jarvis could be misunderstood as something unique or even dangerous,
particularly when she was in a location where safety mattered, like a public swimming pool. The
unique look of the Jarvis gave her a good excuse to introduce the Jarvis even before people noticed
it. She commented,
If you take something like this to a business that’s very prominent and unusual and
sort of has qualities of a bomb, that you have to say, explain it. So I explained it [Jarvis]
to them [the lifeguards]. They were distracted, they were not into it at all
Although people noticed our participants carrying the Jarvis around, they often did not react to
or say anything about it. Instead, non-verbal reactions to the Jarvis were cues for our participants to
start a conversation. For example, P16 told us that she was motivated to speak first since she noted
that people were confused about the Jarvis sitting on the meeting table: “I mean I’m explaining to
them that they [the researchers] designed [it] like this because they were looking at it with ... kind of
question mark in their head. So I said, you know how some people go zero-wastes for very low ways,
they put their trash in a jar.” (P16)
When people showed little reaction to the Jarvis, participants directly approached individuals
and used the Jarvis as a conversation subject. Its tangible form allowed participants to demonstrate
things they talked about. For example, P20 told us she ended up waving the Jarvis and prodded a
grocery employee into talking about it. She said,
I’m already done shopping, “holding” this around and people stare and they just pass
me without any question. And finally before I left the store . . . I went to the produce
girls and I just show her like this, I prompted her, “Hey, look at this.” And then she,
“Oh yeah, what is this? I saw you carrying that thing in.” And then we started talking a
little bit. (P20)
Even without the Jarvis with them, it nevertheless acted as “a mental reminder” (P16) for
participants to start a conversation. P16 described the moment that she talked even without
displaying the Jarvis to people, saying “I know I talked to the nurse practitioner there about it. [It]
just reminded myself when I was inside. All of a sudden I remember, oh, I have the jar in the car and
then I started to talk to about it.”
5.4

Agency in Sparking Interactions: The Jarvis

Most of the time, participants facilitated the agency of Jarvis so that it could fulfill its role as a
conversation starter. Participants deliberately set up the Jarvis so that it could speak for them, for
example, waiting until someone initiated a conversation about Jarvis or placing the Jarvis on its
own in a public, visible spot. Once the Jarvis came into people’s sight, it led them to talk to our
participants. The LED lights of the Jarvis greatly contributed to drawing attention from others.
P14 described how the Jarvis resulted in a conversation with her customers at work, who found
its glowing lights very noticeable, saying that “The lights were definitely a conversation starter...a
customer who again, just ‘wow, you have a glowing cup, you know?’ It’s like, ‘Yes, I do. do you want to
know about it?’ And she was like, yes. And so then I told her.” Likewise, P9 told us that she had to
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demystify the lights of the Jarvis after a yoga class, after being surrounded by people who looked
inquisitive.
That was a lot of interaction. So, this was yoga, and people were very, very curious.
You know, I had it as my water bottle, which I always bring one in. And afterwards,
they came and we had quite a lot of discussion actually...of course they started with
the lights. It always starts with the lights. But we talked about their waste and we’re
talking about how can we avoid using all these single-use everything (P9).
The conversations sparked by people’s curiosity with the lights were often about reducing waste
with others.
In the hope of drawing other people’s attention, P19 found ways to make the Jarvis more visible
while she was on the move. Instead of placing the Jarvis in her cloth bag, she decided to use a plastic
bag, which is somewhat transparent. She said, “I carried this in a little clear plastic bag everywhere I
went so people could see it” (P19).
Because of its blinking LED lights, our participants found that people sometimes presumed that
the Jarvis was something else, such as a device for tracking the amount of water drunk (P12) or a
yogurt maker (P2). Nevertheless, such thoughts did led them to speak to our participants to confirm
their assumptions. Regarding this, P17 speculated, saying “because they saw it kind of blinking
and... they hadn’t seen anything like it. I thought it was funny”(P17). Similarly, some participants felt
amused that the Jarvis’ light could mislead people at first sight but nonetheless spark conversation.
P11 commented, “The jar lightened [the situation], I think it gave a little twist of humor.”
With the success of Jarvis in instigating conversations, over time, participants tended to leave
it to others to start a conversation about the Jarvis. For example, P5 stopped seeking out people
to speak to about the Jarvis since he realized that it could be an imposition: “I feel like maybe I’m
making a bit of an imposition when I say, hey, look at this! Look at this jar, what do you think of this?”
Despite carrying the Jarvis around, participants patiently waited until someone commented on
the Jarvis first. P9 realized that she had no control in creating a conversation about the Jarvis. She,
therefore, decided to let the Jarvis speak for itself, and waited patiently for people to approach her
about the Jarvis. She noted,
I think that some of the people who didn’t say anything were silently challenging
me. But I didn’t feel like it was up to me to make them talk about it. I don’t know
what my role is. If they didn’t say something, they thought I as one of those cookie
environmental people, but I don’t know for sure. Just, like I was waiting for them to
say. (P9)
While leaving the task of creating a conversation to the Jarvis itself, participants still had to ready
themselves for fielding questions about the Jarvis. For example, P19 was ready for possible questions
and comments because she anticipated the Jarvis would invite conversation. P19 stated:
I think I’m more prepared to have a conversation because I expect that somebody’s
going to ask me about it. So in a way it does become an invitation to have someone
ask about it because people get curious. So in that sense it somehow enhances a space
I think, because it’s an invitation to conversation.
Additionally, some participants chose to diminish their own agency in circulating the Jarvis.
They placed the Jarvis so that it would be seen in public but distanced themselves from the Jarvis.
For example, P16 shifted the responsibility on to a host mom of a children’s party, saying, “I put
[the Jarvis] in the middle table and I told the host mom, which is one of the moms at the swimming
pool that if anybody asked about the jar, please send them my way... I’m hoping people would look at
it and talk about it cause I’m sure they will see it right in the center.” P17 confessed that she had left
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the Jarvis at a bus stop for a while, stating that, “I put it out by the maps [at a bus stop]. I just was
curious if anybody would say anything.”
5.5

Reflecting on the Field Deployment of the Jarvis

We now reflect on our field deployment of the Jarvis. During its deployment, we came to recognize
flaws of in the Jarvis design that were shaped by our positionality. Because of the Jarvis, our
participants sometimes compromised on aspects not entirely relevant to zero-waste practices. For
example, a couple of participants felt that the need to charge the Jarvis, an extraneous object, was
wasteful. Though most of the participants liked the blinking LEDs when outside, they didn’t want
to see them in their homes (cf. Section 5.1). Some participants covered Jarvis with a cloth to hide
its blinking lights at night. Similarly, we intended the location-tracking feature to be useful for
participants to reflect upon their usage of the Jarvis over various places. However, our participants
ended up not using this feature once they verified that the LEDs were accurately depicting the
places they visited. Furthermore, we found, much to our surprise, the location-tracking feature
served more to impress others, which sometimes led our participants to talk about the technical
novelty of the Jarvis rather than about their zero-waste practices.
6

DISCUSSION

We will first articulate our view of agency and then introduce the concept of value circulation.
Lastly, we describe our contributions to ongoing discussions of agency in CSCW and HCI.
6.1

Agency Speaking for Zero-Waste Values

Since how users feel about whether they are in control of their technologies or not influences
how they interact with technologies [15, 38, 65], agency has long been a subject of inquiry in HCI
[14, 38, 42], drawing from cognitive neuroscience and psychology.
What we mean by agency largely draws on the views of STS scholars [3, 57] and the emerging
perspective of “entanglement” in HCI [19] that asks where is “the locus of agency,” especially
with the rise of mobile technologies. This body of work proposes that agency is more than a
binary attribute of human vs. non-human. For example, in actor-network theory, multiple human
and non-human actors share responsibilities, capacities, and authorities for action. In a famous
illustration [36], a speed bump might be seen as a sleeping policeman, designed by engineers to
fulfill the duties of a policeman. A speed bump therefore has an effect on humans and cars in
exhibiting roles of various agents such as engineers, police officers and construction workers, acting
on different places and times. As the result of configuring roles of other agents and situational
factors, a speed bump plays the role of a “technical delegate” [36, p.189] to manage drivers and
cars in traffic. Aligned with this view that takes both human and non-human actors seriously,
Suchman [68] suggests that agency is the effect of a configuration where humans and nonhumans
constantly participate in meaning making and its negotiations. Taken as a whole, we mean agency
as an emerging phenomenon through the configuration of negotiating agencies among multiple
actors and across different places and time. We now turn to extending the existing discourse of
agency to our study.
The agency of the Jarvis and the participants were articulated in sparking conversations and
disseminating zero-waste lifestyle values. We found particular agencies stood out more than others
in different places and across different situations. For example, we described how some participants
alluded to the Jarvis once they felt that they were at a place where meaningful conversations could
likely occur. In this case, the participants’ agency came to the fore, while the Jarvis’ agency acted
as a mental reminder to the participant. In contrast, when participants left the Jarvis at a place and
walked away, they were letting the Jarvis be a technical delegate for sparking conversation. Over
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time, participants tended to entrust their tasks and roles to the Jarvis when circulating the Jarvis.
The Jarvis gains agency in this process, specifically through 1) participants’ understandings of the
roles to be fulfilled and 2) inviting other agents to negotiate on ways in which the roles of sparking
a conversation will be taken on.
With Jarvis, we expand the discussion of who has agency and where this agency is located when
making values visible [69]. Why does thinking of agency matter in the dissemination of values?
Based on our findings, we argue that thinking of agency elucidates the mechanism of delegating
value dissemination to objects or other agents. Specifically, this informs the design of technology to
support the preference users have in speaking about their values. In the next section, we propose
the idea of value circulation to articulate the roles of agency in expressing lifestyle values. Then we
show how value circulation may be applied to other contexts.
6.2

Value Circulation

6.2.1 Revisiting the Porous Boundary. Drawing from the concept of porous boundary, we developed
Jarvis, a hybrid object augmented with technology to integrate with one’s zero-waste lifestyle.
Porous boundaries highlight that the values of objects are often perceived distinctly in different
places. We sought to create a design that would examine how values could be disseminated with
an object circulated to various places.
We found our prototype useful for elucidating how what we call value circulation might enrich
the concept of porous boundary. Porous boundary theorizes the mobility of valued objects across
the boundaries of a place but leaves the question of who or what speaks of values unspecified.
Value circulation also points that we need to pay attention to who or what takes an active role in
speaking for the values of these mobile objects. From our findings, the question of agency stood
out when circulating the Jarvis. As they carried Jarvis across many places and social encounters,
our participants had a choice on whether to proactively disseminate their values. In other words,
circulating the Jarvis in different places and social interactions highlights questions of who and
how zero-waste values would be spoken for with Jarvis.
6.2.2 Value Circulation. As a way of articulating how agency is intermixed with value dissemination across multiple places and situations, we introduce the idea of value circulation. Value
circulation conceptualizes how lifestyle values, practices, and things are shared and exchanged
with social encounters and over places. Value circulation builds upon porous boundaries; it asks
that we consider strategies in design that convey particular types of agency in order to achieve
preserving and disseminating values with their objects across places. Designing designs with
particular agencies can ensure that values do not fade when objects pass through boundaries.
In our study, zero-waste values were circulated largely in two different scales in terms of how
Jarvis disseminated values: micro-and macro-circulation. With micro circulation, the values were
revealed in situ, within one place and through social interactions, while with macro-circulation,
values were spread out over multiple places where it could interact with different sets of people.
For example, value circulation occurred through conversations with others about the Jarvis (micro
circulation) and through exposure of the Jarvis in an area (macro circulation). We find the metaphor
of circulating useful as it articulates the process of delegating a role to a certain agent through
social encounters and places in a circulation. Thus, value circulation is a way to account for the
extent of agency. For example, how is agency reinforced or weakened when circulating valued
objects in places?
Zero-waste practices and values were not successfully presented and delivered until agencies
(our participants, Jarvis or other people in the public) became a part of circulation. To start a
conversation (micro circulation), an actor must take agency. For example, the Jarvis draws the
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attention of other people or encourages participants to speak to other persons. Then, values were
queried, explained, reflected upon, which resulted in a two-way communication. When creating a
macro circulation, the Jarvis moved traveled from place to place, increasing its chance to interact
with various people and gain new and broader perspectives, such as recognizing regional disparities
of environmental awareness and the influences of geopolitical factors. Social contexts did come
into the use of Jarvis; for example, the participants intentionally hid or decided not to promote
Jarvis depending on places and occasions—e.g., in a synagogue (P9), during church service (P12),
and in a business meeting (P8). Thus, the creation of a macro circulation highlights that agency in
value circulation does not emerge as a sporadic or random event but as an ongoing configuration
that involved people’s initiatives of promoting values and the careful arrangements of said values
over places.
In our study, we found that value circulation could guide our design, focusing on how to promote
lifestyle values over places with agencies. If we want to design technological objects that speak for
certain values, value circulation suggests that we should consider which agency should be in the
loop of a value circulation. For example, we may consider how IoTs could be designed to speak for
user values by itself, or how it should instead be a medium that users can utilize for expressing their
values. From here, we can further ask how we construct, maintain, or reinforce this circulation of
values in IoT ecology.

6.2.3 Applying Value Circulation in HCI and CSCW. In this section, we contextualize value circulation in HCI and CSCW to show how the concept of value circulation could be applied as
alternative perspectives. For example, in studies of environmental justice in CSCW, values could
corresponded to ecological knowledge that needs to to be preserved and recognized. To preserve
unique knowledge, Vitos et al. [75] developed a mobile platform, Sapelli, named after a valued
tree in the community. It allowed indigenous forest communities to record and communicate to
outsiders their local knowledge to manage their environmental resources. In this case, we could
see mobile devices as objects that hold indigenous communities’ traditional values. The value
circulation lens suggests that mobile devices should be designed to consider ways of holding values,
for example how indigenous community’s values around traditional ecology could be delivered
without dilution to policy makers and other stakeholders through the device. This is important
if we want values to be understood by the decision makers and involved in the public decision
making process.
Another area of interest are lifespan-oriented perspectives in HCI [41], focusing on technology usage by people in a particular period of their lifespan. In studying the afterlife, scholars
have highlighted the value of memory and remembrance. For example, researchers developed
an interactive family alter to support the ritual practice of remembrance in homes [72]. In this
case, the remembrance is one way to preserve family values via the objects in the home. Value
circulation highlights that values could be read and adapted differently among family members or
inter-generations and suggests another possible way of keeping values such as promoting values
to others. For example, how people can introduce their ritual practices (e.g., pray for the deceased)
to other family members or others could be considered, if we want the users to encounter their
family ritual practices values through their lifespan, even over multi-lifespans.
The following section is a reflection on how our prototype, the Jarvis, was developed deliberately
for zero waste practitioners to express their lifestyle values. We share our strategies of expressing
lifestyle values through our technological artifacts, so that other researchers could exhibit values
within their systems.
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Triggering Conversations as a Mechanism of Expressing Values through Objects

Not every object exhibits its owner’s values; they do not always, by itself, speak for the values.
To exhibit its values, the objects should be intentionally designed. As a way of holding values in
objects and making values explicit over places, we designed the Jarvis to be a device that can trigger
conversations with others. The Jarvis seemed to successfully spark conversations in our study.
Carrying the Jarvis outside the home led participants to feel obligated to talk about the Jarvis. Or
they placed the Jarvis to be noticed—the Jarvis played a role as an external stimulus to prompt
others to talk to other strangers in place as if they knew each other [77].
6.3.1 Hybrity as a Way of Holding Values in an Object. In order to enable participants to talk about
the Jarvis, it must be aligned with their lifestyle practices. Taking this seriously in our design of the
Jarvis, we considered two aspects in terms of how the hybrid design can be a strategy to hold values
through an object. First, we preserved the functionality of the glass jar that is a part of zero-waste
practices, and, second, we made this object detachable from the entire hybrid design. This steps
ensured that our design fit with our participants’ existing practices with the glass jar. All of the
participants immediately replaced their reusable jars with the Jarvis during the study. Thus, we
suspect that other forms of LED-based objects would not be readily adopted by participants unless
they afford zero-waste practices.
Hybridity has been a popular approach to capitalize on new possibilities of materials in technological designs (e.g., [39, 60, 71, 82]). By leveraging hybridity in innovative ways, the material
experiences could be developed and incorporated into a designed object. However, in our study,
we leveraged hybridity as a way of holding values in an object. Specifically, by hybridizing an
everyday object and technical components in an asymmetrical manner (the everyday object was
foregrounded), hybridity was accomplished without losing the underlying purpose of the object.
Hybridity in many cases results in design objects losing their function or form of their materials.
For example, in the case of Whereabouts Clock [8, 61] that hybridized a clock and digital screen,
the clock—while maintaining its look—gained a new role indicating where family members were
located. As another example, in the case of Mugshots [31], the mug was fabricated by a 3D printer
so that users couldn’t use the mug for drinking and the mug only could work for the prototype.
By contrast, we designed two distinct parts (the everyday object and the technological elements)
as being physically detachable from each other, with each part keeping its role even when the two
parts were combined. While a glass jar has utilitarian and practical functions for users in that it
can be used as a normal jar, the technological components play a critical role as they engage users
and other people, for example, by drawing attention to the Jarvis, or encouraging reflection about
the places the users traveled to with the Jarvis. We found that keeping the two parts intact yet
making them detachable at the same time allowed participants to handle the Jarvis more easily,
adding an element of discretion to the Jarvis’s design. For example, participants took the jar out to
avoid getting other parts dirty when they bought groceries with the Jarvis. Also, the detachable jar
allowed participants to wash it and use the Jarvis without constraints for their zero waste practices.
In the case of Digital Family photo [46, 59], while the prototype maintained the underlying roles of
the picture frame that combined with the digital screen, they were not meant to be detachable and
participants were not allowed to change photos in the frame or change where it was displayed at
home.
We acknowledge that the detachment at the same time made the participants somewhat ignore
the technological components of the Jarvis. Indeed, some participants used the Jarvis the same
way they used any normal glass jar, while others explored new ways of usage, because they could
detach the technological parts from the jar part any time and clean it. Participants easily switched
usages, going from utilizing it just as a water bottle to making it into a conversation piece. In this
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way, hybridizing two different materials into the design prototype while keeping the role of each
material the same could be an effective prototyping approach if we want to have IoT technologies
hold certain values. Specifically, this tactic could be useful when we explore possibilities of how our
lifestyle practices might be integrated into or augmented to become IoT technologies. Speculating
further, we could ask, how could “smart” or “intelligent” agents be sometimes embodied by everyday
objects and sometimes not?
Lastly, we share a limitation of our hybrid design approach in terms of positioning the Jarvis as
a hybrid object in our participants’ daily life.
6.3.2 Practices challenge our perceptions on hybridity. We found that our general practices in
relation to technologies challenged our design as being perceived as hybridity. For example, the
Jarvis needed to be charged every day and our participants placed the Jarvis in their changing
stations at home. The Jarvis was charged with other technologies, like their cellphones and laptops.
Interestingly, just like with the other technologies, when the participants forgot to charge the
Jarvis or its battery died, they stopped carrying it around outside and/or using it. Similarly, they
stopped carrying the Jarvis when the LEDs malfunctioned (e.g., detected the wrong places or lost
connections). When the Jarvis had no battery and malfunctioned, participants perceived that it
lost its function, although the Jarvis was not relied on much for its technological components.
Clearly, our general perceptions of technologies somewhat imposed themselves on the Jarvis as
being perceived as a technology rather than as a hybrid object with two distinct parts. We see this
could a limitation if we want hybrid objects to be used for provoking new perspectives on our
technological practices. How technologies can be assessed by users beyond their utilitarian roles
has long been one of the concerns among critical design scholars. If we want to explore beyond the
conventional roles of technologies, we may have to consider creating alternative practices for and
around our prototype, for example, by designing an unconventional way to charge the device (e.g.,
by making it self-charging).
7

CONCLUSION

In this paper, we presented the Jarvis, a technological artifact that zero-waste practitioners can
carry in their daily routines in public to spark meaningful interactions with others. Drawing from
the concept of porous boundaries, this research through design project asked how lifestyle values
can be made mobile and publicly promoted through objects. By creating conversations with others
in public, the Jarvis attempts to make the values of zero-waste lifestyle apparent and mobile over
places. Based on our deployment study and interviews with zero-waste practitioners, we described
the roles of different agencies in circulating values represented by Jarvis. We also discussed the
roles of agency in technologies as a way of articulating values coupled with technologies. Lastly,
we shared methodological considerations when circulating values through designed objects.
A limitation of our study is its short term deployment in a local, uniquely liberal area. The
overall positive reception of the Jarvis may reflect the biases of our particular fieldsite. As one of
our participants mentioned, the Jarvis might have been considered provocative in an area with
less environmental consciousness. Future work should consider a longer term deployment that
includes diverse locations. Also, the very technological character of the Jarvis might be considered
unsustainable and anathema to zero-waste values. We acknowledge, as do other sustainable HCI
scholars, that this is an inherent limitation of promoting sustainability through design [5, 40].
Finally, we were not able to establish precisely how much of a valued object Jarvis was for our
participants. For example, we cannot entirely separate how much the novelty effect was involved
in participants embracing the Jarvis in their daily life practices.
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In closing, we hope to see more studies on surfacing values explicitly through design, particularly
in public spaces since many studies focus on specific stable settings such as the home. This is
especially important if we want our technologies to express the lifestyles we prefer. As Winograd
and Flores noted, “in designing tools we are designing ways of being” [78, p.xi]. The tools we create
go beyond their functionality. They are part of our lives and identities. We believe that our study
offers one way to espouse “the right values” through objects.
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A.1

Full Participant Summary

Participant Number
P1 (withdrawal)
P2
P3 (withdrawal)
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13 (withdrawal)
P14
P15
P16
P17
P18
P19
P20
P21

Occupation
Pianist/instructor
Working at a medical office
Professor
Doing farm work/homestead
Retiree/active volunteer for a sustainability community center
Professor
Professional designer
Associate director of residential programs at university
Emeritus professor
Fitness trainer/freelance writer
Retiree/textile artist
Data analysts
Librarian
Student
Running own business (plant/yard management)
Sport dietitian
Acupuncturist
Student coaching services at university
Semi-retired/administrative work for a composting company
Homemaker
Grocery employee

Zero-waste Practitioner Demographics: Occupation and Age
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Age
36
65
35-45
31
61
35-45
28
61
74
34
63
40
33
19
26
32
44
40
64
35-40
36
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Design Probe

The Design Probe Sheet
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