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Figure 1: The Odd Interpreters: Broadcast, Soft Fading and Data Bakery. 

ABSTRACT 
While data are the backbone for home Internet of Things’ (IoT) 
functional and economic model, data remain elusive and abstract 
for home dwellers. In response, we present the Odd Interpreters 
(OIs): a collection of three artifacts that materialize alternative ways 
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of engaging with IoT data in home environments. The OIs recast 
home data as imaginative sounds (Broadcast), fading fabric (Soft 
Fading), and cookie recipes (Data Bakery) with the intent to reveal 
the hidden human labor and material infrastructures of data and to 
critique data’s assumed objectivity. Following a Research-through-
Design approach, we unpack design events that mark our process 
for making the Odd Interpreters. We conclude with a discussion 
around the need for pluralizing data encounters, the tactic of de-
signing between illusion and precision, and a refection on living 
with the prototypes while designing. 
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1 INTRODUCTION 
IoT devices are rapidly fnding their way into people’s everyday 
worlds. With projections of 30.9 billion units worldwide [126] and 
a global market of $1.6 trillion by 2025 [127], IoT devices—and the 
data they collect, use, and share—are becoming particularly entan-
gled in everyday lives, often in intimate and private spaces like 
homes. While there are a multitude of home IoT devices and an even 
broader range of homes they exist in [35, 88], the interfaces created 
for home dwellers to engage their own data remain restricted by a 
narrow set of techno-solutionist and capitalist pressures. Home data 
are often presented (and understood by home dwellers) as a pro-
tective safety net [32], as a compromise for receiving the services 
provided by IoT companies [60, 67, 99], as a tool for self-knowledge 
[60, 104, 121], or as a mechanism to save money or energy [25], etc. 
Spreadsheets, apps, dashboards and smart recommendations asso-
ciated with IoT systems are typically grounded in an objective view 
of data which ignores the deeply local, interpretive, and dynamic 
nature of data [36, 60, 75], qualities often more attuned to character-
istics of home environments. The challenge is that these goals and 
orientation of data, while perhaps desirable on their own, create a 
closed set of design possibilities and foreclose exploration of other 
possible encounters with data that may be less about productivity 
or objectivity. 

Our work builds on a long tradition of research in human-
computer interaction (HCI) and design that investigates how peo-
ple conceptualize and live with their own IoT devices and IoT data 
[25, 26, 66, 105, 122]. In particular, the Odd Interpreters (OIs) were 
designed in response to recent calls within empirical and critical 
research that call for diversifying data encounters [32, 88, 100] in 
everyday settings. In their work on Difraction-in-Action, Sanches 
et al. [100] state “Engaging data difractively ofers a way to under-
stand data diferently and reposition it as something that is lived, 
situated, and contextual, making designs that are closer to the entan-
gled phenomena of being in the world.” In other words, looking for 
alternatives means looking for ways to bring data back together 
with the material conditions of its production and the social context 
of its interpretation. 

In this paper, we present design work that opens the door to 
engagements with IoT data that are open-ended, experiential, and 
embodied. We discuss a series of design events [89] that unfolded 
throughout the making of the Odd Interpreters (OIs). The OIs are 
research-through-design (RtD) artifacts which create experiences 
for people to encounter their own home data beyond questions of 
self-improvement, accuracy, or usability. We focus on the process 
of making the OIs because the process of designing ‘against the 

grain’ revealed important lessons for imagining IoT data encoun-
ters otherwise. Further, centering our process as a contribution 
of its own responds to recent calls in RtD scholarship for better 
documentation of the messy RtD processes, which can allow for 
a better understanding of the validity and rigor of the knowledge 
produced through the making of artifacts [6, 14, 24, 33, 106]. The 
Odd Interpreters include Broadcast, a wall-mounted device which 
plays ephemeral sounds to represent data’s interwoven existence 
within broader infrastructures beyond the home; Soft Fading, a 
rotating fabric cylinder which collects traces of sunlight to explore 
analog, slow and imprecise data collection; and the Data Bakery, 
a system which transforms smart plug data into prints of cookie 
recipes to activate the dynamic and human labor intensive side 
of data systems (Fig 1). By emphasizing these alternative sides of 
data, we resist positioning data encounters within technosolutionist 
frames with the hope of creating a space for exploratory and expe-
riential ways of being with data. This defamiliarization is meant to 
draw attention to data in home contexts and to encourage refection 
about the broader assemblages of data and people that constitute 
home IoT systems. 

Our methodological commitment is to Research-through-Design 
(RtD) [47, 125]: the material making of our conceptual ideas lead 
us to discover generative frictions while designing with home IoT 
data as a material and against the grain when it comes to the role 
data typically plays. We combined inspiration from design works as 
well as theoretical works by Science and Technology Studies (STS) 
scholars, philosophers, and media studies critiques of technology 
with the rich trial and error of ‘making’ with data and IoT. Our 
intention is to reveal what we learned about working with home IoT 
data in our eforts to move away from conventional data encounters 
centered on objectivity and productivity. We report on the making 
of the OIs with an attention to the process of conceptualizing, 
making and refning the artifacts. This approach is akin to research 
journeys [111] and design events [89], in the sense that it focuses on 
the ‘through part’ of RtD [33]. By purposefully exposing the messy 
side of our design process, our goal is to illustrate the complexities 
of working with data as material—in particular when aiming to 
design outside of conventional tropes with data. 

Our contributions are as follows: (1) the OIs are unique design 
exemplars that pluralize and expand home data encounters, con-
tributing to a growing repertoire of artifacts [16, 116] that start 
to defne that design space ; (2) we articulate design events that 
were particularly telling with regards to revealing data’s invisible 
infrastructures and assumed objectivity; (3) we conclude with a dis-
cussion around the need for pluralizing home data encounters, the 
tactic of designing between illusion and precision, and a refection 
on living with the prototypes while designing. 

2 RELATED WORKS: REFRAMING HOME 
DATA ENCOUNTERS 

2.1 Discursive and speculative IoT in home 
environments 

The Odd Interpreters contribute to a corpus of design and HCI 
works which speculatively and discursively reimagine home IoT, 
perhaps in response to a growing number of calls for action to-
wards a more fair, ethical and appropriate IoT [44]. These works 
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follow longer traditions in HCI and design to use ambiguity [51], 
defamiliarization [9], and openness to interpretation [102] as tac-
tics to shift interactions with technology from a single focus on 
productivity (or technosolutionism) to multiple foci towards pause, 
surprise, refection, playfulness and humor, that have the potential 
to align with some qualities of home life. 

For instance, taking a discursive approach, researchers have ques-
tioned the homogeneous view of a home often seen as the backdrop 
for home IoT, and instead started to imagine IoT in the context of 
homes beyond a single family detached house, such as co-housing, 
rentals, shared living situations, and smaller or unconventional 
spaces [35, 66, 88]. Other works have used a discursive and ludic ap-
proach to explore themes of curiosity [49, 52], privacy [57, 93], care 
[68], creepiness [92], human connection [21], or voice assistants 
experiences [90, 97]. Of particular interest are works which position 
IoT as relational in home environments—exposing the ways hu-
mans and things are entwined [74], and between connected devices 
themselves [118]. Further, a small but growing corpus of work is 
particularly focused on home IoT data, with an emphasis on data 
legibility (e.g. the Guess the Data method by Kurze et al. [71]), as 
well as more open data narratives and open ended stories (e.g. the 
short fction stories based on people’s data in the Data Epics project 
[31]). Yet, these examples maintain a two dimensional representa-
tion of data (either as graphs or narratives) and the OIs emphasize 
an embodied, materialized encounter with data (see 2.2). Within 
design inquiries, design researchers also used probes [123], stories 
[31] and participatory activities [58, 71] to inquire into the relations 
between people and data, with a particular attention to modes of 
interpretation and perception. 

Together, these works ofer an expanding and diversifed view of 
what IoT could be, emphasizing a move away from productivity to 
instead highlight entangled questions of pleasure and curiosity with 
concerns and anxieties around legibility, meaningfulness, surveil-
lance, and privacy. The Odd Interpreters aim at further exploring 
not only the presence of IoT in home environments, but also the 
ways people might engage with IoT data, a supporting pillar of IoT. 

2.2 Data materializations in domestic settings 
With a simultaneous growth of data generated and with the ad-
vancements in interactive interfaces and digital fabrication, design 
and HCI scholars have investigated and proposed new paths for 
transforming data into physical representations [1, 59, 62, 65]. Data 
physicalizations strive for a balance between data readability [1], 
opportunities for self-refection [113], and aesthetic and sensory 
qualities [77, 119]. By making data physical, sociologist Deborah 
Lupton argues that data which is always moving, always dynamic 
and part of various assemblages can now freeze “providing data 
objects that help people make sense of their personal information” 
[77]. Furthermore, this corpus of work on data physicalizations— 
sometimes called data visceralizations—often argue that “multisen-
sory experiences are richer and better understood than those that tend 
to emphasise only the visual dimension” [77]. 

In the context of home environments, designers have been us-
ing data to create ambient displays, materializing data to raise 
awareness around energy usage (e.g. [25]), to visualize daily human 

activity (e.g. [96]), to increase situational awareness (e.g. [64]). Clos-
est to the Odd Interpreters, we fnd a number of HCI and design 
research projects that materialize encounters with forms of data 
which would remain otherwise invisible, such as WiredRadio [54], 
the FeltRadio [55], the Desktop Odometer [115], the Morse Things 
[118], Gatehouse and Chatting’s experiments with WiFi [46], the 
High Water Pants [13] and, to some extent, Dunne and Raby series 
in the Placebo project [39]. Furthermore, we are also inspired by 
Desjardins et al. [32] call for action for engagements with data that 
go beyond refection and self-improvement as well as Wrifs-Brock’s 
[120] recipes for making IoT data encounters more diversifed. 

The Odd Interpreters contribute three design exemplars for how 
to create physical, multi-sensory and visceral engagements with 
data, continuing to build a repertoire of nuanced takes on revisiting 
data encounters, and engaging with the material resistances in 
bringing these encounters to life. Following Gaver’s defnition of 
theory in RtD [47], we argue that it is through a large collection 
of examplars that we, as a community, will be able to defne the 
design space for alternative engagements with data. Our designed 
artefacts both build on and extend prior work in important ways. 
Some of the work that inspired us include the Indoor Weather 
Stations [52], which ofer a dynamic and immediate representation 
of indoor climate; the Datacatcher [48], a handheld device to engage 
with big data; or the Home Health Horoscope [50], which infers a 
home’s health and encourages user interpretation. Other examples 
of visceral data engagements are seen in Odom et al.s work with 
photo and music archive meta data (e.g. [85–87]) or Desjardins and 
Tihanyi’s ListeningCups which materialize everyday sounds in 3d 
printed porcelain cups [34]. The OIs extend these by allowing for 
longer periods of time for data collection and refection [52], fading 
into the background of the home and focusing on ultra local and 
personal data [48], focusing on data both as and beyond an archive 
[85–87], and questioning directly what data are [34]. 

2.3 Data infrastructures, labors, and 
subjectivities 

As a strategy to broaden IoT data encounters, we looked at schol-
arship in communications, media studies, and STS. These works 
highlight diferent dimensions of the broader sociotechnical con-
texts in which home IoT data are produced, moved, and consumed. 

In All Data Are Local [75], Loukissas makes the argument that 
data are always grounded in a specifc context (a place, a time, a 
culture, etc.) and it is impossible to make sense of these datasets 
if they are disconnected from their data setting. In the same vein, 
D’Ignazio and Klein, in Data Feminism [36], articulate how any data 
interpretation is subjective and especially how data visualizations 
are non-neutral. They argue for acknowledging the positionality of 
the people who are doing data science work (or any data interpre-
tation), may it be in the collection, processing or visualization of 
data. They state “Rather than viewing these positionalities as threats 
or as infuences that might have biased our work, we embraced them 
as ofering a set of valuable perspectives that could frame our work.” 
[36:83]. Recognizing how data are situated in a context and molded 
through interpretation is key to going beyond the promise of data 
as neutral and solution oriented, and instead enter a space more 
rich and telling. 
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Furthermore, Sun-ha Hong [60] outlines how data are not per-
fect or clean or neutral. Hong interrogates how certain aspects of 
human life cannot be quantifed, let alone datafed. He also refers to 
Bateson’s [8] concept of warm data, data that can accommodate for 
the humanness of humans, data which by defnition are “less legible, 
calculable, manipulable and proftable” [60:192]. When consider-
ing the private context of a home, these concepts of imperfection, 
humanness and locality resonate strongly and become important 
starting points to reimagine data encounters with people in their 
homes, as shown in [68]. 

Last, we draw on STS literature in infrastructure studies that 
reminds us that technical systems such as home IoT devices require 
specifc social, political, and knowledge practices throughout devel-
opment, implementation, operation, and maintenance [18, 41, 72]. 
While infrastructure is often invisible, it can be revealed in moments 
of breakdown [107], as an expression of political power [70, 72], or 
as a deliberate object of scholarly inquiry [17]. Surfacing these in-
frastructures means appreciating the ways that humans, machines, 
and environment are entangled in large systems. From an environ-
mental perspective, the material infrastructure of IoT has real and 
scalar impact on climate change, such as undersea cables impacting 
marine life [108], to data centers consuming enormous amounts of 
electricity [37], IoT data are not simply ‘in the cloud’. In addition, 
the human labor that supports everyday use of IoT systems is of-
ten downplayed in front-end experiences. Much of the intelligence 
imbued in IoT systems is not completely autonomous and requires 
humans—sometimes referred to as ghost workers [53]—to train 
models for machine learning (ML) and artifcial intelligence (AI), 
the backbone of many IoT services like voice assistants. In Atlas of 
AI [27], Crawford describes the extractive nature of the labor pulled 
from low-cost information workers, labor that supports many of 
the intelligent systems behind IoT [4, 78, 91, 99]. Exposing the in-
frastructures behind IoT systems to home dwellers is a strategy we 
used with the OIs to broaden people’s encounters with data that 
are beyond immediate concerns of usability or productivity. We 
hypothesize that by connecting data with its own material mesh, 
we are able to ofer a new perspective for home dwellers to consider. 
Some design researchers have started to explore ways to engage 
with data infrastructure, for instance Barnett et al.’s experiment 
with Data Intermediaries (between people and infrastructure) in a 
pictorial of conceptual sketches [7]. The OIs further build on these 
ideas by creating fully functional artifacts. 

3 METHODOLOGICAL APPROACH 
We see the OIs as artifacts that invite the experience of data en-
counters that are intimate, polysemic, and multi-sensory in home 
environments. Our goal is to create space for engagements with 
data that allow home dwellers to consider data as a multifaceted 
phenomenon that goes far beyond their home or the IoT service 
they use. We specifcally focus on revealing data’s material infras-
tructure and hidden labor, as well as data’s entangled relation to 
the common imaginary of data as objective and productive. 

Our methodological approach builds on the traditions of dis-
cursive design [112], speculative design [5, 40, 81] and research-
through-design (RtD) [47, 110, 125], but also responds to newer 
calls for making speculation more consequential and experiential 

[23, 43, 117]. In this paper, we share our process of designing and 
making the OIs. We particularly focus on the ‘through’ parts of 
RtD, as Desjardins and Key [33] note, to work through segments of 
our process that did not feel like a straight path yet yielded insights 
about how to design with IoT data as a material. The ability to dis-
cuss the messy, trial and error side of RtD is crucial when working 
against the grain of convention, as friction may be the most interest-
ing part of the process. We also use Oogjes and Wakkary’s idea of 
‘design events’ as a scafold for our analysis, as design events focus 
on particular moments within a project, without “structure[ing] 
them by fnished designs or samples.” [89]. Our approach responds 
to recent calls for more transparent and honest documentation of 
RtD processes [6, 24, 98] and clearer articulation of intermediate 
level knowledge within design projects [6]. Within these calls, re-
searchers have argued that rigor, in RtD, comes from a strong “chain 
of reasoning”[14,24,29], which connects design decisions towards 
the making of an artifact. While researchers have proposed meth-
ods for documenting RtD processes (e.g. critical journal / contextual 
portfolio [98], annotated portfolio [16], design events [89], etc.), 
this form of dissemination for RtD work still remains rare. 

In addition, we interweave stories of iterative making with mo-
ments of living with the prototypes in our homes while we were 
refning them, further foregrounding our actual RtD process. Sim-
ilarly to Odom et al.’s approach of the designer-researcher [87], 
and autobiographical design [30, 33, 83], our approach allows us 
to acknowledge and interpret our frst-hand experiences with the 
artifacts. While autobiographical design relies on designing for a 
researcher’s genuine need, our approach is closer to Odom et al.’s 
idea of designer-researcher which harnesses a “frst-hand account 
of key insights emerging through our process”[87]. We chose a frst-
person research methodology [30, 42, 76, 83] because it allowed us 
to immerse ourselves in and document the messy RtD journey we 
were on. It allowed for a constant awareness of the process as we 
continued tinkering, debugging, and making adjustments to the 
Odd Interpreters [30, 83] while living with them. This ofered an 
opportunity for our team to observe the designed behaviors unfold 
over long periods of time and to surface and work through unantic-
ipated ethical considerations with the systems we designed [103] 
(see 3.3). A frst-person approach also satisfed our own curiosity: 
while we had spent months developing the Odd Interpreters, it was 
hard to imagine how it would be to experience them over time, as 
part of our everyday routines. 

3.1 Project background and context 
Our team at Studio Tilt, a design research studio at University of 
Washington, Seattle, USA, is composed of a professor in interaction 
design, three graduate students in design, information science, and 
engineering, and fve undergraduate students in design. During the 
concept development and prototyping phases, our studio was split 
into three sub teams, each responsible for one OI. In addition to 
team work sessions, we followed the format of a Directed Research 
Group (DRG) [114] where we met weekly for two hours to share 
progress, conduct critique and make decisions on next steps. 

In addition to being inspired by STS literature broadening com-
mon understandings of data (as outlined in 2.3), we were intrigued 
by Desjardins et al.’s descriptions of novel data encounters [32] 
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Figure 2: From left to right: Early sketches of Broadcast and Data Bakery; Form and function cardboard prototyping for 
Broadcast; 3D printed cases 

as well as provocative views of what alternative IoT could be 
[35, 66, 68, 71, 88]. From this scholarship, we chose three concepts 
as starting points for sketching: Difuse ways of noticing, which 
refer to slow, imprecise, and maybe unproductive ways of capturing 
data; Imaginary leaps, which reveal the broader material infras-
tructures data traverse during their journeys to and from a home; 
and Performative ways of knowing, which explores active ways 
of engaging the human labor behind data. We conducted three 
rounds of open and divergent sketching (Fig 2) adding up to over 
100 sketches before doing a session of editing where we chose three 
concepts to develop: 

• Broadcast: using sound to depict imaginary leaps beyond the 
home, focusing on data travel. 

• Soft Fading: an analog data collection device to notice sun-
light on faded fabric 

• Data Bakery: an embodied and performative act for translat-
ing data into baked cookies. 

With three directions in mind, our studio spent multiple group 
sessions dissecting, contextualizing, and adjusting our concepts so 
that they could stand alone but be companions to one another. Our 
making process moved from sketches and cardboard prototypes to 
hardware, code, and 3D prints (Fig 2). 

3.2 Documenting the RtD process 
Following Research-through-Design (RtD) practice [33, 47, 125], we 
documented the design process and the making process through 
weekly notes, photos of sketches and prototypes, videos of proto-
typed interactions, share-out presentations, and notes on debugging. 
After the prototypes were completed, we created a template for tak-
ing notes three times a week on our experiences living with the OIs 
(inspired by [12, 69, 98]), including a prompt for writing and a space 
for images and captions (as per Mackey’s commitments when doing 
frst-person research [80]). Along the way we shared our experi-
ences and concluded with an exchange with the rest of our research 
studio to discuss our fnal impressions. Inspired by duoethnography 
[101] (a type of frst-person method that invites researchers to com-
pare their frst-person experiences via dialogue), we organized our 
experiences of living with the prototypes in parallel so we could 
create dialogues between our households. Duoethnography is based 
on dialogic relations between the lived experiences of two or more 

researchers. The intent is to juxtapose various voices to highlight 
similarities and refect on diferences in experiences. 

Each discussion was recorded, transcribed, and analyzed along-
side our written/photographic notes. Prior to living with the OIs, 
we sought approval and guidance from our university IRB board 
and used consent forms within our own team to make sure studio 
members were comfortable with documenting their at-home experi-
ences. We also prepared a consent form with information about the 
project for the people living with us at home (partners, roommates, 
family members). While they were not interviewed or required to 
refect on the OIs, we sought consent in case we discussed their 
reactions while living with the OIs or if they wanted to provide 
feedback on their experience. 

To ground our experiences living with the OIs, Table 1 describes 
our team’s positionality and living situations at the time of the study. 
As a team, our experience with IoT devices at home ranged from 
no devices at all to a small ecosystem of smart bulbs and outdoor 
camera. Our own experiences of home, data, and IoT are partial 
and subjective, and infuenced how we designed and experienced 
the OIs. 

3.3 Ethical considerations while working with 
personal and home data 

In our design process, we were intentional about the way the OIs 
would collect home IoT data and aimed at emphasizing privacy 
and security in the systems we built. Soft Fading is simple; it does 
not connect to WiFi and does not collect digital data. Broadcast 
only records a 30 second snippet of encrypted packet metadata 
(the timestamp and the source and destination addresses) related 
to a connected smart speaker before deleting it. Data Bakery is a 
more complex system: data is recorded by using the third-party 
service IFTTT [63] and a Google Spreadsheet. We investigated these 
services’ policies and consulted with our technology department 
to assess what protections and risks were involved when using 
these services. For both Data Bakery and Broadcast, we needed to 
collect a home WiFi’s name (SSID) and password, while Broadcast 
required the MAC address for the smart speaker. Each of these data 
were saved locally on each device and deleted after engagements 
were completed. Finally, Data Bakery required remote login to the 
networked printer, which was performed by a studio member with 
consent from the home dwellers. 
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Table 1: Design team for the Odd Interpreters 

Pseudonym Self description Home OI lived with 

Audrey 

Chandler 

Jena 

Philbert 

Ruby 

Justin 

North American professor in interaction 
design, white cisgendered woman 
North American college student studying 
interaction design, cisgendered man 
Student in interaction design, white 
cisgendered woman 
University senior studying visual 
communication design, Asian man 
Visual communication design university 
student, white non-binary trans person 
White-passing biracial cisgendered male 

Renting, single family house, lives with husband 

Renting, one-bedroom apartment, lives with his 
partner and pet dog 
Owns, single family house, lives with partner, two 
cats and a roommate living in a detached apartment 
Renting, living along, on-campus student housing 

Renting, two bedroom apartment, living with their 
partner and cat 
Renting a room in a house with three roommates 

Broadcast 
Soft Fading 
Broadcast 
Soft Fading 
Data Bakery 

Data Bakery 

Broadcast 
Soft Fading 
Did not live 
with an OI 

Yuna North American college student in 
interaction design, Korean-American 
cisgendered woman 

Living with her family in a suburban single family 
house 

Did not live 
with an OI 

3.4 Analysis 
We analyzed our templates and our discussions from living with 
the OIs, as well as our weekly meeting notes, in progress presen-
tation slide decks, sketches, photos, and videos from our design 
and making processes. Our review process allowed us to trace 
back key conceptual, functional, and technical decisions and tease 
apart lessons learned when designing alternative encounters with 
IoT data. Throughout our analysis, we fagged data that helped 
us answer the questions: How do the OIs help imagine IoT data 
encounters diferently? How do the OIs create friction with existing 
IoT systems and data structures? We conducted one round of the-
matic analysis [20] to identify main themes and followed a process 
of open and then axial coding. Below, we present the Odd Inter-
preters, the design rationales that led our process and the design 
decisions we made as we were designing alternative encounters 
with home data. 

4 THE ODD INTERPRETERS: CONCEPT 
DESCRIPTION 

4.1 Broadcast: Using sound to expose material 
data infrastructure 

Broadcast (Fig 3) is a device that tunes into the network trafc 
related to a smart speaker (such as Google Home or Amazon Echo 
Dot) and represents the trafc into imaginative sounds that an occu-
pant can hear once a day. Smart speaker data (including utterances 
in audio and transcribed format, with metadata) are often imagined 
as part of a recorded archive ‘somewhere’ in a distant data cen-
ter. By design, Broadcast moves away from this type of encounter 
and instead fosters a more immediate connection to the broader 
infrastructure surrounding voice assistants and their data. 

Broadcast highlights how data travel and where they are phys-
ically situated, including through data centers, connecting wires, 
fbers and more. Since it is difcult for occupants to perceive these 
infrastructures, with Broadcast we chose to use imaginative sounds 
as an analogy to represent this liveliness of data as they travel to 

Table 2: 14 designed sounds for Broadcasta 

Data Location Data Movement 
Data Center (1) Uplifting, Spacious, Welcoming 

(2) 
Desert (3) Exciting, Adventurous, Playful 

(4) 
Home (5) Curious, Fraternizing (6) 
Space (7) Busy, Energetic, Buzzing (8) 
Stock Market (9) Dense, Clustered, Lively (10) 
Tubes (11) Congested, Teeming, Clogged 

(12) 
Underwater (13) Immense, Overwhelming, Rapid 

(14) 
The sounds are played from top to bottom, alternating between 
Data Location and Data Movement. 

a The sound fles are added as supplemental materials to this 
submission, for those who might want to listen. 

and from the device [10, 19, 77, 79]. We collaborated with a sound 
designer to generate sounds that are recognizable yet odd, with 
the intention to keep a level of curiosity and ‘otherness’. With the 
collection of sounds in Data Location, Broadcast inspires people 
to think about where data are stored (like in a data center) or the 
physical spaces that data encounters through its travels (like un-
derwater cables, satellites in space, or tubes underground). The 
collection Data Movement represents the speed and intensity of 
data’s movement and reveals the infrastructures that made travel 
possible: some movements are more congested such as travelling 
through data centers or dense cities, while other movements are 
more uplifting or adventurous (see Table 2). We were inspired by 
vivid texts reporting on Internet and data infrastructure when de-
signing the sounds such as [15, 22, 37, 61, 109]. 
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Figure 3: Broadcast alerts home dwellers when data are received or sent via a smart speaker in the home. Once a day, people 
can ‘catch’ an imaginative sound that represents data traveling. 

Figure 4: Broadcast is comprised of a Raspberry Pi microcontroller, a small speaker, and a 20-pin rotary encoder attached to the 
blue resin sphere. 

4.1.1 How does Broadcast work? While Broadcast’s sounds are 
imaginative and pre-recorded, they come into play only when actual 
voice assistant data is sensed in the home. Broadcast ofers two 
ways of interacting with network data. First, every time a data 
packet to or from the smart speaker is detected, Broadcast’s small 
top light gently glows, indicating that data are moving through 
the home. Second, once a day, people can listen to a data sound 
when Broadcast senses smart speaker trafc. When that occurs, the 
light on top of Broadcast blinks vividly, letting the person know 
a sound is accessible to play. From there, the person can turn the 
blue sphere. As though they were tuning in a radio station, they 
frst hear static noise. As they turn the sphere and get closer, the 
data sound will become crisper while the static noise fades away. 
Once the turn they sphere on to the sound, the sound clip plays 
for 30 seconds. This ephemerality is important to demonstrate how 
data are always moving. Once a sound has been ‘caught’, no other 
sounds are accessible that day. If a sound is not caught in within 10 

minutes, it might become accessible later that day once more data 
travels through the smart speaker. 

The sequence of 14 sounds is pre-scripted and do not depend on 
the type of data sent or received. Broadcast recognizes that data 
packets are moving—but does not read them. Over the course of 
14 sounds script, the congestion of Data Movement’s sound design 
progressively intensifes, and Data Location sounds are played in 
the order presented in Table 2. This rhythm allows for a slowed 
timeline to refect on constantly travelling smart speaker data. 

From a technical perspective, Broadcast captures the smart 
speaker’s network activity by sensing data packets (see Fig 4 for 
internal components). First, we added a USB network adapter to 
our Raspberry Pi 4 and set the adapter to monitor mode, which 
enables local monitoring of nearby wireless network trafc packets. 
Broadcast uses the Linux version of the tcpdump library [128], a 
command-line packet analyzer, to record 30 seconds of network 
trafc packets to a text fle, then searches this fle for the device’s 
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Figure 5: Soft Fading is an analog device that slowly collects 
sunlight data on a cylinder of revolving turmeric dyed fabric. 

MAC address. Packets that contain a smart speaker’s MAC address 
indicate data are currently traveling to or from the smart speaker. 
While our original goal was to avoid recording any trafc data for 
privacy reasons, the Raspberry Pi was computationally limited in 
its ability to flter sensed network trafc while also operating the 
light, sounds, and ball. As a result, we chose to temporarily record 
trafc data, search through that data, then delete the data. 

4.2 Soft Fading: Analog capture to emphasize 
data’s locality 

While Broadcast draws attention to smart devices’ relationship to 
broader data infrastructures, Soft Fading reinterprets what data 
capture might mean in the context of the home. Soft Fading (Fig 5) 
is a device that collects sunlight in a home over long periods of time. 
The sunlight is recorded as faded sections on a piece of fabric. Data 
collection in the context of home IoT is often regarded as objective, 
precise, and instant. In contrast, Soft Fading turns this convention 
on its head and instead ofers an analog, local, and layered expe-
rience by embracing blurred edges and imprecision both in data 
collection and interpretation. By attending to softer ways of being 
with data, we also fnd resonance with Nora Bateson’s concept of 
warm data: “contextually and relationally rich forms of information 

that might be more accommodating of human contradictions and 
inconsistencies” [8]. Our analog device, as Sun-ha Hong might put 
it, collects “knowledge that is not easily datafed—the afects, the 
interrelations, the lived experiences, the tacit knowledge” [60]. 

Soft Fading completes one rotation per day. In doing so, it 
purposefully superimposes every day’s data on top of the past days, 
creating a layered archive of sunlight data. Over time, common 
patterns have a strong imprint on the fabric (e.g. the approximate 
time of sunrise or sunset), but more irregular moments will have 
only a subtle impact on the fabric (e.g. opening or closing blinds). 
Following the principles of Slow Technology [56, 84], Soft Fading 
refrains from constantly requiring attention from the user and 
instead uses its slow pace to fade in the background while slowly 
building anticipation. Soft Fading intentionally stands in stark 
contrast to Broadcast’s high interaction requirements. 

We chose sunlight as an input in order to experiment with the 
less dataifable elements and subtle changes of a home. Sunlight can 
be experienced almost everywhere on Earth, and yet how it afects 
a home remains unique and local—the light one home experiences 
can be drastically diferent than light found in a home a few doors 
down depending on the shape of the house, window placement, 
trees, etc. We were fascinated by the natural process of fading, like 
a faded section of a post-it note sticking out of a book, standing 
as a trace of time passing (also see [38]). Finally, we point out the 
connection to Gaver et al.’s Light Collector [52], which has a similar 
purpose: to capture the changes in the light of a home. While Gaver 
used a digital sensor, we chose an analog route to purposefully 
question the process of data collection, described below. 

4.2.1 How does Sof Fading work? Soft Fading consists of a cylinder 
wrapped in turmeric dyed fabric. This cylinder is attached to a step-
per motor controlled by an Arduino, which turns one full rotation 
per day (Fig 6). The fabric’s fading is a natural process that happens 
when fabrics are exposed to UV rays. Dying the fabric ourselves 
with turmeric and without fxatives allowed the fabric to fade at 
a faster rate than commercial options (Fig 7). Using Soft Fading 
is simple: once the fabric is installed, the occupant positions the 
device in a place that can receive some sunlight (e.g. by a window) 
and orients the open slot towards the sun for a maximal chance of 
fading. Occupants can decide how long to leave Soft Fading in the 
same position, knowing that the longer they wait, the more fading 
will occur. 

Figure 6: Soft Fading includes a rotating internal cylinder, onto which turmeric dyed fabric is secured with two elastic bands. 
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Figure 7: Left: Fabrics for testing fading. Center: original swatches with madder root and turmeric on three types of fabrics. 
Right top: original turmeric swatch. Right bottom: faded turmeric swatch after six and a half weeks in a window exposed to UV 
rays. 

4.3 Data Bakery: Engaging human performance 
and labor in data meaning making 

As a collection, we wanted the Odd Interpreters to ofer a range 
of refections on living with data at home. Broadcast focuses on 
the broad data infrastructures beyond the home and Soft Fading 
emphasizes the act of data collection as an analog, imperfect, and 
slow process. With Data Bakery, we aimed at creating space for the 
occupant to engage their own labor in the interpretation process 
with IoT data. Data Bakery (Fig 8) is a system that provides a cookie 
recipe based on smart plug data in a home. Data are often perceived 
as passive, in the background, and are kept “just in case” they are 
needed [32]. With this artifact, we bring data to the forefront and 
create a performative way of encountering one’s home data: by 
baking them into cookies. 

The act of reading the recipe, measuring precisely the ingredients, 
deciding whether or not to alter the recipe, and eating the cookies 
are meant to ofer experientially tactile and gustatory ways to refect 
on data [59, 62]. The cookies are materialized representations of 
living in a home with smart plugs. With the Odd Interpreters, we 

have aimed at expressing data (often seen as hard, objective and 
scientifc) with some softer sides of home environments such as 
fabric (Soft Fading) and more ambiguous elements such as sound 
(Broadcast). Along those lines, baking cookies further plays with 
acts of home making that may be familiar to some occupants. 

4.3.1 How does Data Bakery work? Data Bakery consists of a 
printer, fve smart plugs, and a recipe booklet/guide. Creating a 
recipe begins with placing smart plugs in areas of interest around 
the home, perhaps to gain insight into their electronic objects. 
Through a third party app (IFTTT [63]) and Google spreadsheets, 
we log when the smart plugs are turned on or of (Fig 9). After 
recording two weeks’ worth of smart plug data, a studio member 
(Philbert) manually translates that data into a recipe using a simple 
set of rules (or algorithm, Fig 10). Philbert’s involvement was central 
to the concept: keeping a human touch in the process allowed us to 
think through concepts of human error and human interpretation 
[4, 28, 53]. 

Figure 8: Data Bakery prints a cookie recipe based on smart plug home data. 
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Figure 9: Google spreadsheet ‘raw data’ listing timestamps 
for each time this smart plug was turned on. 

Data Bakery records smart plug interactions in two-week in-
tervals. First, it establishes a baseline of usage activity (the total 
number of times the smart plugs were (de)activated) over the frst 
two weeks of living with Data Bakery, then compares subsequent 
usage activity with that baseline to determine cookie ingredients. 
The example in Figure 10 shows the baseline for white sugar is 
0.5 cups when a plug is (de)activated 49 total times. The follow-
ing week Data Bakery observed 37 (de)activations (Plug Count), 
leading to 0.38 cups of white sugar (Variable Output). The vari-
ables that change in the recipe are the cookie texture (based on the 
proportion of sugar, four, egg, and butter), the ball size, the top-
ping type (like almonds or candy cane chunks), the seasoning type 
(like matcha, cinnamon, cayenne, etc.), and the topping/seasoning 
amount. Some combinations might be delicious, others might be 
more questionable. 

The recipe amounts were then remotely sent to the printer (Fig 
11) by Philbert using VNCViewer, allowing the home dwellers to 
create their data cookies. We designed a bespoke recipe book (Fig 
12) to collect the recipes and give context to the numbers printed 
by the Data Bakery. In the form of a mad lib, the printed numbers 
complete a recipe template already in the book’s pages, which 
orchestrated surprise and a sense of ‘reveal’ while performing with 
the data. 

5 EXPERIENCES IN MAKING AND LIVING 
WITH THE ODD INTERPRETERS 

In this paper, we do not focus on the full process of designing 
and making the OIs. Instead, in this section, we highlight six de-
sign events [89] which help us qualify our designed alternative 
encounters of home IoT data. As Oogjes and Wakkary state, design 
events allow us to stay with the “ongoing-ness and dynamic na-
ture” [89] of design research, qualities that are particularly relevant 

Figure 10: This spreadsheet was our ‘algorithm’ for converting smart plug usage into amounts for a cookie recipe. The frst 
three lines (Plug Min, Med and Max) are established the frst two weeks, as a baseline. For each subsequent dataset, we input 
the Plug Count in row 9. This count is compared to the baseline (Plug Med) and generates the Variable Output (in yellow). The 
output also indicates which topping and seasoning to be used, from 1) to 10). 
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Figure 11: Left: Data Bakery includes a small WiFi connected printer that prints the recipe amounts for a cookie recipe (right). 

Figure 12: The Data Bakery recipe book. Small pill shaped holes are cut through pages to let the information on the prints 
shine through and complete the recipe. 

for our work, as the design, making and living-with were deeply 
intertwined. Further, this focus on the ‘through’ part of RtD [33] 
is relevant to demystifying both the conceptual, but also material 
and infrastructural complexities of designing data encounters that 
go beyond a technosolutionist framing. It is through these precise 
descriptions that we demonstrate the validity and rigor of our RtD 
work, and that we ofer solid anchors for others to build upon. 

5.1 Richness in the process: Anticipation while 
capturing sunlight 

One of the frst things we noticed while living with the Odd Inter-
preters was a de-emphasis of the fnal data archive and a renewed 
attention to the active process of capturing data, which also came 
with a new sense of anticipating data. It became apparent to us that 
data were being collected but we did not have access to them at 
all times. While some IoT services focus on always-available data, 
restraint (also see [94]) proved to be a generative tool for bringing 
more awareness to data. A clear example of anticipating data is illus-
trated in Soft Fading. Since occupants are unable to see the efects 
of the sunlight until weeks or months later, they spent more time 

imagining what the fabric would eventually look like. For months 
Ruby, Audrey, and Chandler pondered on the subject of sunlight; 
its locality, its intensity, and the movements they made within their 
home. They questioned data, even worrying about their fabric’s 
outcome, as Ruby said, “My biggest worry was that the sun would 
fade the fabric beyond any recognition, so much so that no lines 
of data would be present.” Further speculation involved directing 
attention to one’s environment, as Ruby writes, 

“I had been imagining the fading pattern on Soft Fading 
to be sort of geometric, with gradients of stripes. But 
seeing this leaf’s shadow makes me wonder about how 
my little desk environment will imprint its data onto 
the fabric? Looking more closely at this photo [13], I 
notice that my plant’s pot is refecting light onto the 
window. I forgot that light can bounce around! And even 
the little folds and wrinkles on the fabric are creating 
shadows and patterns.” 

By having Soft Fading withhold instant access to data it forced 
Ruby to confront ‘data’ as it was happening, long before seeing the 
actual imprint on the fabric (which we get to in section 5.4). Audrey 
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Figure 13: (Left) Ruby’s plant casts a shadow on Soft Fading, potentially impacting the data collection in Soft Fading. (Center) 
Ruby’s drawing: what they thought the fabric would look like at the beginning, and (Right) then revised after a few weeks of 
living with Soft Fading. 

had a similar encounter with data, one that happened when she 
was not even in the home. She wrote, “It was so hot during our 
vacation, the sun was really strong, it made me wonder a bit - how 
much is this intensity impacting Soft Fading? What will the fabric 
look like?” These anticipatory and imaginative moments cast data 
in a new light, one where occupants need to carefully consider the 
conditions in which data are produced to envision data coming into 
existence. 

5.2 Revealing infrastructure: Unpredictable 
patterns with Broadcast 

While most IoT devices aim at hiding background processes to pri-
oritize end user desires and needs, with Broadcast we intentionally 
augment smart speakers with a new device whose only function is 
to show when data are traveling to and from the device. This idea 
ofers an important departure from common narratives of seeing 
data as ‘in the background’ [60, 75] and instead use this character-
istic of data as a jumping of point to connect singular IoT devices 
to the broader (data) systems they exist in. 

Both Audrey and Chandler described anxiety over “missing” 
sounds while they were out of the home, and rushing (sometimes 
running!) to the device when they heard the static or noticed the 
fashing light indicator. This combination of ephemerality and un-
predictability led occupants to describe their interactions with 
Broadcast as “catching” sounds and data. While some sounds were 
heard clearly, other times “it was so quick. I only caught the last 
glimpse and then it was gone” (Audrey). This example expresses 
a sense of resignation: that nothing can be done to listen longer 
or catch a sound better, because the data represented has already 
moved on, and the intersection with the human world has disap-
peared. 

We initially envisioned Broadcast would only actuate when an 
occupant interacted with a smart speaker—an assumption based 
on common promotional and instructional materials from Amazon 
and Google and shared with many users of voice assistants [73]. 
However, implementing and debugging Broadcast introduced prac-
tical and technical revelations. During debugging, we found that 
voice assistants consistently and periodically send data packets, 
often to addresses related to the service provider (e.g., Amazon 
or Google) or to other network devices such as the router. While 
these were likely routine synchronizing activities, we also found 

some voice assistants send a packet after the device appears to have 
completely powered down. These discoveries challenged both our 
understanding of how networks and devices operate and required 
us to revisit Broadcast’s design. 

At home, this discovery made the constant communication of 
networked devices material by actuating at unexpected times. This 
uncertainty led occupants to periodically attend to Broadcast’s light 
(Audrey: “giving little glances”) or to intentionally trigger Broadcast 
by interacting with the smart speaker. While Broadcast reliably 
captured packets after interactions with the smart speaker, many 
packets were not generated by human activity but by machines. 
Through Broadcast, occupants were able to both confrm that the 
smart speaker was sending packets without human activity, then 
to speculate at both the data and devices implicated in streams of 
“invisible” data (Chandler). Audrey was reminded that, even when 
out of the house, “the house is still there, doing its thing, sending 
and receiving data, no matter what we do”. Through both designing 
and living with Broadcast, the persistent motion of network trafc 
packets were made experiential. 

5.3 Embodied and experiential: Making cookies 
for meaning making 

Once data are collected, a question of ‘what to do with the data’ 
remains. It is often understood that data are cleaned, prepared, or-
ganized, and visualized to generate a certain meaning. With the 
Odd Interpreters, we aimed at making that process of manipula-
tion tangible in interactions with the artifacts. The most obvious 
example is the manipulation of data in Data Bakery—once a recipe 
is printed, it is up to the user to perform the recipe to the best of 
their ability (often inserting new human interpretation or error in 
the process). 

Data Bakery ofers home dwellers a novel route for understand-
ing, and manipulating, their home data. Even interpreting a new 
Data Bakery recipe frst requires a step of manipulation, since with-
out the context of the recipe book the print feels nonhuman and 
ambiguous. Numbers foat intermittently across the page and are 
disrupted with two words only: the topping type and the seasoning 
spice. After receiving her frst print, Jena wrote “The frst thing I 
looked for was topping and mix-in type. I found myself placing more 
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Figure 14: Jena’s Annotated Data Bakery Book 

priority on their relative plugs than others. I laughed at raisins, be-
cause I really wanted a wacky topping and I don’t hate raisins, but I 
don’t love them.” 

When placing the recipe into the book to reveal the correlation 
between data points and ingredients, Jena refected “What did I do to 
get half (0.51) an egg? Need to invent special tool for egg halving!” In 
her process of interpretation, Jena annotated the recipes directly in 
the book (Fig 14), to make sense of the strange quantities presented 
on the print, but also to make these abstract numbers into actionable 
instructions in the kitchen. While baking is often seen as a precise 
activity, it isn’t at the level of precision required by the Data Bakery 
print. In her annotations, we can see adaptations: “0.76-ish tbsp 
vanilla extract”, where the “ish” suggests an approximation. We 
also see replacements: instead of unsalted butter, Jena used salted 
butter because this is what she had at home. Again, the rigidity of 
the data is confronted with the realities of her home, forcing further 
manipulation and making tangible the process of data cleaning or 
adjusting. 

5.4 Aiming for Softer Edges: The Challenges of 
Precision 

Part of our goals with revisiting home data encounters was to create 
space for capturing data that is not ‘hard’ but instead that can rep-
resent the afective and lived experiences within a home. With Soft 
Fading, we particularly aimed for slow impressions of sunlight. The 
making process of Soft Fading revealed an important dilemma in the 
fabrication of a tool for data collection. While our intention was to 
create an artifact that could generate soft, imprecise, and open to in-
terpretation data (hence our choice of an analog approach), we were 

still faced with a need for a high level of precision to accomplish the 
basic functionality of our artifact. For instance, it was critical that 
the same fabric section to be exposed at the same time everyday. 
Our stepper motor has exactly 200 rotor teeth, meaning that each 
revolution would need to take 200 steps at precisely 1.8ºrotation per 
step. In order to have the fabric line up after 24 hours (360º) we had 
to have the motor take one step every 7.2 minutes (432 seconds). 
While in theory this should work, in reality a small misalignment 
over a long period of time (weeks or months) would mean that any 
data interpretation would be skewed. We saw a certain irony in the 
need to fabricate a very precise instrument to collect something 
that was meant to be read and interpreted imprecisely. 

Once we started to live with Soft Fading, this contrast became 
even more pronounced. In one of Audrey’s early refections she 
wrote, “I plugged in SF at my desk. I put a dot on one of the elastic 
bands, and noted the time, to see if it would really turn in 24 hours.” 
She continues “After a couple days, the cylinder was still turning on 
time, which was very impressive.” Curiously Audrey describes the 
precise turning of Soft Fading as impressive, already hinting at a 
doubt over the device’s precision. Ruby also noted the rotating of 
Soft Fading, “Sometimes when I’m working I’ll hear the little tsssk of 
the cylinder turning. [. . .] Soft Fading is like its own little clock, telling 
time in 7 minute increments.” The precision of soft Soft Fading is 
once again emphasized , similar to a clock. Both Audrey and Ruby’s 
attention to the precision of the device highlight the connection be-
tween the instrument of data collection and the value and accuracy 
of the data collected—which was necessary to attain an ‘efortless’ 
feeling of softness (imprecision) on the faded fabric. 
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Figure 15: Front and back of the piece of fabric created in Audrey’s home over two months. 

Once Ruby and Audrey had taken their pieces of fabric out of 
Soft Fading (Fig 15), both had similar questions when looking at 
irregular stripe patterns: why are there so many stripes? why is this 
not a simple gradient at sunrise and sunset? Ruby wondered if this 
was caused by their plant casting shadows on Soft Fading. Audrey 
retraced the patterns of light coming in through her window, even 
noting light bouncing of the neighbor’s house. They questioned the 
accuracy of Soft Fading. Had the cylinder stopped rotating for a few 
days? Is that why there was a very faded band here? Reading the 
fnal piece of fabric requires interpreting multiple layers of events: 
the house conditions, what Soft Fading’s hardware was doing, what 
the participants were doing, how the UV rays were changing day 
to day. It becomes impossible to discern the various factors. The 
tension between the precise turns and the messy data collection 
was fnally manifested. 

After some investigation, we found that the revolving cylinder 
was slipping on the motor’s axle causing a mismatch in fading. Be-
fore deploying Soft Fading into Chandler’s home, we implemented 
a fx by designing a new hexagonal end piece for the cylinder that 
properly attached to the stepper motor and prevented slipping. The 
fabric generated from Chandler’s home was closer to our original 
hypothesis: that sections exposed closer to noon would be most 
faded while areas exposed at night would remain bright yellow (Fig 
16). This experience made it clear that the building of instruments 
for data collection are central to the data generated and impact how 
we might eventually interpret data. In this case, we saw how data 
manipulation can start even before any data are collected at all, just 
in the design (and glitches or mistakes) of an instrument. 

5.5 The human in the machine: Layers of labor 
The actions directed by the Data Bakery help us make experiential 
the layers of labor involved in collecting, living with, and translat-
ing data that are otherwise intentionally hidden in mainstream IoT 
device systems. Collecting data, according to convention, is ideally 
done with minimal efort and with no personal connection to the 
ways in which it is translated and presented back to a user [36]. In 
contrast, the data collected with Data Bakery is not automatically 
rendered into digestible charts or visualizations, but is instead sent 
to Philbert who takes the time to semi-manually transform the data 
into a recipe: pluging the On/Of data into the algorithm spread-
sheet, applying the decimal numbers to an image fle, and then 

Figure 16: More consistent fading after two experiments at 
Chandler’s house, after adjusting the end piece. Top: Novem-
ber 9, 2021 to January 8, 2022; Bottom: May 28, 2022 to August 
21, 2022. 

sending the fle to be printed at the home through Data Bakery’s 
networked printer. 

While living with Data Bakery, Jena refected on the comparison 
between automated and human translations: 

“My expectation was that it would feel like an au-
tonomous system. My data gets sent to Bakery and then 
I get a recipe and that’s it. But it really became more 
of a pen pal system with acts of care between me and 
Philbert and that’s where the magic happened. It wasn’t 
because this magic algorithm was making judgments 
about my home dwelling, it was because I now have 
this very dispersed system between my home, a friend 
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of mine, and the Bakery, which was not what I was 
expecting at all.” 

While we originally wanted to keep an element of human labor 
in the project, we did not anticipate that ‘the human in the machine’ 
would become a feature of the system that would draw as much 
attention as it did for Jena. Even as we tried to ‘hide’ Philbert’s 
labor during Jena’s experience, our technical debugging sessions 
and troubles with WiFi connectivity made Philbert’s labor visible. 

When the frst printout arrived, Jena refected on additional 
layers of labor required in order to interpret the recipe. In reference 
to having to fll out the baseline guide she stated “It felt like I 
had to provide for the Bakery before it provided for me.” The acts 
of performativity we described in 5.3 are also moments of labor 
enacted by Jena. Not only did she need to interpret the recipe, but 
she had to actively go to the store and buy ingredients, physically 
make dough, roll it into balls, and bake the cookies. 

With the Data Bakery, we were able to interrogate multiple levels 
of labor within an IoT system, from Philbert’s processing tasks, to 
our team’s debugging process and Jena’s care for the smart plugs, 
the book, and the prints, and her baking activities. We can imagine 
in a future iteration of this project also inquiring into labor directly 
at the services we used (IFTTT and Google), as a way to continue 
mapping hidden labors in IoT. 

5.6 Expansive and imagined: In contrast with 
the material realities of WiFi 

The Odd Interpreters allowed us to enter the worlds of data and to 
imagine what might be happening behind the scenes. With Broad-
cast, Chandler and Audrey responded to the sonic representations 
of data by describing the sounds in terms of quality (e.g., “fast”, 
“energetic”, “airy”) and location (e.g., “another world”, “on a beach”, 
“in the water”, “in a large mechanical workshop or warehouse”). 
Using these interpretations, Audrey imagined her data traveling 
to and through unobvious locations: “what underwater cable it’s 
taking”. Chandler noted that Broadcast emphasized that “data is 
on journeys not just [at] destinations. . . it travels far”. While we 
had designed two types of sounds (location and movement), the 
distinction between the two types was not as obvious as we had 
expected. Nevertheless, the images and imaginaries they provoked 
touched on both location and movement (as seen above). 

While living with Broadcast ofered an expansive view on where 
data might be in the world, echoing Yanni Loukissas’ point that ‘all 
data are local’ [75], developing and debugging Broadcast empha-
sized this idea even more. As Broadcast lived in multiple homes, 
we realized it had diferent behaviors in diferent homes—in fact, 
each home had a diferent amounts of WiFi trafc as part of their 
techno-landscape. 

Data’s local quality became very evident in our development of 
Broadcast, in particular when monitoring the real movement of 
smart speaker data. In addition to showing how data are constantly 
moving in and out of smart speakers, our work with Broadcast 
also emphasized that home networks are deeply situational and 
contingent. Fabricating Broadcast required collaboration between 
developers and designers. As a practical consequence, Broadcast 
was connected and tested within homes, dorms, or apartments of 

designers and developers. While we imagined Broadcast would be-
have consistently in home networks, each WiFi network provided 
unique challenges during debugging, leaving a unique imprint on 
Broadcast’s software. In homes where the smart speaker was phys-
ically distant from a network access point, we observed the smart 
speaker shifting between 2.4ghz and 5ghz WiFi. This required us to 
expand monitoring to both network bands. We also noticed perfor-
mance drops in home networks with low signal-to-noise ratios (or 
a large number of adjacent networked devices). Exposing Broadcast 
to diferent amounts of network trafc helped expose performance 
bottlenecks in our software architecture. To account for diferences 
in performance, we adjusted Broadcast to be over-responsive in 
homes with high noise and conversely, less responsive in homes 
with low noise. The experiences of designing, implementing, and 
living with Broadcast highlights that, while networks are built on 
shared protocols and technologies, each home network has unique 
contours and specifcs that Broadcast had to accommodate. 

6 DISCUSSION 

6.1 Pluralizing data engagements at home 
The Odd Interpreters (OIs) ofer three alternatives to conventional 
home IoT data encounters. Pluralizing home data encounters is 
crucial for understanding the expanding breadth, reach, concerns, 
and potential of home data, and more broadly human interactions 
with IoT devices and systems. In the context of IoT, recent man-
ifestos have called for such visibility: “IoT product[s] will always 
be part of ‘a complex, ambiguous and invisible network’ and insists 
that parties associated with an IoT product are made explicit and 
visible: ‘Our responsibility is to make the dynamics among those par-
ties more visible and understandable to everyone’” [44]. We are still 
only at the beginning of these types of entangled lives between 
humans, IoT data and home, and we contend that imaginative and 
experiential ways of being with data is a powerful starting point 
to challenge common assumptions or conventions about IoT home 
data. Through our design, making, and living-with experiences, 
insights point to a plurality of ways to engage with home data. 
Broadcast pulls the imagination towards data’s distant places and 
other worldly movements; Soft Fading breaks convention with the 
perfection of digital data and instead surfaces the local, contextual, 
and situated nature of data collection and interpretation; and Data 
Bakery actively commands attention towards the many layers of 
often invisible labor involved in data interpretation and processing. 

We wish to further examine the learnings that come from making 
visible, and experiential, something as abstract, opaque, and feeting 
as IoT data. Our project intentionally aimed at bringing IoT data 
closer to humans in their homes as a way to resist current frames 
of datafcation as ‘out there’, bringing data back on the “horizon of 
individual experience and knowability” [60]. In essence, this is an 
ontological project: how might we know data in our homes? The 
question here is not what can data tell us about ourselves or our 
homes (as data visualizations or materializations ofer), but instead 
what tools, or tactics, do we need to know data better? We see 
this ‘knowability’ of data as a crucial step towards other important 
goals such as data literacy and agency around issues of privacy and 
ownership [44]. Without knowing data frst, understanding data’s 
implications might become even more arduous. Yet, knowing data 
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is not a simple task—data are many things at once. In the words 
of Hong, data “serve as evidence but also as objects of mystery. They 
are credited with radical transparency but also generate speculation 
and uncertainty” [60]. We conclude with one last refection from 
Audrey while living with Broadcast: 

“Over the weekend we were paddle boarding in bays of 
salt water. No waves. Clear water. I could see this whole 
other world under me. The sea cucumbers. The algae. 
The fsh. The seals. The starfsh. The sand dollars. All 
just doing their thing as I was gliding above them. And 
just like that I thought of Broadcast and how it’s like a 
similar window into another world. Except the sounds 
are imagined. But it’s still letting me know another 
world is there and it brushes up against my world at 
home.” 

‘Gliding above’ and a ‘window into another world’ are evocative 
metaphors that are perhaps exactly the needed starting points for 
thinking about data as something we live next to in our homes. 
With a multiplicity of open-ended data engagements, we argue that 
each person could come to create these kinds of links with data, 
starting to build rich imaginaries about the intersecting worlds of 
humans and data. 

6.2 Designing with IoT data: Between Illusion 
and Precision 

As a second point of discussion, we refect back on the challenge 
of designing with IoT data while incorporating inspiration from 
scholarly counternarratives about data. Our project displays a com-
bination of ways to navigate the line between illusion and precision 
with data. With Broadcast’s imaginary sounds, we aimed at rep-
resenting data fows through sound. Here, imagination seemed 
to carry a power of representation that allowed visualizing other 
worlds. Discussing the intersection of fact and fction, Wynants 
argues “the power of a text, an image, or a work of art may lie pre-
cisely in its presentation of a worldview” [124]. Yet, Broadcast goes 
one step further by threading these imagined sounds to real data 
trafc from a smart speaker. As a design principle, we prioritized 
grounding imaginative visions of data with technically ‘true’ move-
ment of data. We found that this could be a generative space for 
capturing people’s attention, while also bringing attention to the 
reality of data fows and pointing to existing sociomaterial infras-
tructure where smart speaker data continuously fow. In the design 
process, while we had spent hours conceptualizing, developing, and 
critiquing the imaginary sounds of Broadcast, one of our biggest 
revelations came from the engagement with the locality of WiFi 
networks. Broadcast’s tumultuous debugging process was the result 
of our misunderstanding of the local factors that could infuence 
its workings: we had not anticipated the diferences in WiFi noise 
between homes. We found ourselves in somewhat of a paradoxical 
situation: we had been able to design the imaginative and abstract 
representations of data with a high level of precision (even pre-
scripting the sequence of sounds to be played), and yet for this 
‘show’ or ‘illusion’ to work in the context of a home, we were 
confronted with the invisibility, confusing opacity, and required 
specifcity of WiFi network operation. 

For designers aiming to represent the softer, more humanistic, 
and more ambiguous data of the home, tensions with precision 
might also emerge. As we saw with Soft Fading, maintaining the 
illusion of softness and efortlessness (no attention is needed until 
it is time to open the casing) required problem solving and a high 
degree of attention to the tool’s precision. For the fabric of Soft 
Fading to tell its own story, as designers we had to make sure 
that the data collection instrument we had built was precise, or as 
Wynants proposes: “Fact and fction coincide in this game of make 
believe, meaning that a fctional story can be composed entirely of 
empirical truths” [124]. For Soft Fading, the smallest misalignment 
could undermine months of sunlight collection. 

Finally, breaking the illusion of artifcial intelligence and data 
processing (as with Philbert’s labor in the Data Bakery) opened a 
space for Jena to have another kind of relationship (she described 
it as a pen-pal-esque relation) with the algorithmic systems which 
often analyze and process data. We debated how much Philbert’s 
labor needed to be foregrounded, and, in the end, it was the material 
constraints of the printer, plugs, and WiFi networks that determined 
how much of his labor was visible to the occupant. 

Our design events further contribute to current design research 
discourse by bringing attention to the very material complexities 
of making something inspired by the concepts of ambiguity [51], 
openness to interpretation [102], defamiliarization [9], and non-
deterministic art practices [3]. These material complexities were 
even more amplifed when trying to materialize what STS scholars 
express when theorizing the human labor or material infrastructure 
of data or when critiquing the narrow focus on data’s objectivity. 
For other researchers or designers using IoT data as a material for 
design or who are aiming at creating alternative data engagements, 
we want to foreground this tactic of balancing illusion and precision, 
as for us this was one of the only ways we were able to enact our 
desired design values as well as our theoretical inspirations. 

6.3 About living with the Odd Interpreters 
while making them 

The Odd Interpreters not only weave together illusion with IoT 
data infrastructures and structures of labor, they specifcally did 
this work in the local context of our own homes—further weaving 
another layer of real, material, and social everyday life. We build on 
Loukissas’ idea of engaging with data locally: “More experimentally, 
reading locally can mean imagining how data might be seen in new 
ways, using speculative yet nevertheless locally imagined modes of 
visualization” [75]. Here, we further ask: As design researchers, 
what does it mean to engage with data locally while we are design-
ing and refning artifacts? This local engagement transforms not 
only our understanding of our own data, but of data as a design 
material within a local assemblage. These local—and by extension 
situated and partial—encounters with data also ask that we treat 
the designer, the team, and the home/studio as situated and partial 
as well. 

An important aspect of our methodological approach was to 
have members of the studio live with the three Ois in parallel: at 
the same time, but in diferent homes1. In that way, discussions 

1While living with the OIs had a signifcant impact on how we articulate and understand 
these alternative encouters with home IoT data, we note that future work will include 
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were possible between those living with Broadcast, Soft Fading and 
Data Bakery. The partiality of each view was nicely augmented 
by the other partial views within our group, via our discussions 
and the reading of each other’s flled in refection templates. Simi-
lar to duoethnography [45, 101], we noted moments of diference 
and contrast which allowed us to further refne the qualities of 
the interactions desired in each artifact. This adds a new layer to 
how Neustaedter and Sengers described fast tinkering in autobio-
graphical design: “an extensive period of tinkering with the design, 
making frequent small changes based on what they experienced” 
[83:517]. Here, this fast tinkering was able to change hands and 
include more than one designer’s needs or perspectives (as well 
as home confgurations). This was not only valuable technically 
for our work, but also conceptually as it encouraged extensive 
verbalization of what it felt like to be with the OIs in a home. 

7 CONCLUSION 
In this paper, we presented the Odd Interpreters: three artifacts that 
materialize alternative ways of engaging with Internet of Things 
(IoT) data in home environment. As data materializations, these 
artifacts not only allow occupants to further understand parts of 
their home environments, but also jolt their sense of “knowability” 
towards data beyond existing conventions. By weaving imagina-
tion with precision, and illusion amongst truth, new pluralities of 
encounters and relationships begin to emerge. Together, the OIs 
render experiential some timely critiques and concerns of IoT: in-
frastructure invisibility, assumed objectivity, and hidden human 
labor. Through our RtD practice, we engaged directly in working 
closely with data and building new ontological bridges between 
home, IoT data and human. We hope that this work will further dis-
cussions within the design research and HCI communities around 
how we, as designers and researchers, know data (as plural, lay-
ered, diversifed, part of infrastructures, and enmeshed with human 
labor) and how we embed data in present and future interactions. 
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