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We Cannot Outsource What We Value Most: Toward Deployable
Research Products in HRI

Kayla Matheus
Yale University
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kayla.matheus@yale.edu

Abstract

Human-Robot Interaction (HRI) continues to rely on commercial
social robot platforms to support academic research. Yet again and
again, these systems prove short-lived, inaccessible, or misaligned
with research needs. We argue that this is not an industry problem -

the goals, needs, and constraints of industry are inherently distinct.

Instead, this is a fundamental structural problem in HRI research,
and one that must be solved from within. In short, HRI researchers
must build their own products. In this paper, we trace the recent
problems of industry-supplied robots and frame a new type of HRI
research artifact in response: Deployable Research Products (DRPs),
which bridge the gap between lab prototypes and commercial prod-
ucts. Drawing on mental models from business and innovation
theory, we outline the mindset shifts that HRI must embody to
move towards DRPs. We conclude with three emerging examples
of this alternative path in the HRI community. These projects differ
in scope and approach but share a common thread: to ensure the

longevity of our science, we cannot outsource what we value most.

CCS Concepts

« Human-centered computing — HCI theory, concepts and
models; « Software and its engineering — Open source model;
« Computer systems organization — Robotics; « Social and
professional topics — Computing industry.
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1 Introduction

A primary goal of Human-Robot Interaction (HRI) research is
to understand how robots, and the experiences they enable, can
be designed to support human flourishing. Ours is an inherently
applications-driven field, with the expectation that scientific in-
sights translate into meaningful real-world impact. To study and
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generate knowledge at this level, we rely on robotic systems that re-
flect these real-world contexts. More and more recently, researchers
have turned to commercial social robots to do so.

However, this reliance has come at a cost. A recent review of lon-
gitudinal social robotics studies from 2013 to 2023, most of which
were conducted in the wild to reflect everyday contexts, found
that the vast majority of studies relied on off-the-shelf robots [52].
Nearly half of the 120 studies analyzed used one of five specific
platforms: NAO [9], Keepon [8], Jibo [33], Paro [10], or Pepper [11].
Yet today, four of these platforms - NAO, Keepon, Jibo, and Pepper
- are no longer actively manufactured. In the last decade, we have
witnessed the collapse of multiple industry-supplied robots. The
consequences have been painfully tangible to the HRI community:
hardware has become inaccessible or prohibitively expensive; SDKs,
cloud servers, and developer portals have been shut down with
little notice; and long-term studies have been thrust into uncer-
tainty. At a wider lens, they have revealed a crack in our pursuit of
knowledge: our ability to generate scientific insight depends
on misaligned infrastructures.

In this paper, we argue that the faltering of off-the-shelf robots
for research is not an industry problem - the goals, needs, and
constraints of industry are inherently distinct. Rather, this is a fun-
damental structural problem in HRI research, and one that must
be solved with effort from within. Instead of remaining dependent,
HRI research must find its own way forward towards reusable,
real-world, research-oriented platforms. In other words, HRI re-
search must begin building its own products. These are not
products as in commercial ventures, but as in research products
deliberately designed for real-world inquiry going beyond typical
bench prototypes.

This is admittedly a daunting task — and one that requires re-
imagining how HRI builds and starting to treat engineering efforts
as scientific imperatives. Traditionally, most custom-created social
robots from academia are one-off artifacts or unsuitable for real-
world deployments. To meet this new responsibility, we pro-
pose a new type of HRI artifact that bridges industry pragma-
tism with the distinct needs of academic research. We call this
a Deployable Research Product (DRP). For HRI, a DRP is the simplest
form of social robot platform that is robust enough for real-world
deployment, replicable enough for scientific inquiry, and durable
enough for longitudinal use. While many smaller open-source HRI
projects abound, DRP artifacts go beyond baseline replicability to-
ward product-like stability and real-world interaction potential.
Already, multiple groups have begun in this pursuit, and their sto-
ries reveal the need for a reorientation of HRI around sustainability
beyond novelty.
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To guide the reader through our argument, this paper unfolds
in four segments. Section 2 is diagnostic, exposing the field’s long-
standing dependence on commercial robots and the precarity that
follows when these systems vanish. Section 3 is a provocation —
we must respond to this clear history not by repeating it, but by
taking responsibility for it. Sections 4 and 5 provide constructive
scaffolding towards this responsibility. We first define the DRP
artifact for real-world HRI study, building off recent HCI concepts
and identified needs from HRI use of industry robots. We next
discuss how three frameworks from business innovation theory
prompt mindset shifts required for HRI to develop DRPs. Finally,
Section 6 is motivational. We present current examples from the
community that embody DRP characteristics and principles. They
showcase multiple diverse paths that can be pursued in the face of
industry instability. Our primary aim in this work is simple: to call
for ensuring the science of HRI prospers when the market does not.

2 The Trials and Tribulations of Recent
Commercial Social Robots

The allure of commercial social robots for HRI research is clear: they
arrive polished, with hardware designed for real-world contexts,
often including SDKs or APIs to support software development
without starting from scratch. Their scale also provides a platform
for replication and comparison studies. It is no wonder that we,
as a research community, have flocked to using industry-supplied
robots for scientific inquiry. However, a familiar story persists:
these robots keep disappearing. Or, more precisely, their parent
companies do. When corporate funding runs dry, consumers fail to
materialize, or product lines are reshuffled, the research programs
built around them repeatedly become caught in the middle.

This is not industry’s problem to solve for us. The needs and
constraints of industry are fundamentally different from those of
academia, and the HRI community must acknowledge this fact.
Thus, in this section, we present four brief chronological cases for
industry-based social robot companies that illustrate HRI research’s
problematic dependency. Admittedly, discussion of business needs
and challenges may feel foreign to HRI researchers more accus-
tomed to technical and design dialogue. However, we retain, similar
to Mandel and Ju’s call to the HCI community [50], that research de-
signers and developers must understand the underlying structures
that define their ability to produce good work.

We must be clear: this is not intended as a critique of industry
at-large, the robots, their creators, or the corporations surround-
ing them. We also acknowledge that ’industry’ is not a singular
monolith and that there exists a spectrum of openness of platform
and level of research partnership. There are current on-market ex-
amples that are used in research today (e.g., Misty [7], Furhat [6],
QT Robot [2], TIAGo [12]), and we hope that they can continue to
fill scientific needs. What we wish to illustrate here is a sobering
reality of the underlying vulnerabilities that industry-developed
social robots carry for the research community.

2.1 Keepon (BeatBots, Inc., Wow! Stuff)

Created at Japan’s National Institute of Information and Commu-
nications Technology (NICT), Keepon (Figure 1a) was designed by
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Figure 1: Five industry-supplied social robots in HRI research that
are now discontinued or unsupported. (a) Keepon, (b) Fibo, (c) Vector,
(d) NAO, and (e) Pepper.? Note: Robots are not to scale.

Hideki Kozima and Marek Michalowski to study social engage-
ment with children on the autism spectrum [47]. Its simple, yellow,
snowman-like body and rhythmic “dancing” gestures made it in-
stantly recognizable. A viral 2007 YouTube video turned the lab
tool into a pop-culture icon, sparking the creation of BeatBots, Inc.
and partnerships with major toy retailers (including Toys 'R Us).

BeatBots, Inc. first released the Keepon Pro [17] for research, with
onboard cameras, microphones, and teleoperation. Translating a lab
prototype into a professional system, however, proved prohibitively
costly; each unit sold for the equivalent of $48,000 today. In 2013,
consumer demand drove a collaboration with Wow! Stuff to produce
a $40 toy version. The toy preserved Keepon’s iconic bouncing but
stripped away the sensors and connectivity key to HRI researchers.
As Michalowski noted in an interview [37], “You can do a lot when
you’re building one research robot...It’s a very different thing to
put something in a toy store...we ran into physics and economics
challenges” This same notion is echoed by other HRI researchers
who commercialized a research project (Purrble [42]): "We realized
that certain key features of an ideal long-term research product
needed to be jettisoned from the commercial prototype, in the
interest of cost management and durability.”

To bridge these capability gaps, some researchers turned to hard-
ware hacking and reverse-engineering. With scattered instructions
for tapping into the toy’s I?C bus, adding microcontrollers, and
overriding closed firmware, it was technically possible to make a
“franken-keepon” [55]. Cao et al. from the HRI community further
published detailed hacking instructions and a control GUI for re-
searchers [21], but adoption was limited outside of the developers’
institutions. In our own deployments using hacked Keepons [cita-
tions removed for anonymity], failures were common, from broken
fixtures, uncontrollable motors, and vanishing replacement parts
once production ceased just a year after market release.

Keepon'’s story encompasses a fundamental truth: translating a
research robot into an affordable commercial product demands trade-
offs that can undermine scientific fidelity. Researchers looking to fill
these gaps on their own can struggle in this leftover landscape.

2.2 Jibo (Jibo, Inc)
Founded in 2012 as a spin-out from MIT Media Lab researchers, Jibo
was designed as “the world’s first family robot” [3]. Standing about

“Image credits: (a)(c) Author; (b) Wikimedia Commons, Cynthiabreazeal, CC BY-SA
4.0 (background removed); (d) Wikimedia Commons, Softbank Robotics Europe, CC
BY-SA 3.0; (e) Wikimedia Commons, Softbank Robotics Europe, CC BY-SA 4.0 (crop).



We Cannot Outsource What We Value Most: Toward Deployable Research Products

28 centimeters tall, Jibo featured a three-axis body, an expressive
circular display, far-field microphones, cameras, touch sensors, and
Wi-Fi connectivity. Part of the late 2010s wave of consumer social
robots, Jibo quickly became a high-profile example: it broke records
as the most-funded technology Indiegogo campaign of its time [4]
and appeared on TIME’s 2017 list of “25 Best Inventions” [72]. Ex-
citement from the HRI community at the time was understandably
high. A developer SDK for the robot was released early on, and the
robot’s capabilities were advanced while packaged in a sleek form
factor that could be easily deployed into participant homes at scale.

Yet in 2018, the company shut down after shipping initial do-
mestic pre-orders but canceling international ones [74]. Eisenmann
has detailed the contextual and structural challenges leading to
the company’s shutdown [28]. For one, like Keepon, development
and unit costs were substantially greater than anticipated when
translating from a bench prototype. Perhaps more fateful, however,
was the arrival of the Amazon Echo in 2014, which reframed public
expectations of “social” technology at a fraction of the price. To
HRI researchers, Jibo’s embodiment, expressivity, and sensor suite
were incomparable; to consumers, it appeared newly redundant
and lacked a clear use case [13, 39, 57].

While the public pre-order campaign was not fulfilled in comple-
tion, multiple research groups had already obtained Jibo hardware
and the SDK. The shutdown of the parent company led to the clo-
sure of cloud servers and prevented critical updates to the early and
iterative technology stack. As a result, researchers had to modify
the robot’s hardware and software due to limited access to core
sensing and difficulty networking the robot to additional devices
and cloud services [43, 67]. The Jibo story is similar to Keepon in
that both robots came from HRI research efforts and faced difficulty
with cost logistics and short lifespans on the market. However, it
reveals a further truth: consumer attention is a fickle beast and can
quickly diverge from what researchers hold dear.

2.3 Vector (Anki, Digital Dream Labs)

Released in 2018 by Anki, Vector [34] quickly became a recogniz-
able face in HRI studies—from long-term home deployments [79],
to companionship development [76], and user perception investi-
gations [46]. The palm-sized robot featured a rolling base, animated
OLED eyes, a camera and microphone, and cloud-connected speech
and Al capabilities. Anki itself, founded in 2013 by Carnegie Mellon
Robotics Institute alumni, aimed to bring artificial intelligence to
everyday life through approachable consumer products [23].

For researchers, Vector was a gift: affordable, expressive, easily
portable, and well-documented through an open SDK that made
larger-scale studies theoretically feasible. But in 2019, barely a year
after launch, Anki abruptly shut down due to fundraising challenges
[70]. This unexpected collapse created immediate uncertainty for
HRI researchers. For instance, Tsoi et al. were unsure how long
support for the robot would continue and if robots deployed longi-
tudinally in participant homes would suddenly cease to function
[77]. The team also faced issues with networking, the mobile ap-
plication, and hardware modifications, stating: "We attribute these
challenges to the robot being designed as a consumer product, not
as a development platform.”

in HRI
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To its credit, Anki temporarily kept cloud servers online and
communicated with researchers even after closing [24], a rare act
of goodwill. Hope briefly resurfaced in 2020 when Digital Dream
Labs (DDL) acquired Anki’s assets and pledged to revive manufac-
turing, restore cloud access, and expand the SDK [25]. Reality was
harsher: cloud services went offline for over a year, the SDK was
nonfunctional, and customer complaints eventually culminated in
a 2024 lawsuit by the Pennsylvania Attorney General for fraudu-
lent charges and unfulfilled promises [38]. New developments from
DDL have stalled as a result.

Like Keepon and Jibo, Vector came and went on the consumer
market rapidly. However, unlike single-product startups, Anki has
two previous successful product lines and established manufactur-
ing and marketing pipelines. We note that even seemingly successful
consumer robots on the market can disappear abruptly. Furthermore,
even the best laid plans to support researchers can also quickly
crumble in the face of financial and corporate volatility.

2.4 NAO and Pepper (Aldebaran, Softbank
Robotics, United Robotics Group)

In contrast to Vector, Jibo, and Keepon, whose market lives were
brief, NAO and Pepper have been fixtures of HRI for over a decade.
NAO, a small tabletop humanoid introduced in 2007, offers a small
but expressive platform with cameras, microphones, tactile sen-
sors, and speech synthesis [31]. Pepper, introduced in 2014, is a
larger humanoid with expressive motions, a touchscreen chest, and
cloud-based Al integration, marketed as an “emotional robot” for
public-facing roles [63]. Together, they have deeply shaped an era
of HRI research, appearing in hundreds of studies across educa-
tion, eldercare, autism therapy, cultural adaptation, and workplaces
[16, 48, 52]. Yet, in June 2025, parent company Aldebaran announced
that it was shutting down due to bankruptcy, leaving the field’s
most widely used robots without support [26].

Originally founded in France in 2005, Aldebaran developed NAO
in response to Sony’s discontinuation of the Aibo robot and the need
for a new standard RoboCup platform [31]. Its success made NAO
a laboratory staple: small, programmable, and relatively afford-
able. In 2012, SoftBank acquired Aldebaran and launched Pepper to
commercialize humanoid interaction at scale. Pepper appeared in
airports, banks, and advertisement campaigns, but struggled with
unclear use cases and unmet interaction expectations [41, 56, 80]. By
2021, production had halted due to financial losses from Pepper, and
SoftBank sold its robotics division to United Robotics Group (URG),
which rebranded back to Aldebaran. URG/Aldebaran promised to
continue support for NAO and Pepper until 2026 [29] — a promise
that would go unfilled.

Despite this long tenure, NAO and Pepper saw very few product
upgrades over 15 years, leading to many known issues stagnating.
Amirova et al. [16] reviewed more than 300 NAO studies between
2010 and 2020, finding recurring issues such as outdated sensors,
poor speech recognition, overheating, and fragile batteries. Others
have reported similar fragility limiting deployment (e.g., [18, 66]).
For researchers, this creates a tension between aging and lagging
systems, but ones that are deeply embedded in research practices.
Under more normal circumstances, the parent companies of these
robots would likely have iterated and released upgrades. However,
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multiple corporate reshufflings and profit pressures became higher
priorities. Without open systems that developers can upgrade them-
selves, HRI researchers have been left waiting.

The story of NAO and Pepper is quite distinct from Vector, Jibo,
and Keepon in its longevity and reach. What we can now see is
that longevity and scale in industry do not guarantee stability or
innovation for future HRI research. For the HRI community, the
question now is not which company will fill the gap left behind -
but whether we should keep waiting for one at all.

3 The Responsibility of the HRI Research
Community

Together, the above stories make one thing clear: we cannot be
surprised when the next industry-provided social robot goes under.
The question we must ask ourselves is: how much are we willing
to be complacent in the continued repeat of history?

We could, of course, remain with the status quo and continue
to rely on whatever systems the market happens to offer at the
time. Despite volatility and divergent goals, these products are
tempting. What better way to study real-world HRI than with real-
world devices designed for real-world contexts? And who is best
equipped with the resources and know-how to build such products?
HRI researcher time is far better spent focusing on fieldwork than
on building new hardware and software from the ground up. It
is well established just how high effort and difficult [35, 65] such
endeavors are. Let our community focus on insight generation and
let others deal with such difficulties.

Yet, this mindset turns a blind eye to the histories of Keepon, Jibo,
Vector, NAO, and Pepper. They remind us that the foundations of
our field are often built on borrowed platforms optimized more for
sales cycles rather than scientific continuity. With such divergent
needs, academia could turn entirely away from industry. However,
this approach ignores the inherent nuances of how the two entities
are inter-twined. Industry has already mastered much of what
research needs for scalable, real-world robot development. It also
plays a heavy role in consumer perception of social robots, which
impacts downstream HRI research. Symbiotically, much of HRI
research seeks to provide bottom-up insights that can drive better
integration and adoption of real-world social robots. Fundamentally,
both industry and academia share a common vision: enabling robots
to play meaningful roles in everyday life.

Instead, we argue for an approach that radically acknowledges
these divergent needs and realigns responsibility. The overarching
lesson from the cases in Section 2 is not that industry has failed,
but that research cannot depend on commercial trajectories alone.
To generate durable knowledge about robots in daily life, we must
take responsibility for building research-ready systems ourselves. It
bears stating again: HRI research must start building its own products.
The challenge and responsibility before us is not to become industry
(or avoid it), but to learn from and adapt its lessons to our needs.

By “products,” we do not mean commercial offerings themselves
but research artifacts that strive towards similar levels of durability,
completeness, and usability. At the same time, these artifacts should
be grounded in what we value most as researchers. More than just
outlining the fragilities of social robots in industry, the stories from
Section 2 highlight what HRI researchers actually require:
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(1) Long-term accessibility to ensure continuity beyond the lifes-
pan of any one company.

(2) Affordability at scale so that multi-site and longitudinal stud-
ies are feasible.

(3) Full control across the stack to adapt and instrument systems
for scientific goals.

(4) Robustness and reliability in-the-wild for extended use in
homes, schools, and clinics.

(5) Hardware openness and modifiability to support creativity,
hacking, and replication.

(6) A community of support that can come together for mainte-
nance and best practices.

Many of these needs are echoed across prior HRI literature inves-
tigating or reflecting on tools for longitudinal, in-the-wild study. For
instance, Fraune et al. note that the available set of robot function-
ality limits what researchers study with users, and that restrictions
on closed hardware and software make in-the-wild study especially
difficult for long-term applications [30]. Bu et al. describe the re-
quired robustness and infrastructural support systems required for
in-the-wild deployments [20]. Jung and Hinds discuss the need for
more study with a larger array of real-world, in-context situations
[44]. Gunes et al. describe, through the lens of reproducibility, how
commercial robots are expensive and rigid and generally suggest
using more modular robot kits and custom designed robots in re-
search [35]. It is clear that the status quo is not working and that the
outstanding needs of HRI researchers are repeatable and pervasive.

In the following section, we propose a way forward through the
framing of a new type of HRI artifact: Deployable Research Products
(DRPs). Building on theoretical and practical work from HCI, we
position the DRP between open-source robots and commercial
systems, striving for a balance between researcher control and real-
world robustness. Building such artifacts, however, is a challenging
and exploratory pursuit. In Section 5, we explore how established
mental models from innovation and business theory can help HRI
adopt product-like thinking without commercializing its aims.

4 Framing a New HRI Artifact: Deployable
Research Products

When we speak toward HRI researchers building their own prod-
ucts, we do not mean a product sold for a profit. Rather, we mean
a robotic system that is intentionally product-like: self-contained,
robust in the field, and with enough perception and interaction
fidelity to be treated by participants in real-world ways.

The concept of a research product has been recently explored in
HCI, but it is scarce in HRI, limited to describing the development
of a commercial product from research [42]. Odom et al. originally
differentiated between a research prototype and a research product,
with the product as a natural and mature extension of the prototype
[60]. A research product is described as an artifact that no longer
merely represents a concept but instead embodies a design inquiry
and can circulate within everyday contexts. Odom et al. outline
the following four qualities in HCI research products: (1) Inquiry-
driven — created to investigate a research question rather than to
serve an immediate user or market need; (2) Finish — built with a
completeness and robustness that allows authentic use in everyday
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life; (3) Fit — situated within real social or material contexts, engag-
ing actual practices and environments; (4) Independent — able to
persist and produce meaning outside the presence of the researcher.
Boucher has additionally discussed the role of scale, including the
ways that production volume, fabrication method, and distribution
strategy affect what a research product can reveal [19].

These notions have inspired numerous physical HCI research
products (e.g., [32, 40, 61]) and discussion of artifacts that span
varying levels of fidelity and real-world applicability [69]. Over-
archingly, these HCI practices and concepts are very well aligned
with the new responsibility that the HRI community faces (Section
3). The characteristics of finish, fit, independence, and scale directly
address the needs HRI researchers seek in consumer robots, while
remaining inquiry-driven describes the core tensions in using them.

However, there are also distinct factors to consider when build-
ing social robotic research products. While HRI shares conceptual
roots with HCI, a robot’s embodiment, social interactions, and au-
tonomous systems introduce unique and complex technical and
design challenges [15, 49]. The mode of inquiry with a research
product also becomes distinct. A research product in HCI is of-
ten described as the end goal or outcome of the Research through
Design process or other designerly ways of knowing [60]. In HRI,
the research product need is for reusable and replicable systems
to generate a wide range of scientific insights. Rather than the re-
search being done through the creation of the product, the research
becomes enabled by it. The openness of the system thus becomes a
crucial component for long-term applicability.

Building upon the principles of HCI research products and ad-
dressing the unique needs of the HRI community, we propose a
new class of HRI research artifact: deployable research products
(DRPs). DRPs operate in a unique balancing act between shorter-
term, lower-fidelity lab prototypes and closed commercial social
robots (Figure 2). They strive towards research-grade systems inten-
tionally engineered for sustained, real-world use, while remaining
accessible for adaptation and study by other researchers. HRI DRPs
encourage this complex, real-world use by being:

(1) Robust: The hardware and software stacks are durable enough
for autonomous, in-the-wild, longitudinal use in everyday
environments.

(2) Unified: The robot system is packaged as a unified, enclosed
system for social interaction, rather than as a collection of
sensors or I/Os.

(3) Contextual: The robot system provides common baseline
features and functionality that may be expected by users in
everyday contexts.

While remaining flexible for research needs and enabling commu-
nity support for longevity:

(4) Open: The hardware and software are fully open and func-
tionally accessible beyond the initiating research group.

(5) Adaptable: The robot system is not only open, but also is
designed to be adaptable by researchers through modularity,
hackability, or peripheral tools.

(6) Reproducible: The robot system can be easily built or ob-
tained by external groups and includes core infrastructure
for deploying robots en masse for study.

in HRI
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Figure 2: Deployable Research Products (DRPs) occupy a concep-
tual space between academic prototypes, open source kits, and
consumer products. They are research-grade robotic systems in-
tentionally engineered for sustained, unsupervised, real-world use,
while remaining adaptable by researchers.

Together, these qualities delineate a differentiated design and de-
velopment space for HRI artifacts. In practice, DRPs will emphasize
more or less of these characteristics, but together they represent a
conceptual ideal. HRI DRPs can be distinguished from other types
of social robot artifacts through this lens. Prototype robots are typ-
ically faster to produce, lower-fidelity, and aimed at one or a small
handful of studies. They are also more likely to be deployed with
external components for data collection than as a single, unified
package. Open source robotics kits are also less likely to be unified
but seek to reach larger audiences through reproducibility. How-
ever, they may not always carry the robustness or support needed
for more longitudinal, in-the-wild deployments. On the other end
of the spectrum, commercial products used in HRI research often
carry this robustness, but they are closed and less research-flexible.
The vision with DRPs is for open and adaptable systems that remain
robust and designed for real-world contexts.

5 Toward DRPs with Mental Models from
Industry

Building towards DRPs is non-trivial. The pursuit demands the syn-
thesis of engineering rigor, design sensitivity, and scientific framing
— within academic systems that often reward novelty more than
longitudinality. Doing so raises a practical question: how can a
research community with limited resources, short project time-
lines, and high turnover adopt the practices of long-term product
development without losing sight of core scientific goals?

To make this shift more attainable, we look beyond academia and
borrow conceptual tools from innovation and product-development
theory. In short: how can HRI think like an industry company that
builds for the real world—without becoming one? We highlight
three mental models (Figure 3): exploration versus exploitation, the
minimum viable product, and crossing the chasm. These frameworks
were originally developed to help companies navigate uncertainty,
balance investment strategies, and scale technologies beyond early
adopters. We situate each model within a recurring tension in HRI,
highlighting needed mindset shifts for developing sustainable DRPs.

5.1 Exploration vs. Exploitation

Similar to the exploration-exploitation paradigm in artificial intelli-
gence, the exploration-exploitation framework in industry describes
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WA

Minimum Viable Product

&

Exploration vs. Exploitation Crossing the Chasm

Figure 3: Three conceptual framings adapted from business and
innovation theory to guide DRP development: balancing Exploration
vs. Exploitation, (2) developing a Minimum Viable Product, and (3)
Crossing the Chasm in the community.

the balance between pursuing new ideas and markets versus re-
fining and scaling what already works [51]. Mature companies
often struggle to balance the two: over-exploring leads to endless
prototypes with no revenue, while over-exploiting leads to stag-
nating offerings. Finding the balance depends on the stage of a
company and the resources available to pursue an ambidextrous
[36] approach to continue exploration during exploitation.

Academic HRI has historically over-indexed on explo-
ration, given the need for novelty in scientific contribution.
This has led to a proliferation of one-off prototypes, bespoke soft-
ware stacks, and custom study-specific implementations that are
rarely maintained or shared beyond initial data collection. This
mindset also leads to the under-valuing of the core, necessary pro-
cess elements of exploitation. Namely: investing in robust infras-
tructure, applying modern engineering best practices, and creating
and maintaining truly reusable artifacts beyond a single lab.

Recent initiatives toward open-source artifacts and replicability
mark important progress. However, these efforts often remain ex-
ploratory with limited uptake, and they are often viewed as smaller
contributions. For DRPs to thrive, the HRI community must shift
towards an ambidextrous academic mindset. This is one that val-
ues and incentivizes the lower-level, mundane infrastructure
work required to transform exploratory prototypes into re-
liable research platforms. Without such engineering, the HRI
community will continue to find itself in a cycle of dependence on
unstable commercial products.

5.2 Minimum Viable Product (MVP)

The minimum viable product (MVP) concept emerged from lean-
startup and agile-development movements and is common both
in industry circles and out. It refers to the simplest version of a
product that delivers core value and enables rapid feedback loops
[68]. Its goal is not polish but validated learning and fast iteration.
Successful companies treat MVPs as living experiments that evolve
toward market fit while minimizing wasted effort. In effect, the
MVP ensures exploration feeds exploitation efficiently.

While this concept may sound like it already aligns well with
existing HRI research practices, the reverse is true for DRP devel-
opment. Whereas MVPs in industry address a tendency to
over-build before release, academia often underbuilds. One-
off prototypes developed in the lab are often able to compensate for
lower levels of fidelity with quick hardware fixes and researcher
oversight. DRPs, however, require a higher bar of autonomy and
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must consider the needs of everyday contexts. For instance, a DRP
must consider elements like how easily the robot can be plugged in,
how a user can monitor the robot’s status or reset it, or how users
can move the robot around in their homes or workplaces.

In these ways, the HRI community must consider carefully what
“minimum” means in specific contexts. To preserve resources, DRP
development should aspire to “just robust enough” to be deployed
in-the-wild for long enough to produce meaningful data — but need
not seek multi-year warranty levels. At the same time, the bar must
be raised to deploy systems that can appear and interact more like
finished products than most open-source robots.

5.3 Crossing the Chasm

In innovation theory, Moore’s “crossing the chasm” describes the
gap between early adopters and mainstream users of a product
[58]. Many promising technologies fail here, not because they lack
merit, but because the expectations on either side differ radically.
Early novelty-seekers tolerate imperfections, whereas mainstream
users expect reliability, polish, and support. The way to cross this
chasm is to focus on building a "beachhead market.” Rather than
trying to appeal to everyone, the company should identify a small,
well-defined segment where the product can achieve clear success.
Then, that success story buoys further expansion. This approach
requires intentionally building out the whole product”; not just
the product offering itself, but the documentation, onboarding, and
support ecosystem to make it accessible.

With regard to crossing the academic chasm, the approaches
described in industry are directly translatable. There are two main
takeaways for developing HRI DRPs. First, researchers must care-
fully consider the layers beyond just the core robot and hu-
man-robot interaction. Peripheral needs such as onboarding
processes, remote maintenance, and preference controls are vital to
DRPs success. The same is true for infrastructure that enables other
researchers to adapt and sustain the system (e.g., documentation,
templates, dashboards, data logging). In many ways, DRP creators
must have as much empathy for developers as for end robot users.

Secondly, crossing the academic chasm requires a deliberate fo-
cus on community-building and shared stewardship. It is very
challenging for a single lab to have the time, funding, or continuity
to maintain a complex social robot platform over years. Sustain-
ing a DRP therefore demands a distributed model of collaboration.
This likely includes collaborating with industry experts, co-creating
within the greater HRI community, and finding early traction in
the open-source community.

6 Emerging Efforts in HRI DRPs

Developing HRI DRPs should not follow a one-size-fits-all template,
even while following industry mental models. Real-world contexts
are plentiful, and thus our artifacts must be too. Already, multiple
groups are testing this terrain, navigating trade-offs among open-
ness, reproducibility, and durability in different ways. In this section,
we discuss three example projects as inspiration that paint this di-
versity. For instance, Quori (Section 6.1) shows what can emerge
from collective design toward a shared, replicable humanoid plat-
form. Ommie (Section 6.2) traces the opposite path—translating a
single-lab prototype of a unique HRI modality into a deployable,
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field-ready system. The Jibo Research Platform (Section 6.3), in
contrast, demonstrates how defunct commercial hardware can be
reclaimed and extended for academic use.

Each of these examples embodies working towards DRPs in their
motivation and approaches. Their stories can certainly serve as
inspiration to those eager to build DRPs. Just as important, though,
is sparking reflection on how each member of the HRI commu-
nity might support the ecosystem that can enable these types of
aims. We also note that there are other active, adjacent efforts (e.g.,
Blossom [73], Shutter [75], FLEXI [14]) that share similar goals of
accessibility and community reuse. While these efforts don’t meet
all of the criteria described in our proposed artifact framing, their
future work goals describe moving towards these characteristics,
further showcasing the applicability of DRP framing and pursuit.

6.1 Quori 1 and Quori 2

Quori, introduced originally in 2015, is one of the first explicit
attempts to build a social robot as a collective rather than as a single
lab. Funded by the U.S. National Science Foundation and developed
across several universities, the project was directly motivated by
the lack of affordable, replicable, and expressive robots available
for HRI research [71]. To inform the platform’s design, the team
garnered early survey responses from over 80 researchers across
the community, followed by four research workshops that engaged
dozens more with iterative co-design. Together, these efforts form
an unusually transparent, community-driven process.

To meet their identified needs, the team made multiple develop-
ment trade-offs [71]. For instance, eliminating expensive actuation
where possible while preserving key expressive capabilities through
projection and lightweight degrees of freedom. In line with the MVP
mindset, these reductions sought to preserve the illusion of social
presence while ensuring replicability and field robustness and mini-
mizing costs. Support from a U.S. National Science grant enabled the
replication of ten Quori 1 units sent to ten different research labs [5]
— the project’s own “beachhead market.” The grant also supported
the production of a suite of software tools built in collaboration
with industry partners. These "whole product” tools modularized
core capabilities such as speech, gesture, attention, and animation
through a developer API and included tools for non-programmers
to lower barriers to entry.

These efforts, along with further workshops and documentation
efforts [1], have led to multiple research studies performed with
the Quori 1 robot [27, 45, 59, 78]. At the time of writing, the team
is currently developing an updated Quori 2 robot in collaboration
with industry partners to apply core lessons from the first gener-
ation. The project’s trajectory as a whole is a unique example of
crossing the academic chasm through shared stewardship. Achiev-
ing a decade-long lifespan across multiple institutions and grant
cycles is no easy feat within academic contexts.

6.2 Ommie Prototype to Deployable System

Unlike Quori’s multi-institutional, grant-funded effort, the Ommie
robot began as a lab experiment at Yale University that the au-
thors first introduced in 2022 to support individuals with anxiety
[54]. The robot features a unique HRI modality: users place their
hands on the robot’s body during haptically-guided deep breathing.

in HRI
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(a) The Quori 1 Robot (b) The Ommie Robot

(c) The Jibo Research Platform

Figure 4: Three emerging examples of DRP development within HRIL
(a) Quori, a collectively-designed humanoid emphasizing replica-
bility; (b) Ommie, a single lab prototype evolved into a field-ready
system; and (c) The Jibo Research Platform, which extends discon-
tinued hardware.*

Initial studies [22, 53] have shown in-the-wild therapeutic benefit
with single sessions. To show sustained behavior change and other
longitudinal impacts, however, the robot required significant up-
grades across both hardware and software. Over the past year, with
industry guidance sponsored by a nonprofit organization (Semio
Community), we have translated the initial prototype into a fleet of
home-deployable systems. Effort has been taken to develop not just
for the next study, but also toward an adaptable and robust DRP.

Notably, the exterior form factor and core interactions of the
upgraded robot remained, ablating any traditional HRI notions of
novelty. Instead, all changes were exploitation-minded develop-
ments in the mechanical, electrical, architectural, and deployment
systems. For instance, the robot’s breathing mechanism was re-
designed to specifically withstand sustained use, while the robot’s
assembly and disassembly process was reconfigured for ease of
replication by non-professionals. A comprehensive autonomy sys-
tem modularized and configured all lower-level I/Os, middle-layer
behaviors, and higher-level states. The team also future-proofed the
entire software stack by upgrading to the latest standards and best
practices (e.g., ROS2, Zenoh middleware, Raspberry Pi 5, Android
Kotlin, etc.). While these efforts were not strictly necessary for the
robot’s next study, this was an active investment in longevity and
accessibility for future researchers.

Deeper consideration of home contexts and product expectations
was a part of DRP consideration. For instance, sensory intrusive-
ness became an unexpectedly important factor (i.e., how errant, or
even proactive, lights and sounds might negatively disrupt a user
in private space). Minimizing light and sound pollution from off-
the-shelf components required low-level firmware modifications,
part swaps, and physical light gasketing. The team also sought to
provide users with expected methods of consumer product control,
requiring ground-up development of status indicators and reset
buttons, edge case communications, and a wireless companion ap-
plication. Not all these features are perfect in their execution, but
they enable MVP-level, more real-world user interactions.

The described process has been slow and unglamorous. It is also
at a much earlier stage compared to a project like Quori. To turn

“Photo credits: (a) Wikimedia Commons, Mary Mark Ockerbloom, CC BY-SA 4.0. (b)
“Ommie: A Social Robot for Deep Breathing and Anxiety Reduction” [54], CC BY 4.0.
(c) “Deploying a Robotic Positive Psychology Coach to Improve College Students’
Psychological Well-Being” [43], CC BY 4.0.
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Ommie into a DRP for outside labs requires technical refinement,
community engagement, and individual commitments to steward-
ship. However, these efforts have the potential to shepherd a robot
with a unique interaction modality into a sustained platform.

6.3 Jibo Research Platform

While Quori and Ommie represent custom hardware systems de-
veloped fully within academia, the Jibo Research Platform [64]
illustrates an alternative path towards DRPs — reclaiming dormant
industry artifacts. Following Jibo Inc’s 2018 shutdown, members of
an MIT team negotiated access to a research license and undertook
a multiyear effort to re-engineer the robot’s software and hardware
for academic longevity. This approach aligns with what Mandel and
Ju describe in HCI as “designing with what remains” [50]: leverag-
ing existing consumer hardware for new practical purposes. This
method also avoids the need for extensive ground-up hardware
engineering, which is a rare skill in the current HRI community.

Park et al. [64] describes how the research team has extended
multiple parts of the robot’s hardware and software, inspired by
internal work showcasing that a major barrier to collaborative re-
search is the lack of a shared community platform [62]. On the
software side, the group migrated core functionality to ROS, added
configurable local and cloud integrations, and introduced graphi-
cal interfaces that allowed non-programmers to author behaviors.
To extend the robot’s hardware for research needs, the team de-
signed a physical docking station with an attached touchscreen,
additional higher-resolution camera, and extended compute capac-
ity. This effort created a self-contained research rig, which, paired
with fleet management tooling and documentation, enabled easier
longitudinal, in-the-wild deployments.

These changes are the exploitation mindset at full work: refining
and extending a proven artifact rather than inventing a new one.
Equally important, and similar to the Quori team, the Jibo team
has sought intentional ways to engage with community building. A
recent conference workshop provided "whole product” tools, docu-
mentation, and knowledge sharing for researchers outside of the
internal Jibo team [64]. One remaining hurdle is providing access
to the Jibo hardware at-scale. Future work is planned to tackle such
distribution, as well as provide further support for the HRI commu-
nity. If this becomes possible, what was initially a source of pain
and whiplash will be transformed into a platform of resilience and
persistence. We can observe from all of the examples in this section,
but particularly from that of Jibo — perseverance and endurance are
paramount qualities when it comes to the development of DRPs.

6.4 A Note on Practical Precursors

The emergent examples described above chart three distinct paths
toward DRP creation. Yet, they share two practical precursors that
cannot be ignored: funding and engineering. All three cases navi-
gated funding in nontypical ways: Quori with a unique, large NSF
grant targeting this kind of work, Ommie with nonprofit support
in tandem to internal funding, and the Jibo Research Platform with
free access to large amounts of spare hardware. Similarly, each
of these cases cultivated unique access to engineering resources.
Quori hired a professional robotics development firm, Ommie’s pri-
mary researcher holds a decade of industry experience, and the Jibo
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Research Platform internal team includes expert staff technicians
beyond student researchers.

In practice, traditional HRI lab funding alone is unlikely to be
able to support robust DRP creation. Furthermore, the lower-level
engineering skills required are rarely present or incentivized in
academic environments. We acknowledge these facts as real, im-
mediate constraints. However, we find it critical that rather than
waiting for our environments to change, we must seek to change
them ourselves. The first step is in acknowledging this responsi-
bility (Section 3). The second step is in framing a clear, actionable
goal (Section 4). Acting on this goal requires critical, collective
dialogue on the creative and entrepreneurial ways in which we can
solve practical needs for DRP creation — whether by following the
models presented above, or in forging new ones. Such investment
will benefit not only the community but also individual labs them-
selves; building a DRP grants the developer the scientific privilege
of designing a robot to fit research questions, rather than fitting
research questions to the constraints of what already exists.

7 Conclusion

The field of HRI continues to build its science atop unstable foun-
dations. Our reliance on volatile commercial robots has left our
methods, data, and knowledge precariously tied to market cycles.
We argue that this is not an industry failure but a research responsi-
bility — and one that demands we start building our own products.
To meet that charge, we introduced the concept of the Deploy-
able Research Product (DRP): a class of research artifact designed to
bridge prototype and product, embodying real-world interaction
capacity with openness and reproducibility as scientific values. To
develop towards DRPs, we must look outside ourselves and bring
lessons from industry within.

In the preceding section, we showed how three projects each
have begun to take up this call in distinct ways. Across them, we
see common threads of endurance, openness, and community stew-
ardship emerging as forms of innovation. Yet, we are just beginning
to explore what it takes to build and maintain DRPs and many open
questions remain. How might DRPs be accelerated, or pushed aside,
by rapid advances in AI? Is engaging with industry always neces-
sary for DRP development? How can research groups build DRPs
when funding for the sciences has recently precipitously dropped?

While the questions are many, what is clear is that endurance
cannot be left to chance. The future of HRI depends on how deliber-
ately we build and sustain the tools of our own science. Ultimately,
DRPs are not merely sturdier robots; they are a statement of values
and a collective refusal to let our methods vanish when the market
moves on. In short, we cannot outsource what we value most.
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