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Abstract
In this paper, we critically examine the current “humanoid hype” 
in robotics, questioning its alignment with responsible robotics 
principles. While technical challenges drive internal fascination, 
the pervasive public image of humanoids demands deeper HRI 
engagement. We explore how responsible robotics concepts, such 
as privacy, dignity, and trust, are uniquely challenged or overlooked 
in the pursuit of anthropomorphic robot forms. By dissecting this 
hype, and mapping the main findings of the recently-published 
Roadmap for Responsible Robotics to the humanoids field, we aim to 
move beyond technical form-factor obsessions to understand the 
true societal implications and identify potential blind spots for the 
HRI community.

CCS Concepts
• Computer systems organization → Robotics; • Human-centered 
computing → HCI theory, concepts and models.
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1 The Allure of Humanoids: Public Fascination 
vs. Pragmatic Reality

There is a temptation for roboticists and Human-Robot Interac­
tion (HRI) practitioners to believe there should be more robots–
including very human-like ones–in the society of tomorrow [21]. 
Riek and Irani call out five arguments underlying this position, in­
cluding that “the jobs being automated are undesirable,” that “labor 
shortages necessitate automation,” and that “automation will give 
us all more leisure time” [31]. Investment in highly anthropomor­
phic robots or humanoids that piggyback on the global AI race, 
provides significant impulse to these arguments. Indeed, a grow­
ing number of voices now argue that we need to build and deploy 
humanoids, as opposed to robotic systems without human form 
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or characteristics–because: (a) a human-like form is most efficient 
for building robots that can perform undesirable or short-staffed 
human jobs in human work environments [5, 32]; (b) humanoids, 
unlike non-humanoid robots, represent general-purpose systems 
that can do everything that humans can do [18, 26]; and (c) hu­
manoids are a kind of “physical-AI” that can unlock the next stage 
of the global AI race that has previously been limited to text and 
image data and generation [19, 27, 32]. As we outline further below, 
fueling this line of thinking is an impressive amount of both public 
and private investment.

In this paper, we question this logic. We analyze the hype over 
humanoids and propose how to view these anthropomorphic ma­
chines through the lens of ‘responsible robotics’, drawing on the 
recently published Roadmap for Responsible Robotics [7]. In doing 
so, we point to critical issues that need to be understood and ac­
commodated in robotics and HRI [11]. Our paper is a call to action 
for HRI practitioners to be more conscious of the way we navi­
gate the hype around humanoids; if we can deeply appreciate the 
importance of undertaking ethical evaluations at the outset and 
learn from its results, then our collective efforts in robotics might 
do more good than harm.

Much of the robotics community (and certainly the HRI com­
munity) still primarily understand the term humanoid as signifying 
a form factor of a robotic platform and the associated engineering 
challenges (e.g., locomotion, manipulation). In HRI, what makes 
a robot considered to be a humanoid is its degree of anthropo­
morphism, which is determined by a combination of four morpho­
logical factors–surface appearances (e.g., presence of humanlike 
skin or hair/eyelashes), body-manipulators (e.g., presence of torso, 
hands, fingers), facial features (e.g., eyes, mounth), and mechanical 
locomotion (e.g., wheels, treads) [30]. This is independent of the 
functionality that a robot may have or signify.

Humanoid robotics, a subfield of robotics, has been focused on the 
engineering challenge of matching the humanlike appearance of a 
robot with the functionality that it signals [37]. A representative 
conference in the subfield, the IEEE International Conference on 
Humanoid Robots, has been around since year 2000 [2]. For the last 
two decades, the subfield has always been a testbed for complex 
control algorithms, especially on locomotion and manipulation. 
Competitions such as RoboCup [3], a robot soccer competition 
involving bipedal systems, and DARPA Robotics Challenge [1] have 
historically supported and celebrated engineering advancements 
in the domain.

But in today’s 2025 collective psyche, the word humanoid now 
embodies more: the promise of a robot that is general-purpose and 
generally useful. This semantic shift has been fueled by a combi­
nation of technical advancements, media portrayals, and business-
driven storytelling.

1.1 Humanoids as the Original “Robots”
The fascination with humanoids in the Western culture traces back 
to the 1920s play R.U.R. or Rossum’s Universal Robots [10] by Karel 
Čapek, a playwright known for societal satire. The play is often 
credited as the origin of the word, “robot.” In the play, some busi­
nessmen create a factory that builds artificial beings (robots) out of 
chemical synthesis and electromechanical systems. The robots in 

the story are intentionally made to be highly anthropomorphic–in 
fact, there are no mentions of other types of robots such as ro­
bot dogs. The characters’ hope in making robots mirrors some of 
the dominant arguments for robotics today–including that robots 
will perform work better than humans while relieving people of 
burdensome toil.

As Christoforou and Müller notes in their reflection of R.U.R [12], 
much of the societal issues depicted in the story applies to the mod­
ern society: Robot production is rather monopolized; Governments 
become interested in humanoids for military purposes; There are 
concerns about the sovereignty of the robots where each country 
seeks to have their own national (rather than universal) robot.1 
The story ends as a tragedy where the robot makers do not regret 
having made them, even as robots end their lives and the civiliza­
tion. In a similar vein, the classic movie Metropolis (1927) depicts 
an evil robotic copy of a woman who fought for workers’ rights in 
a dehumanizing system.

These are, of course, stories. However, given the eerie amount of 
commonality the 1920s play seems to have with the societal reality 
of today–over a hundred years later–, we agree with Christoforou 
and Müller that proactive approach to consider robot ethics is the 
most promising strategy for the society.

1.2 The Humanoid Hype
As some roboticists have publicly expressed, it is at least arguable 
that humanoids are not the ideal to solve human problems and 
needs (e.g., [9]). Yet, humanoids are one of the most active and 
heavily invested technology fields of today. In terms of trajectory, 
it is even outstripping the investments in emerging technologies 
such as autonomous vehicles2 and even AI after the public launch 
of foundational AI models via ChatGPT in November 2022. Some 
estimate that humanoids represent a $5 Trillion USD market [26]. 
Governments have been aggressively supporting the private sec­
tor to be competitive in this market: In 2023, China’s Ministry of 
Industry and Information Technology announced its ambitions 
to have two to three Chinese companies be global leaders of the 
industry by 2025 [6]; in 2025, the South Korean government an­
nounced its investment of 1 Trillion KRW (approx. $710M USD) 
toward making the country “the world’s strongest country in the 
field of humanoid” [38]. The global race towards “physical-AI” is 
on [19].

Such mismatch between the over-enthusiasm or heightened ex­
pectation about a technology and the technology’s maturity/readi­
ness level is what characterizes a hype [16]. While the aforemen­
tioned commercial and pragmatic arguments for humanoids have 
existed in the past, several important factors have changed in the 
last few years that set the stage for today’s humanoid hype.

Firstly, there have been genuinely remarkable technical advances. 
Legged motion is now technically much more advanced than one 
decade ago. Starting with quadruped robots–perhaps most notably 
Boston Dynamic’s Big Dog, then Spot Mini, and now a plethora 

1Note that South Korea’s ambitious plans to become a leader in humanoids in­
volve creating “K-humanoids,” referring to the goal of establishing Korean-made 
humanoids [38].
2Approximately $100B USD have been spent directly or indirectly on autonomous 
vehicles domain [20].
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of systems including from companies like Unitree, and graduat­
ing into bipedal humanoid robots–legged robots are now orders of 
magnitude better at walking, running, jumping. While manipula­
tion and other functionalities needed to unlock interesting physical 
interactions in the real world are still far less advanced, many of 
us remember impactful demonstration videos posted by humanoid 
companies such as Boston Dynamics3 and Unitree. Such media cov­
erages have brought humanoid robots into the mainstream spotlight 
and fostered a renewed robotic imaginary.

Second, the cost and scale of humanoid manufacturing have 
changed radically. A humanoid might have cost millions of dollars 
a decade ago. Today, they are much more capable and affordable. 
At the time of writing, Unitree’s humanoid, G1, is currently sold for 
$16K USD.4 Such drop in price point makes humanoids accessible 
to wider market actors, tempting them to look for possible appli­
cation areas. There are indeed some use cases where humanoids 
are especially sought. For instance, robots built for autistic chil­
dren benefit from the humanlike form [33]. However, on the whole, 
only few use-cases for humanoid robots exist today, preventing the 
grounding of the place and identity of humanoid robots in concrete 
roles and tasks [9]. For instance, Agility Robotics stands out as one 
of the only companies with specific use-case for their humanoid 
robots (that of bin handling) [4].

Lastly–in addition to the advancements in design and manu­
facturing of powerful, electric-based actuation–there have been a 
rapid advancement in AI, including Reinforcement Learning (RL). 
AI-based control started to challenge the status quo of model-based 
control methods continues to fuel progress in humanoid whole-
body control. The accelerated success of AI, rapid adoption of large 
language models, and the development of foundation models of 
robotics have set the stage for investors and governments alike to 
look to robotics as a next frontier [37].

Importantly, these achievements have been primarily driven 
by the private sector–mostly young companies–with a focus on 
building a business narrative that would support further investment 
(and, for many of these companies, ensure survival). This creates 
a unique situation where the public perception on one hand, and 
media portrayals and business narratives on the other hand, cross-
feed to exacerbate the expectations on what humanoid robots are, 
and what they can do.

There is a sense that–much like the dynamics of AI research–
research and development in humanoid robotics is shifting its 
weight from the laboratory to the industry, moving at the same 
time from the hands of academic roboticists to those of engineers 
and AI practitioners. As this transition takes its course through the 
patterns of a hype cycle, we argue that it is time for the robotics 
community to seriously consider what responsible robotics would 
mean in this context and how to navigate the hype as responsible 
roboticists.

3Boston Dynamics showed their Atlas robot doing back-flips in a video in 2017, https:
//www.youtube.com/watch?v=fRj34o4hN4I
4Unitree, https://shop.unitree.com/

1.3 Responsibility and Humanoids: A Complex 
Intersection

Responsible robotics refers to the notion that all the parties involved 
in any part of the life cycle of a robotic system–i.e., not only those 
involved in development, deployment, and integration but also 
in usage and maintenance–need to act in a responsible manner 
toward all stakeholders [7]. In this paper, we critically examine 
what responsible robotics looks like at a time of gold rush toward 
developing humanoids, whether responsible humanoids can even 
be conceptualized. To do so, we examine the humanoid hype using 
the findings of the recently-published Roadmap for Responsible 
Robotics [7].

In [7], the concept of responsibility is decomposed into mul­
tiple axes that constitute the foundation for future research and 
governance in the field. These include trust , ensuring that robots 
operate reliably and in alignment with legitimate human interests; 
justice and fairness, preventing inequitable or exploitative outcomes 
across contexts of design, deployment, and decommissioning; dig­
nity, respecting the intrinsic worth, vulnerability, and autonomy 
of human beings in all interactions with robots; environmental 
sustainability, privacy, and safety, each reflecting a core ethical 
imperative for robotics as an embodied technology; and finally 
constructs commonly shared with Responsible AI frameworks [23]: 
accountability, securing traceable responsibility for decisions and 
actions throughout the robot’s lifecycle, transparency , understand­
ability, and predictability, further supporting the development of 
socially intelligible robotic systems. Collectively, these dimensions 
delineate an integrative ethical framework through which robotics 
may co-evolve with human societies in a manner that safeguards 
human agency and upholds humane values.

In the view of the roadmap’s authors, responsible robotics ex­
tends but also departs from “responsible AI” by emphasizing the 
distinct socio-technical challenges associated with robots’ embodi­
ment, autonomy, and physical interaction with the world [25]. The 
concept requires that stakeholders – including researchers, engi­
neers, policymakers, industry representatives, and end-users – act 
conscientiously throughout the robot lifecycle, ensuring that ro­
botic technologies promote human well-being, social justice, and 
ecological integrity rather than undermining them.

These axes are not new to the HRI community, which has long 
engaged with them in various forms. However, the current hu­
manoid hype presents a unique case where these principles are 
both critically challenged and often overlooked, due to the com­
bination of technical fascination and socio-economical incentives 
that we have described above.

2 Mapping Responsible Robotics Principles to 
Humanoid Development

In this section, we map key concepts identified in the Responsible 
Robotics roadmap to the specific challenges and considerations that 
arise in the context of humanoid robots.
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2.1 Trust Without Blindness: Fostering 
Calibrated Interactions

The Roadmap for Responsible Robotics [7] warns that people may 
consciously or subconsciously overtrust robotic systems. It calls 
for a realistic and nuanced understanding of trust as it relates to 
the design, adoption, and use of robots, recognizing its close ties 
to reliability, understandability, justice, and privacy. The Roadmap 
also emphasizes that trust is inherently contextual. Different stake­
holders, such as developers, operators, and end users, evaluate the 
same robot according to different expectations. Responsible robot­
ics therefore aims not to maximize trust but to promote calibrated 
trust that aligns perception with demonstrated performance.

Calibrated trust is particularly difficult to achieve in humanoid 
robots. Their anthropomorphic appearance and expressive behavior 
often elicit trust before reliability is proven. A humanoid’s gaze, 
tone, or gesture activates the same social heuristics humans use to 
interpret intention and emotion. When these cues are simulated 
without genuine understanding, trust shifts from an evidence-based 
judgment to an automatic emotional response. The same design 
elements that make humanoids appear trustworthy can thus foster 
overreliance, emotional dependency, and even manipulation. In 
healthcare or companionship contexts, a humanoid that appears 
to care may encourage uncritical attachment, while its actual ob­
jectives and data flows are controlled by distant manufacturers or 
service providers.

This raises a fundamental question about the object of trust, 
especially when humanoids are framed as potential teammates 
in human–robot teams. Effective collaboration requires that hu­
mans understand what the robot will do, rely on it, and delegate 
responsibilities safely. They need a teammate that is transparent, 
accountable, and reliable. However, when that “teammate” is a hu­
manoid, this desire becomes a vulnerability. The humanoid’s form 
creates a powerful illusion of shared intent, where humans engage 
as if in genuine cooperation while the robot merely executes an op­
timized program. Even formal modeling techniques such as Brahms 
notation [35] can capture an idealized team workflow but fail to 
resolve the fundamental asymmetry when one agent only simulates 
partnership. When trust is distributed across layers of embodiment, 
code, and corporate infrastructure, it ceases to be a stable property 
of the robot and becomes a moving target embedded in opaque 
accountability networks. Under these conditions, the ethical call 
to build trustworthy systems risks becoming a marketing exercise 
that produces trust-inducing rather than trustworthy machines.

Therefore, responsible humanoid design should move from elic­
iting trust to enabling it. Designers should not simulate confidence 
but instead make the robot’s limitations, uncertainties, and con­
trol boundaries explicit through transparent behavior, interpretable 
feedback, and clear contextual communication. Trust should emerge 
from verifiable performance and openness rather than from human-
like appearance or behavior. Trust is not a by-product of anthropo­
morphism but a result of epistemic honesty. Responsible robotics 
should aim not to make users believe in robots but to ensure that 
they know when and why a robot deserves to be trusted.

2.2 Justice and Fairness: Addressing Access, 
Displacement, and Exploitation

The Roadmap for Responsible Robotics [7] emphasizes that ro­
bots, like other technologies, raise significant issues of justice and 
fairness throughout their entire lifecycle. These concerns extend 
beyond algorithmic bias and data ethics to include the material and 
social dimensions of robotics. Fairness must therefore be addressed 
from design and production through deployment, maintenance, and 
eventual decommissioning. The Roadmap highlights several key 
questions. Are the materials and components used in robotic sys­
tems ethically sourced, or do they rely on extractive and exploitative 
supply chains? Are labor practices within robotics companies fair, 
and do they distribute risks and benefits equitably? During deploy­
ment, do systems privilege certain groups while excluding others 
due to cost, accessibility, or cultural assumptions? Responsible ro­
botics, in this sense, requires continuous reflection and adaptation 
rather than a one-time ethical checklist.

In the case of humanoid robots, these justice and fairness con­
siderations acquire particular urgency. Humanoids are often de­
veloped and manufactured in wealthy, industrialized contexts but 
are imagined as future workers or companions in diverse global 
environments. Their design frequently reflects Western cultural 
norms of embodiment, gender, and labor, which may not translate 
fairly or respectfully to other settings. As a result, the global pursuit 
of humanoids risks reproducing historical inequalities in which 
technological benefits concentrate in the Global North while mate­
rial and social costs are externalized elsewhere. For example, the 
rare-earth minerals required for high-performance actuators and 
sensors are often sourced from regions facing exploitative mining 
conditions. Similarly, the high financial cost of humanoids lim­
its their availability to affluent institutions, thereby reinforcing 
socioeconomic disparities in who benefits from automation.

Justice and fairness also extend to questions of labor and dis­
placement. Promoters of humanoids often justify their development 
as a solution to undesirable or low-status jobs. However, this fram­
ing obscures the human consequences of job loss and the systemic 
structures that define such work as undesirable in the first place. A 
humanoid robot that replaces a care worker or cleaner may allevi­
ate a labor shortage, but it also simultaneously devalues care as a 
human vocation and erases the livelihoods of those performing it. 
This dynamic perpetuates a cycle in which automation promises 
fairness through efficiency while reproducing injustice through 
exclusion and dispossession.

Ensuring justice in humanoid robotics requires attention to both 
global and local contexts. Designers and policymakers must crit­
ically examine who gains and who loses at each stage of a hu­
manoid’s lifecycle. Fairness should be operationalized not only 
through compliance or inclusion metrics but through active par­
ticipation of affected communities in design and policy processes. 
As the Roadmap makes clear, justice is not achieved by a single 
ethical decision during development. It is sustained through on­
going reflection, equitable distribution of benefits and harms, and 
continuous adaptation as humanoid technologies evolve.
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2.3 Accountability in the Age of Humanoids: 
Bridging Regulatory Gaps

While regulatory initiatives such as the EU AI Act or the U.S. AI 
Action Plan define external frameworks for accountability, a sig­
nificant portion of the resistance to operationalizing responsible 
humanoid robotics arises from internal drivers within the research 
and engineering communities. These include persistent technical 
challenges, such as limited scalability of embodied intelligence 
models, fragile locomotion control, and insufficient interoperabil­
ity across robotic architectures. Moreover, research inertia – the 
tendency to reproduce established benchmarks, architectures, and 
experimental paradigms – slows the integration of new practices 
that embed transparency, traceability, and explainability from the 
design phase. Consequently, even well-intentioned research teams 
often struggle to align innovation speed with compliance require­
ments and also with individual needs and HRI contexts.

This gap between regulatory ambition and technical maturity 
is further reflected in the current software landscape of humanoid 
robotics. Although several humanoid robots have recently entered 
pre-industrial or large-scale production, their software architec­
tures remain largely prototypical. In most cases, the hardware is 
being standardized faster than the underlying control and interac­
tion software, which still follows a proof-of-concept logic rather 
than a defined Software Development Lifecycle (SDLC). Long-term 
maintenance policies, dependency management, and security up­
date mechanisms are seldom documented, and the same codebases 
are frequently repurposed across radically different contexts – from 
industrial environments to eldercare facilities or educational spaces 
– without systematic adaptation or validation. This mismatch be­
tween manufacturing maturity and software immaturity exposes a 
critical gap in accountability and lifecycle governance, challenging 
the applicability of emerging regulatory frameworks such as the 
AI Act.

To ensure better accountability, robotics community must align 
innovation practices with emerging regulatory and ethical stan­
dards, and actively engage in return with these bodies. In this 
sense, the current phase of humanoid expansion represents both a 
technical challenge and a social experiment in how responsibility, 
compliance, and ambition can co-evolve within the global robotics 
ecosystem.

2.4 Sustainability Forgotten? The Lifecycle of 
Humanoid Robotics

The Roadmap for Responsible Robotics [7] urges the robotics com­
munity to consider sustainability across a robot’s entire lifecycle, 
from material sourcing and energy use to repair and end-of-life 
planning. While these concerns apply broadly, the current hu­
manoid boom prioritizes performance and human-likeness over 
ecological responsibility. The humanoid form may be one of the 
least sustainable configurations in robotics, favoring aspiration and 
marketing over efficiency and material restraint.

Energy efficiency is a central challenge. Bipedal locomotion de­
mands constant control and high power simply to stay upright, 
making it far less efficient than wheeled or fixed-base systems. 
These costs are compounded by data-driven control models trained 
and run on energy-intensive computing infrastructure. Humanoids 

reveal a clear tension between autonomy and sustainability: their 
most advanced capabilities often depend on computational and 
material resources that far exceed their social or practical benefit.

Humanoids also embody the material and manufacturing bur­
dens of high-performance design. Their use of specialized alloys, 
rare-earth elements, and carbon composites links them directly 
to extractive and energy-intensive global supply chains. Rapid it­
eration and competition foster short-lived prototypes with little 
potential for reuse. When obsolete, these machines often become 
expensive electronic waste, difficult to repair or recycle because of 
their tightly integrated construction.

Repairability and reuse remain the weakest points in the hu­
manoid lifecycle. Most platforms are proprietary and closed, limit­
ing access to maintenance tools and replacement parts. Even minor 
failures can require costly manufacturer intervention, discourag­
ing repair and accelerating obsolescence. The result is a paradox: 
machines designed to emulate human resilience but engineered for 
short operational lives.

Humanoids, therefore, pose a critical test for responsible robotics. 
Can a technology modeled on the human body also embody envi­
ronmental care? Meeting the principles of the Roadmap requires 
more than symbolic gestures toward “green robotics”. It calls for 
measurable reductions in energy use, transparent supply chains, 
and truly open and repairable architectures. Without these com­
mitments, humanoid robotics risks becoming a case study in how 
technological ambition outpaces ecological accountability.

2.5 Privacy in Motion: Humanoids as Perpetual 
Surveillance

The Roadmap for Responsible Robotics [7] warns that robots that 
are equipped with perception mechanisms and networked data sys­
tems can easily become active trackers. While privacy-by-design 
principles call for proactive, user-centered protection of data, the 
embodied nature of robots introduces new challenges. Unlike dis­
embodied AI systems, humanoid robots operate within shared hu­
man spaces, collecting and processing information not only about 
their users but also about bystanders who have not consented to 
being observed. In such contexts, privacy violations occur not only 
through stored data but through the robot’s very presence and gaze.

Humanoid robots transform surveillance into interaction. Their 
cameras and microphones are embedded in familiar anthropomor­
phic forms. When a humanoid nods, follows movement, or makes 
eye contact, these gestures function both as social engagement and 
as data collection. What seems like a relational encounter is also a 
sensor event that may be processed, stored, and transmitted beyond 
the immediate environment.

In such interactions, observation and communication are insep­
arable, undermining traditional ideas of informed consent. Unlike 
digital systems where surveillance occurs in the background, hu­
manoid monitoring happens in the foreground: the act of speaking, 
moving, or simply being present produces data. Users cannot mean­
ingfully choose whether to be observed when monitoring is built 
into the interaction itself. This creates a consent illusion that vol­
untary engagement equals informed agreement.

Beyond data governance, humanoid presence reshapes the spa­
tial and social dynamics of privacy. Robots deployed in homes, 
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hospitals, classrooms, or workplaces extend institutional observa­
tion into spaces once considered private, often under the guise of 
care, safety, or assistance. Their mobility and autonomy collapse 
traditional boundaries between public and private, creating a state 
of continuous perceptual exposure. The sense of being constantly 
within a robot’s field of view introduces a new dimension of privacy 
loss, which is difficult to measure.

Hence, responsible humanoid design must expand the concept 
of privacy beyond compliance and encryption. It must account for 
how embodiment, perception, and proximity alter human experi­
ences of being seen. Designing for privacy means making sensing 
visible, making consent revocable, and making presence negotiable. 
A responsible humanoid makes its sensing transparent, allowing 
people to know and control when they are observed.

2.6 Safety in Close Quarters: Navigating 
Physical and Psychological Risks

The safety and reliability of humanoid robotics must be addressed 
at both the embodiment and overall system levels. Humanoid ro­
bots impose a new class of dominant risks, such as falls and loss 
of balance, which calls for machine-specific safety standards for 
continuous balance control and coordinated motion relevant for 
complex physical robot-environment interactions that are currently 
not covered or sufficiently covered by existing mobile or industrial 
robot standards. Although humanoid embodiment contributes to 
novel safety risks, it is not sufficient to make the embodiment itself 
safe. A holistic safety perspective of the complete humanoid robot 
application, including the environment, task, and interaction con­
text, is required, specifically as new humanoid applications and thus 
evolving risks (e.g., in domestic or industrial settings) are in reach. 
This follows the same shift already seen in collaborative robotics, 
where the focus has moved from cobot safety to application safety.

Another source of safety risks arises from the perceived agency 
and frequent overestimation of humanoid capabilities. When peo­
ple attribute autonomy or understanding to a humanoid, they may 
over-trust it, delay intervention during malfunction, or misinter­
pret social cues as competence. Such reliance can reduce vigilance 
and lead to unsafe proximity, erroneous delegation, or confusion 
about responsibility in tasks. The result is a new category of safety 
risks, emerging not from hardware but from human perception and 
interaction.

Additional risks emerge from the employed approaches to ro­
bot control. Modern humanoid control increasingly depends on 
large, data-driven vision-language-action (VLA) models with im­
pressive zero-shot generalization capabilities in novel task settings. 
However, the integration of these models into humanoid robots 
raises profound safety concerns. A frequently held assumption is 
that if these models are trained on safe data, their behavior will 
be safe. Although this may hold in restricted scenarios, it does 
not provide guarantees in dynamic and open-ended environments, 
where unexpected disturbances or out-of-distribution conditions 
are unavoidable. Simply scaling the amount of training data re­
duces but does not eliminate the risk of unsafe actions, and no 
formal guarantees can be derived from this approach. Responsi­
ble humanoid robotics therefore requires explicit safety scaffolds 
around learning-based controllers (e.g., runtime verification, safety 

guards, etc.) combined with clear communication that maintains 
accurate user expectations. Only by integrating application-level 
risk assessment, standardized safety procedures, and awareness of 
agency-induced social risks can humanoid robotics become both 
reliable and safe.

The expansion of robots’ capabilities to interact with humans 
not only at the physical level but also at the cognitive, emotional, 
and social levels introduces new types of risks. These risks extend 
beyond mere physical harm (e.g., cutting, crushing, etc.) to include 
psychological and ethical harms, such as addiction, social isolation, 
abstraction, moral disengagement, and the decline of interpersonal 
skills [8]. Such risks may be further amplified by the humanoid 
appearance and lifelike presence of robots, which foster anthro­
pomorphism and strengthen the illusion of emotional and social 
reciprocity between humans and machines.

2.7 Seeing Through the Mask: The Need for 
Transparency and Predictability

The increasing visibility of humanoid robots in media and research 
demonstrations has created a paradox between appearance and 
capability. While their external design evokes human-level compe­
tence, their actual cognitive and functional abilities remain narrow, 
brittle, and context-dependent. This paradox does not only shape 
public perception—it also permeates the robotics research commu­
nity itself, particularly within Human–Robot Interaction. The field 
often oscillates between scientific rigor and performative display: 
carefully staged experiments and conference demonstrations may 
prioritize engagement, novelty, or funding visibility over repro­
ducibility and technical transparency. In an environment driven 
by competitive project calls, industrial partnerships, and media 
exposure, even well-intentioned researchers may inadvertently 
contribute to the myth of imminent general-purpose humanoids. 
Recognizing this internal amplification of expectations is essential 
for establishing communication standards that balance scientific 
credibility with public engagement. To foster trustworthy interac­
tion, humanoid systems must therefore become not only technically 
reliable but also transparent and predictable – capable of conveying 
what they can and cannot do, and under what conditions.

To support responsible design and deployment of humanoids, it 
is essential to establish transparent communication about their ca­
pabilities and limitations. Effective and safe interaction depends not 
only on technical reliability but also on users’ informed understand­
ing of what a system can and cannot do. Structured approaches to 
communication may serve to operationalize this transparency by 
distinguishing between the content of information and the man­
ner of its delivery. Recent work complements the IEEE 7001-2021 
standard by classifying transparency into Content and Interac­
tion dimensions, the latter encompassing task, natural interaction, 
and system intention aspects [28]. However, transparency alone 
is insufficient without adequate user training, which ensures that 
operators and end-users can accurately interpret system behav­
ior, recognize operational boundaries, and respond appropriately 
to errors or ambiguities. Integrating training programs alongside 
transparent design practices is therefore essential to cultivate real­
istic user expectations and promote responsible engagement with 
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humanoid technologies, especially in high-stake domains such as 
healthcare and education [24].

2.8 Dignity Under Pressure: Ethical Red Lines 
for Humanoid Applications

In the Responsible Robotics Roadmap, dignity is defined as the 
ethical imperative to respect the intrinsic worth, vulnerability, and 
autonomy of human beings in all human–robot interactions. The 
authors of the Roadmap emphasise that robotic systems must pre­
serve individuals’ sense of agency and social recognition, and that 
robots (e.g., in warfare or the sex industry) that commodify, degrade, 
or devalue human life should be avoided. Dignity thus serves as 
a moral boundary for acceptable robotic applications, an ethical 
red line, linking technological design to broader commitments to 
peace, respect, and human rights.

When near-future humanoid robots are pitched to the general 
public, it is often as a dependable caregiver for elderly relatives, as 
a home-maker doing all the boring chores, or as a compliant sexual 
partner. Due to their physical appearance and other resemblances, 
it is perhaps unsurprising that humanoid robots would be consid­
ered for placement in human environments in lieu of actual human 
beings [36]. This placement could involve primarily non-public 
environments such as private homes or care homes [39]. It could 
also involve robots undertaking tasks that put users in unwanted 
or vulnerable situations. For example, a humanoid may be designed 
for and inserted into a sensitive environment in which the robot 
imposes on the user’s space and well-being, either physically or 
through its data collection. It may be tempting to believe that, for 
example, a lonely and socially isolated older person will benefit 
from being given a humanoid robot companion. However, it is evi­
dent that some older people who live alone consider the imposition 
of certain robot companions as not helpful, and, moreover, as in­
fantalising and undignified [13]. While not all people may feel this 
way, the assumption that humanoid companions will always benefit 
those needing care or emotional connection must be avoided. As 
with all technology a degree of personal choice and flexibility of use 
should be considered, with fear of exploitation and user preference, 
balanced against the benefits technology can bring to independent 
living [14].

By their very form and their AI-based abilities, humanoid robots 
can also invite a misguided kind of anthropomorphism [15]. For 
example, some people may project human characteristics onto a 
robot such as advanced agency, personhood, or general intelligence, 
which the robot lacks. This, in conjunction with the earlier men­
tioned trust and transparency concerns, may raise ethical concerns 
about rendering users emotionally, socially, and epistemically vul­
nerable. Such humanoids could make users susceptible to unsafe 
interactions or manipulation by unscrupulous actors.

In the development and deployment of humanoid robots, reflec­
tion on how to preserve human dignity in robot-human interaction 
is paramount [34]. It forces us to ask fundamental questions in 
earlier ideation and development phases about the appropriateness 
of the humanoid form for the later deployment context. Here we 
can draw upon lessons learned in the Responsible AI literature [17] 
and champion co-design principles [29], thereby actively involv­
ing potential user feedback and reflections. Or relatedly, integrate 

humanities and arts methodologies throughout the robot life cycle 
[22], thereby foregrounding commitments to ongoing reflection 
and ethical principles such as dignity and autonomy.

3 Conclusion: Towards a Critical and Proactive 
HRI Engagement

3.1 The Absence of HRI in Mainstream 
Humanoid Discourse

Humanoids, like autonomous vehicles over the past decade, and 
more recently generative AI and so-called foundation models, are 
at peak tech hype and investment interest – with funding, talent 
and interest following accordingly. One of the challenges, as we 
have seen in these past tech waves (some of which are admittedly 
still ongoing), is that the approach, largely driven by commercial 
appetite, has not necessarily been an all-rounded one. The big play­
ers in humanoids – primarily companies and startups from China 
and the United States, bring different approaches to developing and 
promoting their humanoid technology development, but one thing 
in common is that rigorous, substantive considerations of factors 
like Human Robot Interaction have been largely absent to date. In­
stead, typical demos have heavily focused on robots mock-fighting 
humans in boxing or martial arts displays, or robots operating in 
manufacturing or warehouse logistics type environments. There 
are many current and potential issues with this lack of deep HRI 
consideration. One is simply that the technology stack may get too 
far without sufficient consideration of HRI factors, which will then 
have to awkwardly, and probably not effectively, be re-worked back 
into these systems. Another is around human expectations on the 
technology – without a proper consideration of HRI from an early 
stage, incorrect or inappropriate expectations may be baked into 
the public pscyche as pertains to these systems, which will not be 
helpful for any of the stakeholders in the long run.

Despite the clear relevance of human–robot interaction (HRI) to 
humanoid systems, these discussions remain largely absent from the 
core discourse in the humanoids research and development com­
munity. Current conversations focus mainly on mechanical design, 
locomotion, and control architectures, rather than on how humans 
will perceive, trust, or collaborate with these robots. This narrow 
focus risks producing humanoids that are technically impressive 
but socially and ergonomically unfit for real-world environments. 
Without early and systematic integration of HRI perspectives, de­
velopers may repeat past mistakes seen in autonomous vehicles and 
generative AI – advancing performance while neglecting usability, 
ethics, and societal alignment.

3.2 Operationalizing Responsible Robotics for 
Humanoids

The Responsible Robotics Roadmap outlines concrete gaps and op­
portunities for operationalizing responsible robotics in practice. 
Table 1 highlight those identified as priority areas for the humanoid 
robotics community, also putting in perspective the relevant stake­
holders – illustrating the interdisciplinary nature of the challenges.
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Responsible Robotics Gap Stakeholders Humanoid-Specific Challenge Horizon
1. Identifying progress indicators Researchers (social sciences), Stan­

dards committees with industry in­
put

Rapid pace of humanoid development makes it difficult to define timely 
metrics reflecting both technical advances and societal impact.

short-term

2. Requirements Engineering Interdisciplinary researchers, Soft­
ware engineers

Translating societal expectations and ethical principles into concrete tech­
nical requirements is challenging due to multi-faceted socio-economical 
expectations built around humanoid robots.

short-term

3. Teaching Responsible Robotics Educators, Researchers Ensuring curricula capture both cutting-edge technical skills and broader 
societal, ethical, and legal considerations despite rapid field evolution.

short-term

4. Operationalizing explainability, pre­
dictability, understandability

Engineers, Philosophers Humanoids’ complex human interactions make it difficult to design be­
haviors that are easily interpretable without limiting functionality.

short-term

5. Reporting irresponsible inci­
dents/practices

Legislators, Regulators, Profes­
sional associations

Public perception of humanoids as autonomous agents creates pressure 
for clear reporting systems, yet technical nuance is often lost in societal 
discourse.

medium-term

6. Responsible technological interven­
tion in systemic problems

Policy experts, Engineers, Social 
Scientists, Philosophers, Citizens

Balancing resource constraints and potential for humanoids to address 
societal challenges requires careful prioritization and ethical oversight.

medium-term

7. Planning with interacting values in un­
certain environments

Researchers (AI, Computer Sci­
ence)

Humanoids must navigate conflicting goals and ethical norms in real time, 
a technically and socially complex problem.

medium-term

8. Testbeds for assessing interaction-
based/ethical harms

Researchers (HRI, Psychology, 
Ethics), Users

Designing realistic and safe environments to study harmful interactions is 
difficult, especially when human expectations of humanoids vary widely.

medium-term

9. Enabling a second-hand humanoid 
market

Insurance, Regulators, Business, 
Roboticists

Liability, safety, and maintenance issues are heightened due to humanoids’ 
autonomous and physical capabilities.

medium-term

10. Educating users to live with hu­
manoids

Researchers (HRI, Education, Psy­
chology)

Users often overestimate capabilities or misjudge risks, creating a need 
for structured education and guidance.

medium-term

11. Creation and curation of ML training 
datasets

Engineers, Policy experts, Philos­
ophers, Citizens

Data must reflect ethical and societal norms, yet technical constraints 
and proprietary interests complicate consensus-building.

medium-term

12. Understanding and arbitrating trade-
offs between goals and values

Policy experts, Regulators, Engi­
neers, Social Scientists, Philoso­
phers, Citizens

Humanoids’ multifunctional and human-like nature intensifies ethical, 
social, and economic trade-offs, requiring ongoing negotiation between 
stakeholders and adaptive regulation.

long-term

Table 1: Responsible Robotics Gaps, Stakeholders, and Humanoid-Specific Challenges

3.3 Reclaiming the Narrative
At some point – without explicit consensus – the field of robot­
ics seems to have collectively assumed that the humanoid form 
represents the inevitable endpoint of embodied AI. This silent con­
vergence, reinforced by media narratives, industrial ambition, and 
funding incentives, has positioned humanoids as the default vision 
of our technological future. Yet this trajectory was never formally 
decided, debated, or ethically justified. The question “Responsible 
Humanoids: A Contradicton In Terms?” therefore demands not 
only technical reflection but also disciplinary self-awareness.

In reflecting on the trajectory of humanoid robotics, we must ask 
whether the field’s collective imagination has already defaulted to 
a single morphological archetype – the human form. This implicit 
convergence may be more cultural than functional, driven by famil­
iarity and anthropocentric bias rather than necessity. A responsible 
future for robotics should preserve morphological diversity, en­
suring that human-centered design does not become synonymous 
with human-shaped design. Responsibility, in this sense, is not a 
property of the humanoid itself but a quality of the ecosystem that 
defines, builds, and deploys it. Collectively, the HRI community has 
a unique opportunity – and perhaps a responsibility – to reclaim, 
or at least, co-design, the narrative around humanoid robotics to 
place ’responsibility’ at its core.

Position statement
We acknowledge that the current group of authors predominantly 
represents perspectives from the Global North and WEIRD (West­
ern, Educated, Industrialized, Rich, and Democratic) research con­
texts. We highlight the urgent need to incorporate a broader range 
of viewpoints and greater diversity in future iterations or reformu­
lations of similar critique. Our goal is to spotlight and examplify 

some critical issues, foster the advancement of responsible robotics, 
and facilitate our collective journey through the intricate socio-
technical landscape ahead.
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