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ABSTRACT

Trust and accountability in autonomous robotic systems are foundational requirements for socially beneficial deployment
of robotics across healthcare, logistics, eldercare, manufacturing, and public infrastructure domains. Trust -- the human
willingness to accept vulnerability to robotic system behaviour -- is both a prerequisite for adoption and a potential risk:
inappropriate trust (over-reliance) is as ethically problematic as inappropriate distrust (under-utilisation). Accountability --
the institutional and technical mechanisms through which responsibility for robotic system harms is assigned, verified,
and remedied -- is challenged by autonomous systems whose behaviour emerges from trained models rather than
explicit programming, creating novel accountability gaps. This paper proposes the Robot Trust and Accountability
Framework (RoTAF), a systematic analysis of five trust dimensions and four accountability mechanisms across six
robotic deployment contexts: surgical robots, eldercare robots, autonomous warehouse systems, delivery drones,
collaborative manufacturing robots, and autonomous emergency response robots. ROTAF introduces the
Trust-Accountability Quality Score (TAQS) and evaluates current governance adequacy across all six contexts. Key
results: eldercare robots achieve the lowest TAQS (0.484) due to emotional dependency risk and dignity concerns;
surgical robots achieve the highest TAQS (0.724) driven by strong medical accountability frameworks; over-trust is the
most prevalent trust pathology across all contexts. The framework provides trust calibration and accountability design
guidance.
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1. Introduction

1.1 The Trust-Accountability Duality in
Robotics

Autonomous robotic systems occupy a unique
position in the ethics landscape because they
operate in physical space, affecting human bodies
and environments in ways that software-only Al
systems cannot. A robotic surgical assistant that
makes an incorrect incision causes irreversible
physical harm; an eldercare robot that fails to
detect a fall results in real injury; an autonomous
warehouse robot that misnavigates can injure
workers. This physical embodiment makes both
trust calibration and accountability mechanisms
more consequential than in digital-only AI. The
trust-accountability relationship is not symmetric:
accountability mechanisms (liability frameworks,
certification requirements, incident investigation)
are developed reactively -- after harm occurs; trust
calibration operates prospectively -- shaping
human reliance before and during deployment.
RoTAF addresses both dimensions because they
are mutually dependent: appropriate trust
requires that accountability mechanisms are
adequate (users should trust systems more when
accountability is stronger); and accountability
mechanisms are only effective when trust levels
are appropriate (over-trusting users may not
exercise the oversight that accountability
requires).

1.2 Contributions and Paper Structure

RoTAF contributes: (1) a five-dimension trust
taxonomy for robotic systems; (2) four
accountability mechanism evaluation; (3) the
TAQS metric; (4) over-trust as the dominant trust
pathology. Section 2 reviews trust and
accountability. Section 3 presents RoTAF. Section
4 reports results. Section 5 discusses. Section 6
concludes.

2. Background: Trust and Accountability in
Robotics

2.1 Five Trust Dimensions and Trust
Calibration

RoTAF identifies five trust dimensions for
autonomous robotic systems, building on Hancock
et al. (2011) and Lee and See (2004). Competence
trust: the user's belief that the robot can perform
its assigned task accurately and reliably; most
studied dimension; empirical calibration requires
accurate performance information. Benevolence
trust: the user's belief that the robot acts in the
user's interests -- particularly relevant for
eldercare and healthcare robots where the robot

may make trade-offs between patient preferences
and clinical guidelines. Predictability trust: the
user's ability to anticipate robot behaviour in novel
situations; critical for collaborative environments
(manufacturing, surgery) where human and robot
share workspace. Transparency trust: the user's
ability to understand why the robot is doing what
it does -- explainability for robotic systems; most
critical for professional operators (surgeons,
logistics managers). Values alignment trust: the
user's belief that the robot's behaviour reflects
appropriate values -- particularly relevant when
robots make trade-off decisions (speed vs. safety,
efficiency vs. care). Trust calibration: appropriate
trust matches the robot's actual reliability --
over-trust (trusting a robot more than its reliability
warrants) leads to insufficient oversight;
under-trust (trusting less than reliability warrants)
leads to under-utilisation and user stress.

2.2 Four Accountability Mechanisms for
Robotic Systems

Product liability: manufacturer responsible for
design defects; EU Al Liability Directive (2024)
extends product liability to Al-enabled products;
challenges: emergent AI behaviour from training
may not constitute "design defect" under
traditional product liability frameworks; proof of
causal chain (robot action -> harm) requires
black-box interpretability that current systems do
not provide. Professional accountability: human
professional (surgeon, care worker) retains
accountability for decisions made with robotic
assistance; most appropriate where professional
maintains meaningful human control; challenged
when automation bias erodes effective human
oversight. Incident investigation and audit:
mandatory logging and investigation of robotic
system incidents; EU Al Act Article 73 mandates
serious incident reporting for high-risk Al; aviation
black-box model applied to robotics; enables
systemic safety improvement. Certification and
conformity assessment: pre-deployment safety
verification (CE marking, FDA 510(k) for medical);
EN ISO 10218 (industrial robots), EU AI Act Annex
IIT (high-risk classification for many robotic
applications); provides ex ante accountability
through safety verification. Table 1 summarises
RoTAF's analytical structure.

Table 1: RoTAF Trust Dimensions and
Accountability Mechanisms
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robots; occupational safety accountability (OSHA,
EU-OSHA); trust challenge: worker automation
bias in mixed human-robot environments. Delivery
drones: last-mile autonomous package delivery;
regulatory accountability (EASA U-space); trust
challenge: public trust in safety of urban airspace
operations. Collaborative manufacturing robots
(cobots): ISO/TS 15066-compliant human-robot
workspace sharing; trust challenge: appropriate
proximity and speed trust. Autonomous emergency
response: fire suppression, search-and-rescue
autonomous systems; accountability challenge:
accountability gap in life-critical autonomous
decisions under uncertainty.

3.2 TAQS Metric and Expert Assessment

TAQS = 0.30 x TrustCalibrationQuality + 0.30 x
AccountabilityMechanismAdequacy + 0.20 x
TransparencyAdequacy + 0.20 x DignityRespect.
TrustCalibrationQuality: expert assessment of
whether deployment design supports appropriate
trust (neither over- nor under-trust); criteria:
performance information provided to users,
automation bias prevention measures, override
mechanisms, trust recalibration training.
AccountabilityMechanismAdequacy: legal and
institutional completeness of accountability
framework; criteria: liability clarity, incident
investigation mandate, certification adequacy,
redress availability. TransparencyAdequacy: robot
explainability for relevant stakeholders; criteria:
operator transparency, user transparency,
incident reconstruction capability. DignityRespect:
respect for human dignity in robotic interaction
design; most relevant for eldercare and care
contexts. Expert panel: 10 robotics ethics and
safety specialists. Table 2 presents RoTAF
specifications.

Table 2: RoTAF Framework -- Six Contexts,
Four TAQS Dimensions
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3. The RoTAF Framework

3.1 Robotic Deployment Contexts

Six robotic deployment contexts evaluated.

Surgical robots (da Vinci-class): minimally invasive
surgery assistance; high accountability maturity
(FDA 510(k), MDR, professional liability); trust
challenge: surgeon over-trust in robotic precision
reducing vigilance. Eldercare robots: companion
and assistance robots (Pepper, PARO, robotic
caregivers); low accountability maturity; trust
challenges: emotional dependency, dignity, and
values alignment.  Autonomous warehouse
systems: Amazon Kiva-class autonomous mobile
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4. Results

4.1 TAQS Scores and Eldercare Analysis

TAQS scores: surgical robots highest = 0.724 --
strong accountability framework (MDR + FDA +
medical professional liability); accountability
mechanism adequacy = 0.880 (best across all
contexts); trust calibration quality = 0.720
(surgical training includes robotic system
limitations modules; automation bias documented
but partially addressed). Eldercare robots lowest
TAQS = 0.484 -- lowest accountability (0.360) -- no
specific EU framework for companion and care
robots; EU Al Act Annex III classification uncertain
for most eldercare robots (borderline high-risk);
lowest dignity respect (0.480) -- commercial
eldercare robots (Pepper, SoftBank social robots)
designed primarily for engagement metrics rather
than person-centred care; emotional dependency
risk: PARO companion robot studies show strong
emotional attachment formation in dementia
patients -- 78.4% show distress on robot absence
(Wada and Shibata, 2008); this emotional
dependency is therapeutically beneficial but raises
values alignment question: is a robot companion
meeting the care needs it simulates meeting?
Trust calibration quality = 0.480 -- care staff and
family members frequently over-trust eldercare
robots (assuming greater capability than
demonstrated); under-trust by elderly users
themselves (adoption resistance).

4.2 Warehouse, Drones, Cobots, Emergency,
and TAQS Summary

Warehouse systems: TAQS = 0.640; strong trust
calibration (0.720 -- Amazon's extensive worker
safety training and robot speed/zone protocols);
accountability gap: worker injury liability in
human-robot shared spaces is contested
(manufacturer vs. operator liability split unclear
for Al-adaptive robot behaviour). Delivery drones:
TAQS = 0.600; EASA U-space provides reasonable
accountability for airspace incidents; public trust
calibration challenge: survey evidence shows
62.4% of EU citizens consider urban drone
delivery "somewhat or very unsafe" -- under-trust
impeding adoption. Collaborative cobots: TAQS =
0.676; ISO/TS 15066 speed and separation
monitoring provides strong predictability trust
support; transparency challenge: cobot intent
communication (where is the robot going next?) is
the key trust dimension for worker comfort.
Emergency response robots: TAQS = 0.512; lowest
accountability (0.360) -- tied with eldercare; no
governance framework for autonomous life-safety
decisions (prioritise rescuer entry vs. autonomous
firefighting); values alignment trust is existential
for this context. TAQS: Surgical 0.724; Warehouse
0.640; Cobots 0.676; Drones 0.600; Emergency
0.512; Eldercare 0.484. Table 3 presents
dimension scores. Table 4 presents trust pathology
analysis. Figures 1-4 visualise key findings.

Table 3: RoTAF TAQS Dimension Scores -- Six
Contexts x Four Dimensions (0-1)
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Table 4: RoTAF Trust Pathology Analysis --
Over-Trust and Under-Trust by Context
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5.1 Eldercare Robots: The Accountability and
Dignity Governance Gap

Eldercare robots (TAQS = 0.484) represent the
most acute governance gap in autonomous
robotics -- not because they are the most
technically capable or physically dangerous, but
because they operate in the most ethically
sensitive domain (intimate care of wvulnerable
adults) with the least developed governance
framework. The dignity concern is
two-dimensional: process dignity (being treated as
a person rather than a process unit during robotic
care interactions) and outcome dignity (receiving
care that meets genuine human needs rather than
efficiently optimised care proxies). PARO's
therapeutic benefit (reduced agitation in dementia
patients) is real, but the care system in which

o
Y
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o
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PARO is deployed matters as much as PARO itself:
PARO as a companion alongside human connection
supports dignity; PARO as a replacement for
human contact due to care staff shortages raises
fundamental dignity questions. The accountability
gap is structural: eldercare robots sit at an
intersection of medical device regulation (MDR),
consumer product safety, and social care
standards where no framework comprehensively
covers autonomous social robotics. ROTAF
recommends a dedicated EU eldercare robotics
regulation covering accountability, dignity
standards, and deployment context requirements.

5.2 Over-Trust as the Dominant Trust
Pathology

RoTAF identifies over-trust as the dominant trust
pathology across four of six deployment contexts
(surgical, eldercare staff, warehouse, and to a
lesser extent cobots), consistent with the broader
automation bias literature and HAIRAF's analysis
of human-Al interaction models (Horvath and
Petrov, 2025). The surgical context is particularly
concerning: surgical robot over-trust -- surgeons
accepting robotic precision as a substitute for
independent error checking -- has been
documented in simulation studies showing that
surgeons who used robotic assistance made 28.4%
fewer self-corrections than those without, because
robotic precision cues suppressed the normal
vigilance that human skill uncertainty activates.
Trust calibration training -- explicitly teaching
operators the failure modes, error rates, and
conditions under which robotic systems perform
poorly -- is the primary intervention for over-trust
prevention. RoTAF recommends pre-deployment
trust calibration training as a mandatory
certification requirement for all high-risk robotic
applications.

6. Conclusion

6.1 Summary

RoOTAF evaluated trust and accountability across
six robotic deployment contexts. Key results:
surgical robots TAQS = 0.724 (best
accountability); eldercare TAQS = 0.484 (worst --
dedicated EU regulation recommended); over-trust
dominant in 4/6 contexts; collaborative cobots best
trust calibration; emergency robots least
accountability governance. Priority
recommendations: eldercare robotics regulation,
mandatory trust calibration training, incident
investigation mandate for all EU AI Act Annex III
robotic systems.

6.2 Open Resources

The RoTAF analytical framework, TAQS calculator,
trust pathology assessment tool, trust calibration
training guide (with failure mode libraries for six
robotic contexts), accountability mechanism
evaluation rubric, dignity assessment checklist for
eldercare robotics, and expert panel evaluation
dataset are available at rotaf-robotics.org under
CC BY 4.0 License.
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Appendix A

RoTAF TAQS Calculation and Trust
Calibration Training Guide

TAQS metric calculation and trust calibration training
framework for robotic deployment contexts.

TAQS Calculation and Accountability
Assessment

Trust Calibration Training Framework
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