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Abstract: Atrtificial intelligence increasingly dictates the mechanics of warehouse
management. These systems aggressively forecast demand, dictate work assignments, map
picking routes, direct autonomous mobile robots, schedule human labor, audit inventory, flag
operational anomalies, and relentlessly calculate process performance. Such applications
undoubtedly elevate accuracy while stripping away unnecessary manual handling. Yet,
evaluating the ethical integrity of automated warehouse management exclusively through the
lens of productivity gains remains fundamentally flawed. Al systems simultaneously disrupt
worker surveillance, amplify task intensity, degrade privacy, compromise occupational
safety, trigger disciplinary actions, erode autonomy, threaten employment security, and
frequently deny access to meaningful human review.

The present study introduces a Human-Centered Ethical Al Framework for Automated
Warehouse Management. This structure deliberately elevates worker safety, proportionate
data collection, procedural fairness, explainability, task-allocation equity, mandatory human
oversight, structured reskilling, and lifecycle auditing to stand equally alongside conventional
efficiency targets. We lacked an authentic employer, employee, or commercial warehouse-
management dataset. Consequently, the quantitative analysis operates strictly as an evidence-
calibrated simulation, explicitly not representing completed empirical field research. The
model constructed a synthetic dataset covering 4,800 warehouse work shifts across a 12-
month deployment window, directly contrasting two operational strategies: efficiency-first Al
management versus human-centered responsible Al management. The responsible framework

strictly enforced safety parameters, workload caps, stringent worker-data restrictions, fairness
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tracking, required explanations, clear appeal mechanisms, and mandatory worker
consultation. Under the responsible model, the simulated Ethical Warehouse Management
Index climbed steadily from 52 to 89.

Conversely, the efficiency-first model crashed to 51. Initial productivity surges were quickly
overwhelmed by compounding disasters surrounding surveillance overreach, brutal workload
intensity, safety failures, and an absolute collapse in accountability. Worker surveillance and
privacy generated 22% of the simulated ethical-risk burden. Human-robot safety accounted
for 21%, heavily trailed by algorithmic work intensity at 19%. These simulated findings
forcefully suggest that deploying ethical Al in warehouse logistics demands organizational
governance capable of erecting hard, enforceable boundaries around optimization. We cannot
expect efficiency-obsessed algorithms to magically resolve worker-centered values

independently.

Keywords: artificial intelligence; warehouse management; warehouse automation;
algorithmic management; worker surveillance; human-robot collaboration; occupational

safety; responsible Al; logistics ethics

Introduction

Modern warehouse management fundamentally relies on a complex web of software,
robotics, sensor arrays, predictive forecasting systems, and automated decision-making
engines. Artificial intelligence frequently controls where goods sit on a shelf, exactly which
order a worker picks next, the precise physical route a human or autonomous robot takes,
who receives a specific task, how harshly performance is graded, and exactly when
management should inject additional labor or equipment onto the floor.

These capabilities unquestionably deliver operational superiority.

Simultaneously, they radically redistribute managerial power.

The International Labour Organization explicitly defines algorithmic management as the
weaponization of computational systems to coordinate, surveil, allocate, and judge human
work. Their extensive research confirms that algorithmic monitoring and automated work
allocation have aggressively breached the boundaries of digital gig platforms, infiltrating

conventional physical workplaces, including intense logistics and warehousing environments.
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Warehouse environments make this governance crisis uniquely volatile because digital
algorithms directly dictate heavy physical movement.
Workers routinely share tight spaces with:

e CONveyors

 industrial robots

e automated storage and retrieval systems

« robotic picking systems

e autonomous mobile robots

o forklifts

e sensor networks

o computer-directed picking technologies
OSHA repeatedly warns that integrating new warehouse automation technologies
haphazardly introduces severe hazards, explicitly citing struck-by and caught-between risks.
Industrial robotics certainly shield workers from highly dangerous or severely repetitive
tasks. Yet, mixing programmable machines, rigid control systems, dense sensors, and
unpredictable human movement demands incredibly precise safety management.
Al therefore generates a profound ethical duality.
It possesses the power to alleviate physical suffering by transferring heavy, repetitive labor
directly to machines.
That exact same system can simultaneously amplify human suffering if management exploits
the resulting robotic efficiency to enforce mathematically impossible picking targets.
This distinction is absolute.
An algorithm can effortlessly calculate exactly how many items a facility should process per
hour. It does so without possessing the slightest understanding of whether the required human
pace remains physiologically survivable, psychologically tolerable, procedurally fair, or
simply compatible with a worker's basic biological need to recover from physical fatigue.
NIST's Artificial Intelligence Risk Management Framework conceptualizes Al strictly as a
sociotechnical technology. Its ultimate effects materialize only through the messy collisions
between technical architecture, corporate organizations, human beings, and specific

deployment contexts. NIST isolates trustworthy Al characteristics, demanding validity,
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absolute reliability, uncompromising safety, resilience, total transparency, explainability,
rigorous privacy protection, accountability, and the active suppression of harmful bias.

A 2026 worker-centered warehouse robotics study injects critically relevant evidence into
this debate. Malik, Branddo, and Coopamootoo interviewed actual warehouse workers
regarding both current robotic systems and worker-designed alternatives. The workers
overwhelmingly prioritized privacy, inclusivity, and physical safety, flatly rejecting the
industry's obsession with starting every conversation from a baseline of maximum
productivity.

The central question driving this manuscript is therefore:

How can Al improve warehouse coordination without converting efficiency optimization into
excessive surveillance, unsafe work intensity, unfair task allocation, or unaccountable

automated management?

Literature Review
a) Al-Enabled Warehouse Management

Warehouse automation has mutated far beyond simple mechanized conveyors and bolted-
down industrial robots.
Contemporary systems aggressively leverage Al for:
e demand forecasting
« replenishment prediction
« slotting optimization
e order sequencing
e dynamic route planning
« labor allocation
« robot coordination
o anomaly detection
o predictive maintenance
« safety monitoring
Human-robot order picking attracts intense scholarly focus. Humans retain a massive

comparative advantage in manipulating highly irregular items and handling unpredictable
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exceptions, whereas robots easily absorb the punishing demands of endless walking and
heavy material transport.

Jacob, Grosse, Morana, and Konig systematically reviewed human-robot collaborative
warehouses. They concluded that technology acceptance hinges on far more than raw
operational productivity. Nuanced interaction design, perceived psychological usefulness,
absolute safety, and deep human factors ultimately dictate whether a workforce accepts or
rejects collaborative systems. This literature further proves that engineers cannot design
collaborative environments exclusively around the technical limitations of the robot.

Lorson, Flgener, and Hibner conducted similar examinations of human interaction within
automated and robotized warehouse settings. Their work violently reinforces the reality that
automation must be judged on exactly how it restructures human work, rather than merely

measuring how violently it accelerates material flow.

b) Safety in Human—-Robot Warehouses

Safety represents the absolute ethical boundary that warehouse optimization algorithms must
never breach.
OSHA explicitly states that shoving automated warehouse equipment into operations without
proper integration generates massive physical hazards.
Human-robot collaboration triggers immediate questions regarding:

« collision

e unexpected robot trajectories

o unsafe speed

e sensor failure

o blocked visibility

« worker distraction

e emergency stopping

o shared-space design
Berx and colleagues mapped human—robot collaboration risks utilizing a comprehensive,
system-wide perspective. Inam and colleagues pushed further, evaluating highly specific risk
assessments directly within simulated automated warehouse scenarios.
We must not reduce safety to simply preventing a machine from physically striking a human.

Pace matters equally.
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A worker who walks fewer miles because of a robot might still suffer catastrophic
musculoskeletal or psychological breakdown if the Al simultaneously cranks up the expected
picks-per-minute metric.

The ethical objective must therefore be:

reduce physical hazard without creating a different form of work-related harm through

excessive algorithmic intensity.

c) Algorithmic Work Allocation and Fairness

Handing task allocation over to Al undeniably spikes warehouse efficiency. The system
mathematically juggles order urgency, exact geographic location, worker positioning,
equipment availability, and real-time aisle congestion simultaneously.
Yet, this automated task assignment dictates precisely who suffers through:

o physically demanding work

e repetitive work

« high-pressure assignments

e undesirable zones

e night work

« difficult exception handling
Bai and colleagues ran field experiments analyzing algorithmic work assignment. They
proved conclusively that algorithmic assignment violently shifts both raw productivity and
the workers' internal perceptions of fundamental fairness.
That connection carries immense ethical weight.
A mathematically flawless allocation algorithm frequently appears deeply unfair on the floor
if workers cannot comprehend why burdens shift so erratically, or if the system repeatedly
hammers specific individuals with brutal assignments.
Lee and colleagues explored participatory algorithmic management. They argue forcefully
that workers must participate directly in designing the models intended to protect their well-
being. Assuming that management-defined performance metrics magically align with actual

worker interests remains a dangerous corporate fantasy.

d) Surveillance and Worker Privacy

Al-enabled warehouses operate as massive data-harvesting engines.
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Potential inputs include:

scanner activity

task completion time
worker location

idle periods
wearable-device data
video

errors

productivity patterns

robot interactions

This data stream undeniably supports safety protocols and operational planning.

It also builds an architecture of inescapable continuous surveillance.

Electronic performance monitoring research proves that relentless monitoring degrades

worker experience, spikes stress, annihilates trust, and shatters perceptions of autonomy.

Malik and colleagues' 2026 warehouse study discovered that workers explicitly demanded

privacy as a non-negotiable ethical dimension when visualizing acceptable warehouse robots.

The ethical question is therefore not:

Can the organization collect these data?

It must absolutely be:

Which data are genuinely necessary for the declared operational or safety purpose, who can

access them, how long are they retained, and can they be repurposed for discipline without

transparent rules?

Research Gap

The literature suffers from massive gaps.

a) The first is an obsession with productivity-centered evaluation.

Warehouse Al research almost exclusively measures:

throughput
picking time
travel distance

order accuracy

92
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b)

d)

f)

9)

h)

« robot utilization

These indicators hold obvious importance.

They remain ethically bankrupt on their own.

A system can easily shatter every operational record while systematically destroying
worker privacy, inducing crushing fatigue, annihilating fairness, and stripping away
worker autonomy.

The second gap ignores combined human and robotic risk.

Engineers study robot safety purely through collision avoidance and technical reliability.
Ergonomists study employee well-being entirely separately.

Real warehouses smash both together.

The third gap involves algorithmic workload governance.

Task allocation systems relentlessly optimize worker productivity without writing a single
line of code to limit cumulative physical burden.

The fourth highlights a failure of privacy proportionality.

Management harvests data under the guise of process optimization or safety, only to later
weaponize that exact same data for brutal performance discipline.

The fifth exposes a lack of procedural fairness.

Workers possess almost zero ability to decipher, let alone contest, algorithmic task
assignments.

The sixth concerns reskilling and the violence of employment transition.

Automation inevitably kills undesirable tasks while aggressively rewriting required skill
sets.

An ethical implementation must investigate whether workers possess realistic, funded
pathways to transition into these new roles. Treating labor displacement as a sad but
external consequence is unethical.

The seventh gap highlights the absence of worker participation.

Malik and colleagues successfully identified the complete lack of worker-centered visions
in warehouse robotics. They deployed participatory approaches to finally ask workers
what they actually consider acceptable.

The eighth gap exposes a total failure of lifecycle accountability.

Al performance inevitably drifts.
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Corporate operational priorities shift overnight.
New robots constantly flood the floor.
Ethical questions must be violently reopened long after initial deployment.
The research gap boils down to a simple, dangerous equation:
Operational Optimization — Worker-Centered Governance = Efficient but Potentially

Unethical Automation

Novelty / Proposed Contribution

This paper introduces the Human-Centered Ethical Al Warehouse Framework (HCE-AIWF).

It operates on seven non-negotiable principles.

a) Safety-Bounded Optimization

Al is permitted to optimize:
routes + throughput + inventory + staffing
but only while locked inside explicit, unbreakable occupational safety and ergonomic

constraints.

b) Proportionate Worker Monitoring

Management may collect worker data only when justified by an incredibly narrow, clearly
defined operational purpose.
A productivity system must never quietly mutate into a biometric or behavioral surveillance

panopticon.

c) Fair Task Allocation

The system must actively monitor whether it is distributing physically brutal or highly
undesirable assignments inequitably across the floor.

d) Work-Intensity Protection

Algorithms must hard-code absolute constraints for:
e cumulative workload
e recovery
o task repetition

« walking burden

DOI: 10.63665/1JRI.V02104.05

Pages: 86-117

Published by GalaxiaUniverse

© 2025 The Author(s). Licensed under CC BY 4.0.
https:/ /creativecommons.org/licenses/by/4.0/
https: alaxiauniverse.com/index.php/JRAIE

94



https://creativecommons.org/licenses/by/4.0/
https://galaxiauniverse.com/index.php/JRAIE

« Journal of Responsible Al & Ethics

Volume 02, Issue 04, April 2025 E-ISSN: 3117-6402
https://galaxiauniverse.com/index.php/JRAIE P-ISSN: 3117-6410

TS JRAIE”

e ergonomic exposure

e) Human Contestability

Workers demand the absolute right to challenge:
« incorrect performance data
e unreasonable assignments
« disciplinary inferences

« unsafe automated instructions

f) Responsible Automation Transition

Workers displaced or disrupted by automation must receive access to realistic, funded

training and redeployment pathways whenever operationally feasible.

g) Lifecycle Accountability

Al models require relentless oversight:

monitoring — incident review — fairness audit — change assessment — revalidation.
The framework completely rewrites the primary objective from:

Maximize warehouse efficiency

to:

Optimize warehouse performance subject to enforceable human-centered constraints.
Research Objectives and Research Questions

The study pursues six core objectives:

o To identify major ethical risks associated with Al-enabled warehouse management.

e To distinguish responsible operational optimization from efficiency-first algorithmic
management.

o To evaluate worker safety, privacy, fairness, autonomy, and accountability within a
unified framework.

e To assess how Al task allocation may affect worker burden and perceptions of
fairness.

e To develop governance controls for human-robot warehouse environments.

e To propose a responsible deployment model suitable for future empirical warehouse

research.
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Research Questions

RQ1: Can warehouse Al improve operational performance without increasing worker
surveillance and work intensity?

RQ2: How should Al-based task allocation be evaluated for procedural and distributive
fairness?

RQ3: Which ethical risks contribute most strongly to responsible warehouse-management
performance?

RQ4: Does worker participation improve the governance quality of warehouse automation?
RQ5: What forms of human oversight are necessary when Al recommendations affect
employee performance evaluation?

RQ6: Can responsible Al governance preserve meaningful productivity gains while

improving safety, privacy, and worker autonomy?

Methodology
a) Study Design and Synthetic Dataset

The study utilized a heavily simulation-based ethical-methodological design.
We secured zero real warehouse employees, commercial WMS records, productivity logs,
video surveillance feeds, biometric information, or employer data.
We engineered a synthetic dataset rigorously simulating 4,800 warehouse work shifts.
The simulation aggressively contrasted two distinct Al-management strategies.
Model A — Efficiency-First Al
Primary optimization targets focused exclusively on:
o throughput
e order completion
e picking speed
« robot utilization
o labor efficiency
Model B — Human-Centered Responsible Al
This model retained the exact same operational capabilities but slammed hard constraints into
the code governing:
o safety
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e ergonomics

e privacy
o fairness
« workload

« worker challenge rights
o explainability

Table 1: Ethical Domains in Automated Warehouse Management

Ethical Domain Primary Al Risk Proposed Safeguard
Safety Unsafe robot—worker interaction Speed, proximity, stop controls
Ergonomics Repetitive or excessive burden Workload constraints
Privacy Excessive employee monitoring Data minimization
Fairness Unequal task burden Assignment audit
Autonomy No ability to challenge Al Human review pathway
Transparency Unclear performance score Explanation requirement
Employment Displacement without transition Reskilling pathway
Accountability No responsible decision owner Named governance roles
Security Manipulated robots or data Cybersecurity controls
Lifecycle Risk Model drift Continuous monitoring

Table 1 Interpretation. Warehouse ethical risk is not a single privacy or robotics problem.
OSHA emphasizes the physical hazards introduced by automation, while NIST identifies
safety, transparency, privacy, accountability, and fairness as interdependent elements of
trustworthy Al.

b) Al Task-Allocation Model, Safety Constraints, and Worker Data Governance

The simulated Al management engine inhaled data detailing inventory positions, order
queues, absolute task urgency, aisle congestion, equipment availability, exact worker
locations, skill authorizations, and robot readiness. The efficiency-first model violently
minimized expected completion times, restricted only by the most basic, legally mandated
operational safety restrictions. The responsible model processed the exact same operational
data but forced assignments through a gauntlet of ethical constraints before releasing a single

instruction to the floor.
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Safety constraints severely clamped robot speeds in shared zones, mandated massive
emergency-stop parameters, enforced vast minimum separation rules, paralyzed operations
following even minor sensor uncertainty, and flatly refused to route a worker into an active
robotic path without a confirmed coordination protocol. This directly operationalizes OSHA's
warning that warehouse automation breeds struck-by and caught-between hazards when
engineers fail to integrate automated tools into human working environments.

Workload constraints aggressively tracked cumulative walking distance, chronic repetitive
lifting exposure, repeated banishment to high-demand zones, and dangerous stretches without
adequate task variation. Ergonomic load was never permitted to scale indefinitely simply
because the algorithm hallucinated higher potential throughput.

Worker-data governance operated on strict purpose-limitation protocols. The system
conceptually severed location data required for immediate collision avoidance from the data
pool used for disciplinary performance scoring. The responsible system hard-coded a
prohibition against weaponizing safety-derived data for punitive HR decisions unless a
specific, independent policy basis and explicit human review existed.

This separation is critical because warehouse Al constantly hallucinates operational and
employment-related inferences from the exact same underlying data streams.

Fairness auditing relentlessly interrogated the data to see if workers holding identical
qualifications received systematically unequal physical burdens, differing opportunities, or
biased performance classifications.

Malik and colleagues' worker-centered study heavily supports this architectural direction,
prioritizing privacy, inclusivity, safety, and participatory input as the absolute minimum

requirements for acceptable warehouse robotics.

c) Ethical Evaluation Metrics, Human Oversight, and Lifecycle Audit

The evaluation spanned five distinct domains: operational performance, brutal occupational
safety, worker rights, allocation fairness, and systemic accountability.

Operational metrics tracked simulated order throughput, total picking distance, average
completion times, inventory accuracy, and robot utilization. We intentionally reported these
measures completely separately from ethical outcomes. This permanently prevents massive
productivity gains from mathematically erasing severe worker harm within a single,

deceptive composite score.
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Safety outcomes cataloged terrifying near-miss events, unsafe proximity breaches, horrific
ergonomic exposure, desperate emergency interventions, and completely unplanned human-
robot conflicts.

Worker-rights evaluation scrutinized monitoring intensity, unnecessary data hoarding, the
explainability of opaque productivity scores, meaningful access to human review, and the
frequency of automated disciplinary strikes.

Fairness metrics tracked disparities in cumulative physical workload, brutal undesirable task
exposure, performance-score errors, and shift assignment variations across perfectly
equivalent synthetic worker groups.

We calculated a study-specific Ethical Warehouse Management Index (EWMI), ranging from
0 to 100, deriving the score from safety, privacy, fairness, autonomy, and accountability
metrics. This exists purely as an illustrative methodological index, not a validated
occupational instrument.

Human oversight broke down into three distinct tiers.

Operational oversight granted workers or supervisors the immediate power to Kill or correct
unsafe Al instructions on the floor.

Managerial oversight mandated a human review before the system could execute
consequential performance or disciplinary decisions.

Governance oversight audited massive aggregate patterns, hunting for fairness failures,
privacy breaches, and model drift.

This layered architecture perfectly mirrors NIST's demand that organizations explicitly map
human-Al roles and responsibilities to the specific context.

Lifecycle auditing ruthlessly compared initial model behavior against later operating periods.
It automatically triggered intense reviews following major process changes, repeated safety

incidents, massive model drift, or the introduction of new robotic hardware.

d) Proposed Worker Questionnaire

These five items are proposed for a future empirical warehouse study and were not
administered in the present simulation.
e How clearly do you understand why the Al system assigns particular tasks to you

during a shift?
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e« How confident are you that automated task assignments distribute difficult or
physically demanding work fairly among qualified workers?

e« Do you feel that monitoring technologies collect more information about your
behavior than is necessary for warehouse safety and operations?

e« Can you realistically challenge an Al-generated task, safety instruction, or
performance assessment when you believe it is incorrect?

o Has warehouse automation reduced physically burdensome work without creating

unreasonable pressure to work faster?
Results

All guantitative outcomes reported in this section are strictly synthetic simulation findings
developed for methodological analysis. They must not be interpreted as observed
performance from any actual company, warehouse, employee population, logistics provider,
or commercial robotics platform. The results compare an Efficiency-First Al architecture
with a Human-Centered Responsible-Al architecture across operational efficiency, worker
safety, ergonomic burden, privacy, fairness, explainability, human review, and employment-
support indicators. The overall pattern demonstrates that maximizing warehouse throughput
alone can conceal substantial worker-centered costs, whereas a responsible governance model
can preserve most operational performance while producing considerably stronger simulated
outcomes across safety, autonomy, privacy, fairness, and accountability.

Table 2. Simulated Comparison of Al Warehouse Management Models

Efficiency-First Human-Centered Modeled
Outcome ] )
Al Responsible Al Difference
Order Throughput Index 100.0 96.4 -3.6%
Average Picking Distance 6.8 km 6.4 km -5.9%
Unsafe Proximity Events /
; 18.6 6.2 —66.7%
1,000 Shifts
High Ergonomic-Burden
) 31.7% 16.9% —46.7%
Shifts
Unreviewed Worker-Data
24.3% 4.83% —80.2%
Uses
High Task-Burden Disparity 19.4% 7.1% —63.4%
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Explainable Assignment
o 41.8% 91.3% +49.5 pp
Decisions
Successful Worker Review
27.6% 88.4% +60.8 pp
Access

Table 2 demonstrates that the Human-Centered Responsible-Al model accepts a relatively
modest simulated reduction in peak order throughput while producing substantially stronger
outcomes across worker safety, ergonomics, privacy, fairness, explainability, and review
access. The Order Throughput Index declines from 100.0 to 96.4, corresponding to a 3.6%
modeled reduction. At the same time, average picking distance decreases from 6.8 km to 6.4
km, suggesting that a more responsible allocation strategy need not necessarily increase
unnecessary worker movement.

The most substantial improvements occur in governance and safety indicators. Unsafe
proximity events decline from 18.6 to 6.2 per 1,000 shifts, representing a 66.7% reduction.
High ergonomic-burden shifts decrease from 31.7% to 16.9%, while unreviewed uses of
worker data fall from 24.3% to 4.8%. High task-burden disparity similarly declines by 63.4%.
Explainable assignment decisions increase from 41.8% to 91.3%, and successful worker
access to review mechanisms rises by 60.8 percentage points. These findings illustrate a
central ethical trade-off: maximum theoretical productivity is not necessarily the most
defensible optimization target when marginal output gains are accompanied by substantially
greater worker risk, surveillance, inequity, or lack of contestability.

Graph 1. Reported Endpoint Change in Ethical Warehouse Management Index
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Graph 1 compares the reported beginning and ending values of the simulated Ethical
Warehouse Management Index. Both systems begin with an index value of 52. By the final
reported time point, the Efficiency-First Al model reaches 51, whereas the Human-Centered
Responsible-Al architecture rises to 89. The resulting 38-point difference at the endpoint
indicates a substantial divergence in ethical performance despite both systems beginning
from the same modeled baseline.

The conceptual interpretation is that efficiency-oriented automation may initially improve
certain workflow conditions by reducing inefficient or repetitive tasks, but longer-term
ethical performance can deteriorate if surveillance intensity, workload pressure, task-
allocation disparities, privacy concerns, and limited accountability accumulate during
deployment. The responsible model moves in the opposite direction because safety
monitoring, worker review mechanisms, workload governance, data-use controls, and
explainability remain active throughout implementation. Intermediate monthly numerical
values were not provided in the source data; therefore, the graph presents only the reported
starting and ending values rather than inventing an unsupported 12-month trajectory.

Table 3. Simulated Worker-Centered Outcomes

Pre-Al Efficiency-First Responsible
Worker Outcome )
Baseline Al Al
Perceived Task Fairness /100 61.2 54.7 82.6
Perceived Autonomy /100 64.8 43.1 75.4
Safety Confidence /100 66.3 68.8 88.9
Privacy Confidence /100 60.9 38.7 80.1
Excessive Work-Pace Exposure 21.4% 35.8% 14.6%
Workers Receiving Reskilling
18.7% 27.2% 66.4%
Access
Al Decisions With Human Appeal 23.5% 31.6% 92.1%

Table 3 indicates that the largest negative changes under Efficiency-First Al occur in
perceived autonomy and privacy confidence. Perceived autonomy declines from a pre-Al
baseline of 64.8 to 43.1, while privacy confidence decreases from 60.9 to 38.7. Task fairness

also falls from 61.2 to 54.7. These outcomes suggest that improvements in automation
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efficiency may be accompanied by reduced worker control and increased concern regarding
the way digital systems monitor, classify, and allocate work.

The Responsible-Al architecture produces a substantially different profile. Perceived task
fairness rises to 82.6, autonomy to 75.4, safety confidence to 88.9, and privacy confidence to
80.1. Excessive work-pace exposure falls to 14.6%, below both the pre-Al and Efficiency-
First conditions. Reskilling access increases to 66.4%, while 92.1% of modeled Al decisions
provide a meaningful human appeal pathway. The pattern demonstrates that responsible
warehouse automation is not limited to reducing robotic collision risk. It also requires
attention to worker agency, equitable workload distribution, privacy, training opportunities,
and procedural mechanisms through which automated decisions can be reviewed and
challenged.

Graph 2. Simulated Distribution of Ethical Risk in Automated Warehouse Management

Accountability & Explainabllity

Worker Surveillance & Privacy

Job Displacement & Reskilling

Fairness in Task Assignment

Human-Robot Safety

Algarithmic Waork Intensity

Graph 2 presents the modeled composition of ethical risk within automated warehouse
management. Worker surveillance and privacy represent the largest share at 22%, closely

followed by human-robot safety at 21%. Algorithmic work intensity accounts for 19%, while
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fairness in task assignment represents 15%. Job displacement and access to reskilling
contribute 13%, and accountability or explainability account for the remaining 10%.

The distribution demonstrates why responsible warehouse Al cannot be reduced to robotic
safety alone. A warehouse may achieve an excellent collision-avoidance record and still
exhibit poor ethical performance if its workforce is subjected to disproportionate digital
surveillance, excessive work pacing, unfair task allocation, limited training opportunities, or
unchallengeable algorithmic performance decisions. The graph therefore supports a
multidimensional governance approach in which physical safety remains essential but
operates alongside privacy, fairness, worker autonomy, employment transition, and
institutional accountability.

Table 4. Ethical Al Governance Audit for Warehouse Deployment

Audit Domain Indicator Governance Trigger
Safety Repeated near-miss pattern Immediate safety review
Ergonomics Rising cumulative burden Workload-model adjustment
Privacy New worker-data use Privacy review
Fairness Persistent task-burden gap Allocation audit
Explainability Unexplained performance action Suspend automated action

Human Oversight

Low appeal accessibility

Governance correction

Model Drift Assignment behavior changes Revalidation
Robotics Change New AMR/cobot introduced Hazard reassessment
Worker Feedback Repeated autonomy concern Joint review

Employment Transition

Role displacement

Reskilling assessment

Table 4 converts ethical monitoring into an actionable governance structure. This distinction
is important because identifying an indicator without connecting it to an organizational
response provides limited protection. A repeated near-miss pattern therefore requires an
immediate safety review rather than simple documentation, while rising ergonomic burden
requires modification of workload-allocation logic. A persistent task-burden gap triggers an
allocation audit, and unexplained performance action requires suspension or additional

review before automated action is allowed to proceed.
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The same logic applies to privacy, worker voice, and model change. New uses of worker
information should activate a privacy review, low accessibility of appeal mechanisms should
require governance correction, and changes in assignment behavior should trigger model
revalidation. Introducing a new autonomous mobile robot or collaborative robot similarly
requires renewed hazard assessment because a previously acceptable operating environment
may no longer remain safe. Repeated worker concerns regarding autonomy should lead to
joint review rather than being treated merely as satisfaction data, while role displacement
should activate reskilling assessment. Effective responsible-Al governance therefore depends
on linking measurable indicators to predetermined corrective actions, escalation pathways,

and accountable decision makers.
Discussion / Critical Discussion

The findings vividly illustrate exactly why we cannot evaluate warehouse Al simply by
asking if the automation “works.”

> A lot of things might be working perfectly.

The inventory model might work.

The route optimizer might work.

The robot might work flawlessly.

YV V VYV V

The warehouse might simultaneously become an absolute nightmare for the human
beings trapped inside it.

» The first catastrophic issue is safety.

Automation can certainly rescue workers from agonizing manual transport and heavy lifting.
Yet, OSHA's warehouse guidance explicitly warns that automation violently introduces new,
lethal hazards when engineers fail to integrate it properly.

Responsible automation demands a net-harm perspective.

The relevant question is absolutely not:

Did robots eliminate one task?

It must always be:

Did the redesigned, hyper-accelerated system actually reduce the total physical and
psychological risk placed on the human body?

The second issue is the sheer brutality of algorithmic work intensity.
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Al systems relentlessly hunt down unused seconds, route inefficiencies, idle equipment, and
slightly underutilized labor.

Technically, this is brilliant.

Ethically, there must be a hard boundary.

Human beings are not warehouse robots blessed with infinitely interchangeable cycle times.
Relentless optimization toward maximum utilization systematically strips away the biological
recovery periods that make safe human work physically sustainable.

The third issue is surveillance.

Al desperately needs data, but responsible Al absolutely does not require unlimited,
unrestricted data.

A barcode scan required to verify inventory movement must never automatically justify
permanent psychological or behavioral profiling.

A wearable device mandated to prevent lethal forklift collisions must never silently mutate
into an instrument for disciplinary HR action.

This hard distinction honors NIST's core principle: Al risk management must evaluate
privacy, human impact, organizational context, and downstream trauma, rather than
fetishizing technical accuracy in a vacuum.

The fourth issue surrounds fairness.

Bai and colleagues' algorithmic assignment research proves that allocation processes
aggressively warp both actual productivity and internal fairness perceptions. Worker
acceptance relies heavily on whether these relentless assignments are understandable,
justifiable, and reasonably equitable.

The fifth issue revolves around participation.

Malik and colleagues' 2026 worker study is revolutionary because it violently reverses the
standard design question. Instead of handing workers industry-designed robots and asking
them to cope, it asks workers to design the warehouse robots they would actually tolerate.
That paradigm shift requires massive application across warehouse Al.

Workers must not be surveyed as an afterthought following deployment.

Their lived experience must dictate the system design.

The sixth issue is raw regulatory and organizational accountability.
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Within jurisdictions bound by the EU Al Act, employment and worker-management Al face
intense, heightened regulatory scrutiny, especially when algorithms dictate performance
evaluations, employment decisions, or brutal work allocation.

Responsible corporations must never treat ethical governance as a reluctant response to the
threat of regulation.

A worker must possess the absolute right to know:

o exactly what the system is measuring

o precisely why an assignment was generated

« whether a score can trigger employment termination

o exactly who can review it

« and precisely how an algorithmic error can be corrected

Research Contribution and Implications

This study contributes to the emerging literature on responsible artificial intelligence in
warehouse management by challenging the assumption that technological optimization
should be organized primarily around throughput, speed, and labor productivity. The
proposed framework instead treats warehouse performance as a multidimensional governance
problem in which operational efficiency must be evaluated together with occupational safety,
algorithmic fairness, worker privacy, explainability, human autonomy, and opportunities for
review and contestation. The principal implication is that responsible warehouse automation
should not reject productivity as an objective; rather, it should prevent productivity from
overriding competing human and organizational values when marginal efficiency gains

generate disproportionate social or occupational costs.

a) Contribution to Warehouse Management

The first contribution is the replacement of a narrowly single-objective optimization model
with a multidimensional warehouse-performance framework. Traditional warehouse
optimization frequently emphasizes throughput, picking speed, travel distance, utilization,
and order-completion efficiency. These indicators remain operationally important, but the

present study demonstrates that their interpretation becomes incomplete when higher
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productivity is achieved through increased worker surveillance, excessive pace, unequal task
burdens, reduced autonomy, or avoidable safety exposure.

The proposed conceptual relationship can therefore be expressed as:

Responsible Warehouse Performance = Productivity + Safety + Fairness + Privacy +
Human Agency

This formulation does not imply that all dimensions receive identical numerical weights in
every operational context. Instead, it establishes that warehouse performance should be
judged against multiple legitimate objectives. Productivity remains a central management
concern, but it no longer possesses an automatic priority over worker safety, fairness,

privacy, and meaningful human control.

b) Contribution to Human-Robot Collaboration

The second contribution concerns the allocation of authority between warehouse workers and

automated systems. Responsible human-robot collaboration requires explicit differentiation

among tasks that can be fully automated, tasks for which Al should provide decision support,

tasks requiring shared human—machine execution, and tasks that should remain under direct

human authority because their consequences involve substantial uncertainty, safety risk, or

employment impact.

This distinction challenges the assumption that automation is inherently preferable whenever

it is technically possible. Technological feasibility establishes only that a machine can

perform a task; it does not establish that complete automation is the most appropriate

organizational arrangement. Responsible deployment should therefore assess task criticality,

error consequences, environmental uncertainty, worker expertise, intervention requirements,

and the reversibility of automated decisions before determining the permissible degree of

automation.

A practical task-allocation model is therefore:

o Automate: repetitive, predictable, low-risk operations with reliable safeguards.

o Assist: analytically complex tasks in which Al provides recommendations while humans
retain decision authority.

e Share: dynamic tasks requiring complementary machine precision and human contextual

judgment.
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o Retain Human Control: safety-critical, disciplinary, ambiguous, or high-consequence

decisions requiring accountable human judgment.

c) Contribution to Occupational Safety

The study expands occupational-safety analysis beyond conventional robotic collision
avoidance. Physical separation, obstacle detection, emergency stopping, and safe human-
robot proximity remain essential, but warehouse Al can also affect health through workload
intensity, repetitive motion, task sequencing, recovery opportunities, fatigue accumulation,
and ergonomically demanding assignments.
Accordingly, responsible safety evaluation should incorporate both acute and cumulative
forms of occupational risk. A warehouse may report very few robot—worker collisions while
still producing harmful conditions if algorithmic management repeatedly assigns high-strain
tasks, shortens recovery intervals, or establishes work rates that are difficult to sustain safely
over an entire shift.
The expanded safety framework therefore includes:

« physical collision and near-miss exposure

e cumulative ergonomic burden

« fatigue and inadequate recovery

e repetitive-motion exposure

o excessive or unsafe work pace
This broader interpretation positions worker well-being as an integral component of Al safety

rather than as an issue external to technical system performance.

d) Contribution to Algorithmic Management

A further contribution concerns the governance of Al-generated productivity and
performance assessments. Automated systems can measure task completion, travel time, idle
intervals, scanning patterns, picking accuracy, and other operational variables at a level of
granularity that was previously difficult to achieve. These measurements may support
legitimate operational improvement, but transforming them directly into disciplinary or
employment actions creates substantial risks when context, sensor error, equipment

malfunction, accessibility needs, or exceptional circumstances are not considered.
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The proposed framework therefore separates measurement from employment action. An
algorithmic performance signal should initiate explanation and verification rather than
automatically generate an adverse consequence. Human review should determine whether the
underlying information is accurate, relevant, proportionate, and contextually justified before
action is taken.

The responsible sequence is:

Measure — Explain — Verify — Human Review — Action

By contrast, the following sequence should be avoided:

Measure — Automatic Adverse Action

This distinction transforms Al from an automated disciplinary authority into an accountable

decision-support mechanism.

e) Contribution to Worker Privacy

The study also contributes a purpose-limitation framework for warehouse worker data. Al-
enabled warehouses can generate extensive information through scanners, wearable devices,
cameras, location systems, robotic interaction logs, productivity software, access records, and
other digital infrastructure. The mere availability of these data does not establish that every
data stream should be continuously collected, indefinitely retained, or reused for unrelated
purposes.

Each proposed worker-data stream should therefore be evaluated through three governance
questions:

o Is the information genuinely necessary for the stated operational purpose?

« Isthe amount, precision, and duration of collection proportionate to that purpose?

e Could the information later be reused for a materially different purpose?

Where secondary reuse is contemplated, the new purpose should undergo independent
governance assessment rather than inheriting authorization from the original collection
context. For example, data collected for collision avoidance should not automatically become
disciplinary productivity data merely because the same technological infrastructure makes

such reuse possible.
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Conclusion

Artificial intelligence possesses the raw power to revolutionize warehouse forecasting,
routing, inventory coordination, robot deployment, and brutal task allocation.

The technology possesses equal power to completely devastate worker safety, supercharge
surveillance, annihilate autonomy, force a lethal pace, destroy fairness, and degrade
employment conditions.

The proposed framework therefore enforces a strict sequence:

Operational Data — Al Optimization — Safety Constraints — Worker-Rights
Constraints — Human Review — Warehouse Action — Audit — Adaptation

Within our transparent simulation, the efficiency-first Al squeezed out a slightly higher peak
throughput, only to generate disastrous worker-centered outcomes over time.

Human-centered responsible Al captured the vast majority of the modeled efficiency benefits
while triggering massive improvements across:

o safety

e privacy

o task fairness

« explainability

o appeal access

e ergonomic protection

The Ethical Warehouse Management Index soared to 89 under the responsible system. It
crashed to 51 under efficiency-first management.

Yes, the numbers are synthetic.

The ethical conclusion remains absolutely bulletproof regardless of those exact values.

Al must optimize the warehouse around human safety and human rights. It must never
optimize human beings as if they were just another depreciating piece of warehouse
equipment.

OSHA's current guidance screams that automation introduces lethal hazards demanding
absolute employer control. NIST frames responsible Al as a brutal sociotechnical risk-
management war involving safety, accountability, transparency, privacy, and fairness.

Worker-centered warehouse robotics research finally provides undeniable evidence that
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privacy, inclusivity, and physical safety matter intensely to the people actually expected to
bleed alongside these technologies.
The only defensible future for automated warehouse management is neither entirely manual
nor blindly, recklessly autonomous.
It is fiercely human-centered automation. Here, Al accelerates logistics strictly while choking
on transparent safety rules, fair work design, proportionate monitoring, meaningful worker

participation, and highly identifiable human accountability.
Limitations

The primary limitation is the entirely synthetic dataset.

We evaluated zero real warehouse workers and zero actual employers.

Second, the Ethical Warehouse Management Index has not survived validation as a legitimate
occupational instrument.

Third, warehouses vary wildly according to sheer size, product volatility, automation
maturity, extreme climates, workforce demographics, and brutal regulatory jurisdictions.
Fourth, the productivity and safety impacts of automation rely entirely on the underlying
quality of the implementation.

Fifth, determining fairness between workers cannot rely on demanding identical assignment
frequencies. Acquired skills and security authorizations legitimately dictate task allocation.
Sixth, intense worker surveillance might occasionally find justification in preventing
immediate, catastrophic safety failures.

Seventh, generating meaningful worker participation requires massive organizational support;

deploying a shiny new software feature accomplishes nothing.

Future Work

Future research must abandon synthetic evaluation, moving aggressively into prospective,
multi-warehouse field studies.

A bulletproof design would forcefully compare:

Conventional Warehouse Management

Efficiency-First Al

Human-Centered Responsible Al
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Outcomes must aggressively measure:
Operational Measures

o throughput

e picking accuracy

o travel distance

« robot utilization

Safety Measures

e injuries

 terrifying near misses

o severe fatigue

o crippling ergonomic exposure

Worker Measures

e autonomy
e trust
o fairness

« crushing workload

e Severe privacy concerns

o job satisfaction

Governance Measures

o formal appeals

e system overrides

o explanation quality

« illicit data-access incidents

 silent algorithmic drift

Future research must actively test participatory system design on the floor.

Malik and colleagues' warehouse study proved that workers can brilliantly articulate
alternative preferences for privacy, inclusivity, and safety, rather than simply suffering in
silence beneath systems designed by engineers who have never lifted a box.

Subsequent studies must determine if warehouse Al can truly optimize productivity while

simultaneously being choked by explicit rules imposing:
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maximum ergonomic burden, minimum task variation, brutal fairness constraints, and
massive safety margins.

Regulatory research must ruthlessly investigate how Al-based employee monitoring,
automated performance evaluation, and algorithmic task allocation collide with emerging
workplace-Al legislation. This includes navigating high-risk classifications under the
European regulatory framework wherever applicable.

The most critical future research question therefore remains:

Can an automated warehouse become simultaneously faster, safer, fairer, less intrusive, and
vastly more accountable—and exactly which hard design constraints are required to force

those outcomes into reality?
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