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Abstract 
Humanoid robotics is moving from prototype spectacle toward volume production, but a procurement 
comparison between a robot purchase price and a worker annual cost does not establish socio-economic 
performance. This working paper applies the Socio-Economic Approach to Management (SEAM) to reported 
humanoid-robot manufacturing claims and to the organizational conditions of deployment. The analysis 
treats structures, behaviors, dysfunctions, and hidden costs as a four-leaf whole. It develops a transparent 
best-estimate scenario for a 100-robot logistics or light-manufacturing deployment, rather than presenting 
vendor targets as observed outcomes. The central finding is that rapid robot production can coexist with 
sizeable invisible costs in integration, downtime, rework, safety validation, supervisory time, workforce 
disruption, and foregone learning. The practical implication is not to reject robotics. It is to govern it as a 
socio-technical transformation whose economic result depends on the conversion of hidden costs into 
untapped human potential. 
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Introduction 

The new image of the AI Revolution is not only a chatbot on a screen. It is a humanoid robot moving through 

a factory, warehouse, hospital, or retail back room. Robert Lowe’s YouTube Short usefully maps the speed 

claims circulating in the sector: Figure AI, EngineAI, Agility Robotics, Unitree, Tesla Optimus, and Boston 

Dynamics (Lowe, 2026). The supplied transcript describes Figure AI moving from one humanoid robot per 

day to one per hour in roughly four months, using more than 150 connected workstations and custom 

manufacturing software. Figure reports that its BotQ first-generation line can manufacture up to 12,000 

humanoids annually and that it demonstrated a one-robot-per-hour production cycle for Figure 03 (Figure AI, 

2025, 2026). Agility Robotics similarly described a facility designed to scale beyond 10,000 Digit robots 

annually (Agility Robotics, 2023). These are important capacity signals, but capacity is not deployment, and 

deployment is not sustainable performance. 

SEAM begins exactly where simple return-on-investment narratives stop. It asks how organizational 

structures and human behaviors generate dysfunctions whose costs are hidden from ordinary accounting. Its 

four-leaf model connects structures, behaviors, dysfunctions, and hidden costs; its intervention work seeks to 

recycle these costs into economic and social performance (Savall & Zardet, 2008; Conbere et al., 2018). In 

robotization, the visible invoice may decline while the organization transfers work into supervision, 
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exception handling, skill repair, training, unpaid emotional labor, and intensified work. Those transfers do 

not disappear merely because a spreadsheet calls them efficiency. 

Evidence Base and Analytic Boundaries 

This paper uses the supplied transcript and linked industry claims as a qualitative starting point, cross-

checked where possible against company and research sources. Figure publicly reports a 12,000-unit annual 

capacity target and a demonstrated one-hour Figure 03 cycle time. Goldman Sachs projected a $38 billion 

humanoid-robot market by 2035 and attributed a major revision in its outlook partly to a 40% reduction in 

materials costs (Goldman Sachs, 2024). These statements demonstrate momentum, not a universal labor-

replacement rate. The transcript also reports a first-pass yield of 80%, which means a material rework burden 

at an early production stage. The paper therefore distinguishes manufacturer capacity, claimed production 

cadence, and proven facility-level deployment results. 

The cost figures circulating in the transcript are internally inconsistent, including a likely transcription error 

in the stated lower-cost range. No reliable all-in price for a generally capable industrial humanoid is 

established by the supplied material. The estimates below deliberately use a scenario range rather than an 

asserted market fact. They should be treated as a SEAM management hypothesis to be validated through 

field interviews, time observations, work logs, safety records, and a periodically negotiable activity contract. 

SEAM 2023 Analytic Foundation 

Savall, Zardet, Bonnet, and Savall (2023) provide the stronger theoretical foundation for this analysis. They 

define SEAM as an intervention-research approach in which human potential, not labor treated as a passive 

cost, is the active source of value creation. Their cloverleaf is not a static diagram: it is a way to connect 

spoken accounts of structures, behaviors, dysfunctions, and hidden costs. In robotics AI, that requires hearing 

the stories of operators, technicians, quality personnel, supervisors, and those affected by the deployment 

before assigning a financial meaning to a claimed efficiency gain. 

The 2023 chapter also supplies three analytic commitments for this working paper. First, the mirror effect 

returns a collectively validated synthesis of dysfunctions to those who live them, so that diagnosis is not 

extracted from workers and translated only by management. Second, the SEAM trihedron joins political and 

strategic decisions, time management, and integrated training through tools such as priority action plans and 

periodically negotiable activity contracts. Third, the authors identify the TFW virus: a recurring 

organizational preference for solitary technical action that weakens cooperation. They report that 53% of 

hidden costs in their cited evidence are linked to this lack of cooperation. For robotic AI, the figure is a 

diagnostic proposition to test locally, not a universal percentage to apply without field evidence. 
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The SEAM Storytelling Four Leaf and Root System 

Figure 1. SEAM storytelling four-leaf and root-system diagnostic. 

 

Note. The four-leaf diagnosis is adapted from the SEAM storytelling formulation developed by Savall et al. 

(2023). 

The uploaded SEAM Storytelling image is the analytic grammar for this paper. The four leaves show that 

humanoid robotics has to be studied as a relation among structures, behaviors, dysfunctions, and hidden 
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costs. The roots make the financial consequences visible: excess salary, overtime, overconsumption, 

nonproduction, noncreation of potential, and risks. The image prevents the common mistake of treating a 

robot purchase price as the whole economic story. 

Unpacking the Structures in Robotics AI 

Table 1. Structures requiring a SEAM diagnosis in robotics AI. 

SEAM structure Robotics AI application Question for a field diagnosis 

Physical 
Humanoid body, grippers, batteries, 
charging, workcells, guarding, aisles, 
lighting, and sensors 

Does the body and workspace fit the 
actual task, workers, and safety flow? 

Technological 
Vision, control models, fleet software, 
network, data capture, updates, 
cybersecurity, and integration interfaces 

Who detects failure, owns the data, 
authorizes an update, and restores 
service? 

Organizational 
Shift design, work allocation, escalation 
paths, maintenance coverage, vendor 
contracts, procurement targets, and 
safety governance 

Where does responsibility go when a 
robot is stopped, wrong, damaged, or 
unsafe? 

Demographic 
Age, health, experience, language, 
disability, job tenure, contractor status, 
and access to technical learning 

Which groups are exposed to 
displacement, deskilling, new 
opportunity, or unequal surveillance? 

Mental 
Stories of inevitable replacement, 
efficiency, innovation, risk, craft, and 
human worth 

What story authorizes the project, and 
whose experience does it omit? 

 

Unpacking the Behavioral Leaf 

Table 2. Behavioral levels and human relations in robotics AI. 

Behavioral level Robotics AI pattern SEAM concern 

Individual 
Learning new controls, adapting pace, 
reporting hazards, repairing exceptions, 
or concealing difficulty 

Stress, learning time, confidence, and 
answerability cannot be inferred from 
output alone 

Work group Handing work between operators, 
technicians, quality staff, and shifts 

Automation may move coordination 
work onto groups without recognizing or 
resourcing it 

Professional 
Maintenance, engineering, safety, 
information technology, HR, and 
operations each use different languages 
and standards 

Professional silos can produce slow 
escalation and unowned failure 

Pressure groups 
Unions, regulators, insurers, 
communities, investors, and vendors 
shape the terms of deployment 

External expectations can turn an internal 
efficiency project into a legitimacy crisis 

Collective 
Informal norms about stopping work, 
sharing knowledge, and challenging 
management claims 

Collective voice is a productive asset, not 
resistance to be engineered away 

 



Boje | Humanoid Robotics in AI Revolution | Working Paper 5 

Unpacking the Dysfunction and Hidden Cost Leaves 

Table 3. SEAM dysfunction domains and root financial consequences in robotics AI. 

Dysfunction domain in the image Robotics AI manifestation Root financial consequence 

Working conditions 
Physical strain from higher pace, safety 
uncertainty, heat, charging hazards, 
monitoring, or residual work assigned to 
people 

Occupational injuries, absenteeism, risk, 
overtime 

Work organization 
Unclear task boundaries, idle time during 
stoppages, duplicated checking, 
bottlenecks, weak repair handoffs 

Nonproduction, excess salary, 
overconsumption 

3Cs communication coordination 
cooperation 

Vendor and management stories diverge 
from shop-floor experience; failures are 
not shared across functions 

Nonquality, rework, lost time, risk 

Time 
Learning, recovery, repair, calibration, 
queueing, and exception-handling time 
disappear from the business case 

Overtime, nonproduction, excess salary 

Training 
Workers are expected to supervise AI 
without protected learning time, career 
pathways, or competency recognition 

Turnover, nonquality, noncreation of 
potential 

Strategic implementation 
Automation target is set before a credible 
redeployment, safety, data, and 
accountability plan exists 

Overconsumption, risk, lost revenue, 
noncreation of potential 

 

Savall’s SEAM Storytelling formulation keeps material storytelling connected to structures, behavioral 

practices, and hidden costs that accumulate when a story of modernization is not matched by working reality. 

Robotics AI materializes a narrative in bodies, spaces, schedules, data systems, and relations of 

answerability. A SEAM analysis must collect stories from workers, technicians, managers, customers, and 

communities, then connect those stories to time measures and financial consequences. 

The six root consequences deserve separate accounting. Excess salary can be duplicate coverage required by 

a poorly designed deployment. Overtime can indicate unplanned repair and coordination. Overconsumption 

includes parts, energy, training repetition, consultant hours, and rework. Nonproduction includes stopped 

flow and lost service capacity. Noncreation of potential measures the value foregone when workers’ 

knowledge is not developed or redeployed. Risks include injuries, compliance exposure, cyber and data 

failures, and future liabilities omitted by a short-term business case. 

 



Boje | Humanoid Robotics in AI Revolution | Working Paper 6 

Hidden Cost Categories for Robotization 

Table 4. Hidden-cost categories, mechanisms, and field evidence for robotization. 

SEAM category Likely automation 
dysfunction Hidden cost mechanism Field evidence required 

Excess salary and overtime 
Human coverage remains 
necessary during early shifts 
and breakdowns 

Premium hours, duplicate 
staffing, supervisory 
escalation 

Payroll by task and shift; 
overtime logs; exception 
tickets 

Nonproduction 
Robot downtime, charging, 
safety stops, unreliable 
handoffs 

Idle workers, missed output, 
congestion, lost service level 

Downtime codes; time 
observation; throughput by 
hour 

Overconsumption 
Rework, spare parts, energy, 
training repetition, integration 
consulting 

Materials, support contracts, 
repeated testing and 
calibration 

Maintenance records; 
invoices; energy and rework 
data 

Noncreation of human 
potential 

Displaced tacit knowledge 
and weak reskilling pathways 

Lost innovation, turnover, 
lower quality improvement, 
foregone revenue 

Interviews; turnover; 
competency grid; 
improvement suggestions 

Risk and nonquality 
Safety incidents, product 
damage, cyber or data 
incidents 

Claims, recalls, investigation, 
reputational and compliance 
cost 

Safety reports; quality 
defects; incident and audit 
records 

 

Best Estimate Scenario and Qualimetric Logic 
The following scenario is deliberately conservative and explicit. It models 100 humanoid robots in a logistics 

or light-manufacturing setting during the first operating year. It does not claim that every robot replaces a 

full-time employee. Instead, it assumes that each robot releases 0.70 full-time-equivalent of repetitive task 

capacity after downtime, safety coverage, task limitations, and human coordination are considered. This is a 

planning assumption, not an observed average. The dollar values are management estimates used to expose 

questions that must be tested locally. 

Table 5. Best-estimate qualimetric scenario for 100 humanoid robots in the first operating year. 

Scenario input Low case Base case High case Interpretive note 

All-in first-year robot 
cost per unit $45,000 $75,000 $120,000 

Purchase or lease 
equivalent, 
deployment, 
integration, and 
support allowance 

Human task capacity 
released per robot 0.40 FTE 0.70 FTE 1.00 FTE 

Capacity released is 
not layoffs; it can fund 
redesign, quality, and 
service work 

Fully loaded annual 
labor cost per FTE $85,000 $110,000 $140,000 

Use local wage, 
benefit, and overhead 
records 

Visible annual gross 
capacity value for 100 
robots 

$3.40m $7.70m $14.00m 
Released FTE capacity 
multiplied by loaded 
annual cost 

First-year visible robot 
investment $4.50m $7.50m $12.00m 100 units multiplied by 

estimated all-in cost 



Boje | Humanoid Robotics in AI Revolution | Working Paper 7 

Scenario input Low case Base case High case Interpretive note 
Hidden cost loading as 
share of visible 
investment 

25% 45% 70% 
Integration, 
nonproduction, rework, 
training, support, and 
turnover risk 

Estimated first-year 
hidden costs $1.13m $3.38m $8.40m 

A SEAM diagnostic 
hypothesis, not a 
booked accounting 
total 

Untapped human 
potential if redeployed 
and trained 

$0.85m $2.31m $4.20m 

25% to 30% of 
released capacity 
deliberately reinvested 
in human improvement 
work 

 

The base case illustrates the difference between procurement arithmetic and SEAM arithmetic. Visible 

released capacity of $7.70 million is close to a visible first-year robot investment of $7.50 million. A 

superficial analysis might call this near-immediate payback. Adding a 45% hidden-cost loading, however, 

produces an estimated $3.38 million of unbudgeted cost pressure. The answer is not to declare the project a 

failure. It is to ask whether human capacity is being released into higher-value work or merely expelled from 

the organization. If 30% of the released capacity is formally directed to preventive maintenance, quality 

improvement, customer recovery, safety learning, and worker-led redesign, about $2.31 million of untapped 

potential can become productive. The remaining gap requires a local redesign plan, not an automation 

slogan. 

Untapped Human Potential 

The most important SEAM question is what happens to people after a task is automated. If workers are 

treated as residual cost, the organization may lose the people who understand variation, damage, customer 

needs, near misses, workarounds, and the practical limits of an AI system. That loss reappears as downtime, 

nonquality, turnover, and the noncreation of human potential. If workers are instead involved as co-

designers, the deployment can build new roles: robot workcell coordinator, quality and safety observer, 

maintenance apprentice, data and exception steward, customer-recovery specialist, and continuous-

improvement storyteller. The object is not sentimental preservation of every old job. It is a planned 

conversion of repetitive strain and wasted time into human judgment, learning, and value creation. 

This conversion requires the SEAM 3Cs: communication, coordination, and cooperation. Communication 

means telling the truth about intended uses, task boundaries, and employment consequences. Coordination 

means a jointly maintained operating rhythm across production, safety, information technology, 

maintenance, human resources, and vendor teams. Cooperation means that people closest to the robot can 

stop work, report a failure, propose a redesign, and see whether the proposal changes the system. Without the 

3Cs, the AI Revolution becomes a one-way story told by procurement. 
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SEAM Intervention Design 

Table 6. SEAM intervention design for a robotic AI deployment. 

Intervention phase Actions SEAM tools Measures of conversion 

Diagnosis 

Interview workers, 
supervisors, maintenance, 
safety, and customers; 
observe shifts; trace 
exceptions 

Qualimetric coding; hidden-
cost account; competency 
grid 

Dysfunction map; baseline 
time and cost; worker-
validated findings 

Project design 
Select one bounded 
workflow; define safety and 
quality gates; agree 
redeployment rules 

Priority action plan; 
periodically negotiable 
activity contract 

Joint commitments; explicit 
task ownership; stop-work 
authority 

Implementation 
Pilot with protected learning 
time; train before and during 
rollout; review daily 
anomalies 

Time-management tool; 
piloting logbook; training 
plan 

Downtime, rework, injury, 
overtime, and learning 
indicators 

Evaluation 
Compare expected, visible, 
and hidden effects; revise 
assumptions with participants 

Internal-external strategic 
action plan; periodic 
evaluation 

Hidden costs recycled; 
improvements sustained; 
human potential created 

 

Company Workforce Evidence and Causal Boundaries 

Lowe’s video is a valuable industry map, but a SEAM analysis must not convert a sector-level production 

story into an untested claim that every manufacturer or customer has laid off workers because of humanoids. 

The available public evidence is uneven. A disclosed reduction shows an organizational vulnerability that 

merits diagnosis; it does not by itself establish the cause of the reduction. The relevant unit of analysis is the 

task system: a particular workcell, warehouse flow, vehicle plant, or robot-manufacturing line, with its 

before-and-after work design, staffing, safety, quality, time, and revenue data. 

The public record used below includes reporting on Tesla’s 2024 reduction, Boston Dynamics’ 2024 

reduction, Amazon’s safety settlement, Agility’s 2024 staffing reduction, and announced expansion at 

EngineAI. It is evidence for questions and baselines, not a causal proof of displacement by a robot (Reuters, 

2024a, 2024b). 

Table 7. Public workforce evidence and SEAM research questions for companies named in the Lowe 
video. 

Company or deployment 
setting Public workforce evidence Causal boundary SEAM research question 

Figure AI 

No verified public mass-
layoff count located in the 
reviewed sources; a former 
safety leader filed a retaliation 
claim after raising safety 
concerns. 

Do not infer displaced-worker 
totals from capacity or hiring 
claims. 

How much additional safety, 
quality, integration, and 
exception work is created per 
deployed robot? 

EngineAI 
No verified public layoff 
count located; its Shenzhen 
manufacturing-base 

A production target is not an 
employment outcome. 

What human work is shifted 
into programming, test, 
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Company or deployment 
setting Public workforce evidence Causal boundary SEAM research question 

announcement describes 
expansion and delivery. 

repair, supplier coordination, 
and post-sale support? 

Unitree 
Public reporting describes 
high core-staff attrition, not a 
verified mass-layoff total. 

Attrition, layoff, and 
automation displacement 
must be coded separately. 

Which capabilities and 
relationships are lost when 
rapid scale-up increases 
turnover? 

Agility Robotics 
The company confirmed a 
small, undisclosed 2024 
workforce reduction during 
commercialization. 

No public count or direct 
evidence ties the reduction to 
Digit deployment. 

Can commercial ramp-up be 
organized around competency 
grids and redeployment rather 
than loss of capability? 

Tesla and Optimus 

Tesla announced a 2024 
reduction of more than 10% 
of its global workforce, 
widely reported as at least 
14,000 jobs. 

The public record links the 
reduction to sales, 
competition, and 
restructuring; it does not 
isolate Optimus as the cause. 

What is the foregone value if 
affected workers are not 
redeployed into 
manufacturing, quality, 
service, and AI-transition 
work? 

Boston Dynamics and 
Hyundai 

Boston Dynamics cut 45 
employees, approximately 5% 
of its workforce, in December 
2024 amid cash-burn 
concerns. 

The reported cause was 
financial pressure, not a 
demonstrated replacement of 
people by Atlas. 

What technical, safety, and 
commercialization knowledge 
is lost when a robotics firm 
cuts across functions? 

Amazon warehouse 
operations 

Amazon agreed in 2024 to 
implement U.S.-wide safety 
measures after federal 
ergonomic-injury claims; 
2025 reporting and internal 
plans raise future workforce 
concerns. 

Safety and future hiring 
projections are not proof that 
an individual robot caused an 
injury or layoff. 

Does robotics reduce 
ergonomic risk, or does pace, 
task fragmentation, and weak 
3Cs move risk elsewhere? 

 

The table creates a research discipline. Claims about job elimination must be dated, sourced, and attributed 

only where evidence warrants it. For China-based firms, public layoff data are especially incomplete; the 

correct result is not to fill the gap with a Western assumption but to mark the gap, gather local documents 

and interviews, and continue the diagnosis. This is consistent with the SEAM interviews-documents-

observations method and its warning that storytelling alone is not sufficient evidence (Savall et al., 2023). 

Lost Revenue and DPIE Conversion Analysis 

The central economic question is not the payroll avoided by firing people. It is the revenue and cost-recovery 

opportunity foregone when people who know the work are removed rather than organized into DPIE teams. 

A payroll dollar is not automatically a revenue dollar. Therefore, this paper distinguishes compensation 

exposure from realized revenue contribution. The former can sometimes be approximated from public 

headcounts; the latter requires field measures of improved throughput, fewer defects, recovered customer 

service, reduced incidents, and new revenue generated by redeployed people. 

Table 8. SEAM formulas for estimating hidden-cost loss and DPIE conversion value. 

Measure Formula What must be measured locally 
Hidden-cost loss HC = Σ(frequency of dysfunction × time 

or resource loss × local unit cost) 
Absence hours, injury costs, overtime, 
rework, downtime, scrap, energy, outside 
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Measure Formula What must be measured locally 
support, and time spent on unplanned 
coordination 

Foregone DPIE value 
FDV = displaced or underused FTE × 
redeployment share × annual 
contribution per DPIE FTE 

The share of people who could have been 
reassigned and the actual contribution 
margin or verified cost recovery of each 
DPIE role 

Net conversion value 
NCV = verified DPIE contribution + 
hidden costs avoided - training - 
transition - tooling costs 

Revenue from new services or capacity, 
cost avoidance, training time, redesign 
expenses, and robot support expenditure 

Strategic implementation loss SIL = delayed or failed strategic action × 
measured margin at risk 

Lost orders, delayed launches, quality 
escapes, customer churn, regulatory 
exposure, and missed learning 
opportunities 

 

These are SEAM operational formulas, not a license to substitute generic market statistics for diagnosis. 

Savall et al. (2023) place time management first because it reveals where low-value activity, overtime, and 

nonproduction are concentrated. Competency grids then show which capabilities are vulnerable. The priority 

action plan, dashboard, and periodically negotiable activity contract convert this evidence into a collectively 

managed redeployment plan. 

Table 9. Illustrative foregone DPIE contribution scenario using publicly reported workforce reductions. 

Case Publicly reported 
affected FTE 

Illustrative 
annual 
contribution per 
redeployed DPIE 
FTE 

10% 
redeployment 

25% 
redeployment 

40% 
redeployment 

Tesla 2024 
reduction 14,000 or more $60,000 $84.0m $210.0m $336.0m 
Boston Dynamics 
2024 reduction 45 $60,000 $0.27m $0.68m $1.08m 
Amazon corporate 
reduction reported 
in 2025 

14,000 $60,000 $84.0m $210.0m $336.0m 

 

Note. The figures in Table 9 are illustrative foregone annual contribution scenarios, not audited revenue 

losses and not causal claims about humanoid robots. They multiply the publicly reported FTE count by the 

stated redeployment share and a deliberately transparent $60,000 annual contribution assumption. The 

assumption must be replaced in field research by documented contribution margin, recovered service 

revenue, verified cost avoidance, or other local value evidence. No calculation is shown for Figure AI, 

EngineAI, Unitree, or Agility because the reviewed public sources do not provide a reliable comparable 

affected-FTE count. 

The deeper roots are visible in this framework. Excess salary and overtime include duplicated coverage, 

costly AI and robot-programming support, emergency maintenance, and unplanned supervision. 

Overconsumption includes purchasing robots where task-specific automation, redesign, or human judgment 

would create more value; it also includes energy, spare parts, integration contracts, and repeated retraining. 
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Nonproduction includes the lost output of dismissed workers, downtime, stalled recovery work, and the 

absence of people able to solve exceptions. Noncreation of human potential occurs when superiority stories 

make the workforce appear obsolete, so that experiential knowledge is neither trained nor redeployed. Risk 

includes ergonomic injury, product and service failures, cyber exposure, liability for displacement decisions, 

and the strategic damage of short-term cost cutting that makes long-term implementation less capable. 

For Amazon, this means the SEAM study has to test a claim, not presume it: whether robotic deployment 

reduces the ergonomic burden of specific tasks while maintaining safe pace, adequate recovery, worker 

voice, and stop-work authority. The 2024 federal settlement and public debate about warehouse injury rates 

make safety a required cost category, not an afterthought. A robot that removes one lifting task while 

intensifying the remaining human pace can shift rather than reduce hidden costs. 

A SEAM deployment should report a dual scorecard. The economic side includes throughput, quality, 

energy, maintenance, capital, and service-level performance. The social side includes workload, injuries and 

near misses, overtime, turnover, learning hours, participation in redesign, and the quality of employment 

transitions. Both are needed because a project that improves output while deteriorating coordination and 

human capability is borrowing against its own future. 

Three Historical Tests of the SEAM Robotics Alternative 

The question is no longer whether robots can perform some tasks. It is whether the organizational choice to 

displace workers produces better socio-economic results than a deliberate conversion of released time into 

human capability. Three cases make the question concrete: a robot manufacturer learning to commercialize a 

humanoid, a high-volume parcel-sorting system deploying warehouse robotics, and an electric-vehicle 

manufacturer restructuring while investing in AI and automation. These are not three identical industries. 

That is their value. Together they show how the same efficiency story changes when the unit of analysis 

moves from the machine to the living system of work. 

Table 10. Historical comparison design for three SEAM robotics cases. 

Case Historical turning 
point 

Visible management 
narrative 

SEAM historical 
question Evidence required 

Agility Robotics and 
Digit 

2023 RoboFab scale-
up; 2024 long-term 
commercial 
deployment at GXO 

Commercialization, 
scale, and relief from 
difficult repetitive 
logistics work 

Does early 
commercialization 
retain and develop the 
engineering, field-
service, safety, and 
customer-learning 
capacity required for 
reliable deployment? 

Headcount and role 
changes; deployment 
logs; robot availability; 
exceptions; 
engineering changes; 
customer renewal and 
service revenue 

Amazon parcel sorting 
and warehouse robotics 

2012 Kiva acquisition; 
subsequent robotics 
expansion; 2024 safety 
settlement 

Throughput, faster 
fulfillment, lower 
physical strain, and 
safer handling 

Does automation 
reduce total human 
harm and create better 
work, or does it move 
injury, pace pressure, 

Facility-level injury 
and near-miss data; 
task rates; job rotation; 
turnover; overtime; 
worker interviews; 
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Case Historical turning 
point 

Visible management 
narrative 

SEAM historical 
question Evidence required 
and exception work 
into less visible parts of 
the system? 

throughput; claims; 
corrective-action 
records 

Tesla manufacturing 
and Optimus 

2018 and 2024 
restructuring amid EV 
competition and AI 
investment 

Cost reduction, 
productivity, 
innovation, and 
strategic focus 

What is lost when 
workforce cuts 
interrupt the internal 
capability needed for 
quality, service, 
manufacturing 
learning, and new AI-
enabled production? 

Role-level layoff and 
redeployment data; 
quality and service 
indicators; launch 
delays; training; 
internal mobility; 
defect and rework 
costs; contribution 
margin 

 

The historical record has an asymmetry. Companies publish investments, products, factory openings, and 

savings narratives more readily than they publish the work displaced into repair, supervision, injury recovery, 

or lost innovation. This asymmetry is itself a SEAM finding. It tells the researcher where interviews, 

documents, and observation must begin. The correct comparison is not one robot versus one worker. It is two 

pathways for the same task system: a displacement pathway and a human-robot bridge pathway. 

Case One Agility Robotics and the Manufacturer Learning Problem 

Agility Robotics is a useful manufacturer case because Digit moved from development and factory-scale 

ambition into a long-term commercial deployment at a GXO facility near Atlanta in June 2024 (Agility 

Robotics, 2024). The event matters less as a claim that humanoids have arrived than as a historical test of 

what commercialization requires. A robot manufacturer does not sell only a body, batteries, motors, and 

control software. It sells a continuing capacity to learn from failures in a customer setting, modify work 

instructions, service equipment, respond to safety concerns, train users, manage suppliers, and translate 

between a warehouse and an engineering organization. 

A displacement strategy at the manufacturer can look attractive when cash is scarce. Technical staff appear 

as expense before their accumulated field knowledge appears as revenue. Yet the hidden-cost question is 

whether reduced staffing creates longer repair cycles, weaker customer integration, delayed design 

correction, incomplete safety learning, and lost repeat sales. In a Robots-as-a-Service model, the value of a 

deployment is especially relational: recurring revenue depends on uptime, trust, responsiveness, and the 

ability to adapt a robot to changing operational conditions. Those are precisely the outcomes created by 

human coordination, not by the hardware alone. 

The SEAM alternative is a commercialization DPIE team composed of field technicians, customer operators, 

safety personnel, product engineers, and a worker representative from the deployment site. Its task is not 

merely to keep Digit running. It codes every exception: failed pick, delayed handoff, near miss, confusing 

instruction, maintenance delay, training gap, and customer workaround. The team then converts that 
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evidence into design changes, training modules, and customer value. The measurable results are lower time-

to-recovery, fewer repeated failures, shorter customer acceptance cycles, reduced outside-support cost, and 

improved renewal or expansion revenue. A manufacturer that dismisses this team may preserve cash in the 

short term while destroying the learning loop through which a humanoid becomes commercially dependable. 

Case Two Amazon Parcel Sorting and the Safety Productivity Trade Off 

Amazon provides the largest available historical test because robotics has been embedded in its fulfillment 

network since the 2012 acquisition of Kiva Systems, while sorting, picking, transport, induction, and storage 

technologies have continued to change (Amazon, 2022). The historical question is not whether Amazon 

robots move packages. They do. The question is what happens to the work that remains: the pace, repetition, 

recovery, monitoring, exception handling, injury exposure, and possibility of worker voice. 

The public evidence cautions against a one-sided answer. Burtch, Greenwood, and Ravindran (2025) report 

that warehouse robotics were associated with a 40% decrease in severe injuries and a 77% increase in non-

severe injuries, with evidence that increased pace contributed to the latter. The result does not prove that 

every Amazon robot causes injury; it does show why a safety claim cannot be reduced to a collision-

avoidance demonstration. In 2024, Amazon agreed to nationwide ergonomic measures that included 

adjustable workstations, mats, harnesses, job rotation, and a process for reviewing worker-identified hazards 

(Reuters, 2024a). These measures are close to the SEAM proposition: technology is not safe in the abstract; it 

is safe or unsafe in a concrete organization of time, workload, equipment, and voice. 

For a parcel-sorting facility, the SEAM counterfactual should follow a selected workflow before, during, and 

after robotic introduction. The displacement pathway uses released labor primarily to reduce headcount and 

increase task pace. The bridge pathway redeploys a defined share of released capacity to job rotation, 

preventive ergonomics, robot exception recovery, quality inspection, customer-damage reduction, 

maintenance apprenticeship, and worker-led redesign. The bridge must be funded and scheduled; it cannot be 

an invitation to contribute improvement ideas after an exhausting shift. Its evidence is a time series: packages 

per paid hour, recordable and non-recordable injuries, near misses, missed breaks, overtime, turnover, 

customer claims, downtime, and the rate at which worker-raised hazards are corrected. 

This case reaches beyond the individual warehouse. Amazon's ability to promise rapid delivery rests on a 

network of workers, contractors, facilities, robots, and algorithms. If the robots increase flow but the 

remaining human work becomes more repetitive or compressed, the system may externalize cost into 

workers compensation, turnover, disability, and community health. SEAM makes that transfer visible. It asks 

whether the apparent logistics gain remains a gain after the organizational system is charged for the time and 

harm it consumes. 
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Case Three Tesla Workforce Restructuring and AI Manufacturing 

Tesla is the most consequential displacement case in this paper because it joins highly automated 

manufacturing, a public commitment to AI and Optimus, and repeated restructuring. In April 2024, Tesla 

announced a reduction of more than 10% of its global workforce amid declining sales and intense electric-

vehicle competition (Reuters, 2024b). Public reporting placed the reduction at 14,000 or more workers. The 

evidence does not establish that Optimus caused those cuts, and the paper should not say so. The SEAM 

question is different: when a firm simultaneously reduces people and pursues AI-enabled production, what 

forms of productive capability are it at risk of eliminating? 

Tesla's 2024 Form 10-K makes the contradiction visible. It reported a worldwide headcount of 125,665 at 

year end, more than 13,000 internal career advances during the year, and a management group substantially 

promoted from internal, non-managerial roles (Tesla, 2025). This is evidence that internal development has 

economic value in Tesla's own operating model. A layoff can therefore be analyzed not only as payroll 

reduction but as a potential interruption of the internal labor market that supplies supervisors, manufacturing 

technicians, controls engineers, quality experts, service personnel, and practical problem-solvers. 

The SEAM alternative would not insist that every affected job remain unchanged. It would establish a 

transition compact before automation or restructuring: identify the roles and competencies likely to be 

released; provide protected training; fund temporary DPIE assignments; and measure the financial 

contribution of quality recovery, service backlog reduction, battery and energy-storage improvement, 

manufacturing error prevention, safety improvement, and AI implementation support. The decision rule is 

empirical. If redeployment produces a verified contribution greater than its compensation, training, and 

transition cost, it is a better business decision as well as a better human decision. If it does not, the 

organization should say so honestly, revise the design, and protect workers through a negotiated transition 

rather than hide a strategic choice behind the vocabulary of inevitability. 

Table 11. Illustrative annual bridge calculations for the three cases. 

Case Planning assumption Redeployment 
calculation 

Illustrative annual 
contribution Interpretation 

Agility 
commercialization 
team 

75 technical and 
operational roles 
exposed to a scale-up 
decision; 30% assigned 
to DPIE work; 
$100,000 verified 
annual contribution per 
role 

75 x .30 x $100,000 $2.25m 

A planning scenario, 
not a reported 
headcount or revenue 
figure. It estimates the 
value needed from 
retained field-learning 
capacity. 

Amazon parcel-sorting 
facility 

1,000 FTE facility; 
15% released task 
capacity; 30% assigned 
to DPIE work; $60,000 
annual contribution per 
role 

1,000 x .15 x .30 x 
$60,000 $2.70m 

A representative 
facility scenario. It 
must be replaced by 
local staffing, task, 
injury, and margin 
data. 
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Case Planning assumption Redeployment 
calculation 

Illustrative annual 
contribution Interpretation 

Tesla 2024 
restructuring 

14,000 affected FTE; 
25% assigned to DPIE 
work; $60,000 annual 
contribution per role 

14,000 x .25 x $60,000 $210.0m 

A transparent 
foregone-contribution 
scenario, not audited 
revenue or proof that 
Optimus caused a 
layoff. 

 

Table 11 does not prove that the bridge pathway wins in every case. It shows the necessary threshold. The 

annual contribution must be verified from contribution margin, avoided rework, fewer incidents, service 

recovery, customer retention, or other measured value. At the same time, the displacement calculation must 

include more than wages avoided. It must include severance, recruitment when skills must later be rebuilt, 

loss of process knowledge, interruption of implementation, safety and quality exposure, and the opportunity 

cost of not converting human capability into improvement work. The comparison is most defensible as a 

three- to five-year net-present-value analysis, with sensitivity tests for robot uptime, training cost, injury cost, 

turnover, quality loss, and market demand. 

A Human Robot Bridge Rather Than a Layoff Algorithm 

A SEAM robotics program is possible, but it is not self-executing. It requires a governance choice. 

Management must decide before deployment that released capacity has a destination other than 

unemployment. The bridge has five commitments: disclose the task and employment design; preserve a 

protected pool of transition time; create mixed DPIE teams with authority to redesign work; measure both 

economic and social results; and share the gains through career pathways, safer jobs, or shorter and more 

sustainable work. These are not charitable additions to a technical project. They are the conditions under 

which a complex robotic system can learn without consuming the human system that makes it work. 

This bridge has an Asimov-like moral clarity, though it is organizational rather than fictional. A robot should 

not be judged successful merely because it can replace a motion. Its success depends on whether it reduces 

avoidable human harm without creating a new harm through pace, displacement, surveillance, or the 

withdrawal of human judgment. The first obligation of a human-robot system is therefore not maximum 

substitution. It is accountable augmentation: use machines to remove strain, danger, and monotonous waste 

while expanding the capability, safety, and answerability of the people who remain responsible for the whole 

system. 

Discussion 

Humanoid robotics may prove valuable where work is hazardous, physically exhausting, repetitive, or 

difficult to staff. Yet general-purpose humanoids are not an automatic substitute for well-designed task-

specific automation. As one robotics practitioner noted, purpose-built automation is typically higher-



Boje | Humanoid Robotics in AI Revolution | Working Paper 16 

performing and lower-cost for a defined task (Wired, 2025). The special promise of a humanoid form is 

flexibility in human-built environments. The special danger is that flexibility is mistaken for universal 

competence. Facilities need to validate actual reliability, safety, task success, recovery time, and governance 

rather than treating factory cadence as proof of operational readiness. 

The SEAM analysis also shifts the political question. When management says that the price of a machine is 

lower than the annual cost of a worker, it is comparing a capital artifact with a full social life. The human 

cost includes not only wages but the knowledge, cooperation, care, judgment, and potential that make a 

production system resilient. The organization must decide whether it will use AI to deepen a cycle of hidden 

costs or to create a more answerable form of human-machine work. This is why the historical cases matter: 

they turn a general ethical concern into an operational decision about budgets, roles, time, evidence, and 

value. 

Conclusion 

The AI Revolution in robotics is real, rapid, and uneven. Reported capacity increases deserve attention, but 

they are not a substitute for a socio-economic diagnosis. The historical evidence does not support the 

comforting claim that displacement is always efficient, nor does it support the equally simple claim that 

every robotic deployment is a social failure. It supports a harder conclusion: displacement is often an 

accounting result produced by a narrow boundary around the business case. When that boundary is widened 

to include injury, turnover, repair, lost learning, customer recovery, quality, and strategic implementation, the 

apparent savings can shrink, disappear, or reverse. 

SEAM offers a practical alternative. It says that a firm may automate a task without discarding the people 

whose experience makes automation workable. A robot manufacturer can retain the field-learning capacity 

that turns a prototype into a trusted service. A warehouse can use robotics to remove heavy and hazardous 

work while redeploying people to safety, quality, exception recovery, and redesign. A manufacturer such as 

Tesla can treat internal mobility and AI-transition work as a strategic asset instead of an expendable cost. 

The future is not determined by whether a machine has hands, wheels, or a humanoid body. It is determined 

by whether organizations build a bridge between technical capability and human potential, or use technology 

to sever it. 

The bolder conclusion is therefore this: the decisive innovation in the robot age is not the humanoid robot. It 

is the institution that refuses to measure success by human displacement alone. A responsible firm should 

publish its automation transition account: jobs changed, people redeployed, skills created, injuries prevented, 

hidden costs recovered, and value shared. Until it does, claims of productivity remain incomplete. The 

Asimov question for real organizations is not whether robots will become more human-like. It is whether the 
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organizations that deploy them will become more answerable to the humans whose work, knowledge, and 

futures they reorganize. 
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