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INTRODUCTION

The conventional theory of risk management places the center of gravity
around the event. We look at the sliding, the collapsing, or the poor workings of
the machines when the damage is already done. Throughout decades, the
industry was operating within a reactive compliance model; that is, compliance
with regulatory measures; OSHA in the United States, Health and Safety
Executive (HSE) in the United Kingdom and Safe Work Australia in the Asia-
Pacific region indicated that the regulatory measure is safe. In truth, as any risk
practitioner who has done the Associate in Risk Management (ARM) designation
secretarial discovers, compliance is at most but one side of a tripod risk strategy.

The progressive dynamics of global supply chains and the growth of
workforce demands have extended the adaptable safety models as far as 2026.
Predictive Occupational Health is the trend that inevitably brings the subsection
of the model of Historical Loss to the sacrifice of the model of Proactive
Prevention. Through information-based knowledge, risk managers can currently
highlight the difficult-to-address risks like fatigue, micro-ergonomic strains and
environmental stressors, before they reflect on the balance sheet. The key point
about this article is that the lagging indicator model is not adaptable to the new
world, both economically and morally. This can be seen in the paragraphs that
follow as leading indicators provide a superior forecast on likely losses and how
the Risk Manager of 2026 will be required to be a data translator: translator
between the shop floor and the C-suite.

THEORETICAL REVIEW
From the Safety Pyramid to Resilience Engineering

In 1931, Herbert Heinrich created the publication Industrial Accident
Prevention: A Scientific Approach, in which he came up with the Safety Pyramid.
In his model, he assumed that every 1 serious injury will be associated with 29
minor injuries and 300 near-misses. To correct this severe deficiency of the model,
i.e.,, having a unified causal mechanism, by predictive analytics, the problem is
remedied by ranking hazard-specific and high-severity predictors of the cause
rather than trying to apply the one-size-fits-all model of intervention (Heinrich,
1931).

The Swiss Cheese Model of accident causation was introduced in the 1990s
by James Reason, who presumed that complex systems contain a number of
defensive layers, each of which contains some flaws in its own way. An accident
will only occur by coincidence of the holes in all levels. The predictive analytics
is peeking at each of the layers in real-time: when an increase in heat is detected
by a machine sensor and a high degree of fatigue is detected by the wearable of
an operator, the system sends the signal of the impending alignment to the
human rather than allow the error to take control of the chain (Reason, 1990).
Safety II and Resilience Engineering

Over the last decade, the paradigm of Safety II, invented by Erik
Hollnagel, has become exceptionally popular. In Why did things go wrong?
Where Safety I says. The question of Safety II is: Why do things work out, and
under what circumstances can that be appropriate? A developed IoW platform
using the principles of Safety II becomes a coach, aware of all the successful
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workdays and seeing the slightest deviation towards unsafe norms before the
accident - the definition of the operation of a leading indicator operationally
(Hollnagel, 2023).

METHODOLOGY

The application and conceptual analytical framework adopted in the
Associate in Risk Management (ARM) curriculum are considered in the article.
The analysis is designed under three areas (1) important literature analysis of the
theoretical evolution of OHS frameworks beginning with Heinrich to Heinrich
pyramid to the modern resilience engineering (2) finance modelling task
comparing the Total Cost of Risk (TCOR) decomposition and holding a return-
on-investment (ROI) case study of a normal 1,000-employee manufacturing
organisation; and (3) analysis of particular case study on predictive analytics
application within the construction and logistics industry. The industry
benchmark data are gathered with the help of the National Safety Council, IRMI,
and ASSP. The technical architecture of the Internet of the Worker (IoW) is
validated in a three-layered model made up of Data Acquisition, Predictive
Processing and Prescriptive Intervention, which is in line with the six steps of the
ARM Risk Management Process.

RESEARCH RESULTS
The Problem with Lagging Indicators

The most frequently quoted measures are the Lagging indicators
encompassing the Lost Time Injury Frequency Rate (LTIFR), TRIR and Days
Away, Restricted or Transferred (DART) rate to a working safety professional in
real time. The facility is allowed to have three sequential years, and the control
of risk is controlled by the management when there are no losses-time injury
recorded. However, in case the latter is not monitored for any underlying
behavior, then that facility could be getting the statistical luck at the cost of being
innocent. Petersen (2024) notes that the absence of accidents does not imply that
safety has been achieved. The hazard reproduced is largely the culprit in creating
disaster incidents that have been years old without breaching any fence that
forms a lagging report incident. With respect to Risk Financing terms of
reference, they relied on the lagging indicators thematic approach, where the
workers' compensation premiums have been developed through the Experience
Modification rate (EMR), a three-year average, that wraps around the financial
damages occurring even before the risk manager takes any action.
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Figure 1. Seven-Year Incident Rate Comparison:
Predictive vs. Reactive Safety Programs
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Figure 1. Seven-year incident rate comparison. Organizations adopting predictive
(leading indicator) safety models demonstrate an 83% reduction in incident rate versus
19% for reactive-only programs over the same period.

The IoW Technical Architecture

Internet of the Worker (IoW) is the warehouse of wearable computers and
data from the senses to the environment, which is the raw data for analytics.
There are 3 primary data streams behind the system. Kinematic Sensors: tri-axial
accelerometers and gyroscopes have been designed for the simultaneous
measurement of joint velocity and angulation during real-time monitoring.
Cumulative Lumbar Loading per shift- an infinitely more powerful leading
indicator than a single injurious lift that appears on an OSHA Form 300.
Physiological Surveys: Heart Rate Variability (HRV) Heart rate
Photoplethysmography (PPG) is used to assess autonomic nervous system stress;
declining HRV is a successful predictive variable of so-called Cognitive
Tunneling, a fatigue-impaired state which increases the risk factor of being struck
by lightning significantly (Aita and Hankin 168). Telemetry of the Environment:
LIDAR-quantified Red Zones are the density of Zonal Intrusions and the number
of times a worker is at the moving equipment danger zone to provide an
approximation measure of the chance of collision that might lead to any contact.

Each combination of task-workers is rated by the system as dynamic
Probability of Loss (PoL) using Bayesian networks. When PoL reaches a pre-
calibrated threshold (ex. 0.15), the system will take an intervention: a task-
rotation recommendation (automatic), a haptic notification (smartwatch) or a
notification to a supervisor. A seven-year longitudinal data indicates that the
incident decline in the organisations adhering to this model declined by 83
percent against 19 percent in independent reactive programmes in the same
period.
TCOR Analysis and ROI

Safety data attracts the C-suite's consideration only after being cast in
financial terms. The Total Cost of Risk (TCOR) is not the line item of the insurance
premiums; it is the combination of four significant cost groups. Table 1 depicts
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the reorganization of every element in terms of predictive analytics, an example
of 1,000 employees at a given firm.

Table 1. TCOR Component Analysis Before and After Predictive Analytics
Implementation (representative 1,000-employee firm)

TCOR Component Before Analytics ($000s) | After Analytics ($000s)
Insurance Premiums $820,000 $620,000
Retained Losses $680,000 $300,000
Risk Control Expenditures $200,000 $420,000
Administrative & Legal Costs $300,000 $180,000
Total TCOR $2,000,000 $1,520,000

The $480,000 net reduction reflects a strategic reallocation from reactive loss

absorption to proactive risk control. Source: ARM curriculum benchmark model; NSC,
2025; IRMI, 2026.

Figure 2. TCOR Component Shift:
Before and After Predictive Analytics Implementation
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$820 (24% TCOR reduction)
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Figure 2. TCOR component shift before and after predictive analytics. The $480,000 net

reduction reflects a strategic reallocation from reactive loss absorption to proactive risk
control.
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The Iceberg Effect of Workplace Injury Costs

DIRECT COSTS
(~20%)

Medical treatment
Indemnity payments

INDIRECT / HIDDEN COSTS
(~80%)

* Productivity attrition (replacement at 70% efficiency)
* Reputational damage & civil litigation exposure
* OSHA recordkeeping & claims management friction

* Employer brand degradation & elevated recruiting costs

Figure 3. The Iceberg Effect: For every $1 of insured injury cost, $4-%$10 in
hidden costs remain below the surface — making prevention exponentially more valuable.

Figure 3. The Iceberg Effect — indirect costs represent approximately 80% of the true
cost of a workplace injury, making prevention substantially more valuable than its
insurance-line ROI alone suggests.

In each 1% of direct damages that is covered, studies consistently isolate 4-
10 in indirect, uninsured damages- productivity loss, reputation losses and
administrative rub-a-dub-dub. The ROI model demonstrates this: a wearable-
tech implementation of $200,000 and $200 per worker through charging will
result in a high-risk movement pattern being produced by 20% of the workforce,
which accounts for 80% of high-risk movement patterns; targeted coaching
reduces claim frequency by 25%, generating a direct loss reduction of $500,000.
A total savings on the enterprise based on the use of the 4:1 indirect cost
multiplying is presented as a total of $ 2.5 million saved in 1 year of ROI 1,150%
(IRMLI, 2026; NSC, 2025).
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Figure 4. ROl Waterfall: $200K Predictive Analytics Investment
vs. $2.5M Total Enterprise Savings (Year-One ROI: 1,150%)

1,150% ROI
“SR§2.-5M
2500
2000 A
m
3
g 15001
i
]
< 1000 1
3
500 A
+$500K
200K
’ H
Initial Direct Loss Indirect Cost Insurance Net Enterprise
Investment Reduction Avoidance Premium Savings Savings

(4% multiplier)

Figure 4. ROI Waterfall — A $200,000 predictive analytics investment generates $2.5
million in total enterprise savings in year one (1,150% ROI), driven by direct claim
reduction and indirect cost avoidance.

Risk Financing: EMR, Schedule Rating, and Captives

This EMR is a three-year obligatory trailing calculation, which is arranged
by the NCCI formula. An institution that has undergone the status of total
transformation of its safety culture in 2026 will not reconstruct that
transformation in its EMR up to 2029. However, the Schedule Rating
discretionary device of the underwriter applies to the current policy term, which
is based on a reward for risk improvement that has been given. Today, the Risk
Manager makes the evidentiary basis of Schedule Rating Credits by supplying
real-time oW Risk Profiles to the underwriters without making any entries in the
EMR lag. When a company that uses a Captive Insurance Company suffers an
injury prevented in some way, any such injury would definitely be recorded
directly in the excess of the captive and the dividends of the parent firm, and this
element is a vicious circle of the safety performance financing, further
technological development.
Sector-Specific Applications

Fatal four falls, struck by, caught in/between incidents and electrocution
incidents account for more than 60 percent of the workers who are murdered
annually in the construction sector. Computer Vision and LIDAR in a 2025 high-
rise large-scale project was used to monitor the crane-load movements, which
detected Zonal Breaches in which workers were working in falls-of-suspended-
loads zones. The system was found to prove that there exists a correlation
between ambient wind speed and the 40 percent growth in the occurrence of
micro-stumbles on high floor plates to enable a Wind-Adjusted Work Schedule.
A 30 percent reduction in the near-miss reports in which there was no fall-related
injury was the final process in the project. Haptic feedback Smart Belts in lo gistics
and warehousing showed that their associates with Last-Mile Sorting bay had
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50% more actions per shift asymmetries than their Bulk Receiving counterparts-
-a design-of-the-system, rather than a behavioural problem. Reproject of the
sorting conveyor geometry had led to a reduction of lower-back workers'
compensation claims of 55 percent in the first policy year.

DISCUSSION

The discussion of the entire TCOR modeling, IoW architecture, analysis of
a sector case, and EMR optimization illuminates only one aspect: reactive safety
programs will be inadequate and insufficient, regarding finance and morals, by
2026. The largest underwriting implication is the disparity between the
obligatory EMR and the Schedule Rating. Essentially the same thing that no
retrospective EMR calculation can ever do, the Risk Manager uses real-time oW
Profiles of Risk to offer instant Schedule Rating leverage to underwriters, another
of the most leverage-maximizing applications of the ARM curriculum in modern
practice (Kaplan & Mikes, 2025).

The ethical in nature deserves a just portion of interest. The most
significant threat to a predictive safety program is the perception that a weapon
of repression will be implemented through the application of biometric data. The
other prerequisite form is a Disciplinary Firewall that is established before the
sensor is installed and should never go beyond systemic engineering
improvements and anonymous one-on-one coaching, and it is not supposed to
be found in performance reviews and disciplinary actions. Violation of this
principle triggers data sabotage, rendering the predictive model statistically
invalid. Equity issues also require that vendors provide training data,
demographics, and algorithmic audit periodically because wearables that have
been recalibrated on small demographic datasets may produce systematically
biased risk scores against older workers, chronic-condition workers or untypical
groups (NSC, 2025). DDP and CCPA A retention of any biometric data must have
explicit and aware consent, geo-fencing upon the crossing of the workplace, and

the risk scores derived, but not the underlying biometric feeds (Shorrock &
Williams, 2023; Weil, 2024).

CONCLUSIONS AND RECOMMENDATIONS

The shift towards leading indicators is financially and ethically necessary.
The financial argument speaks volumes: a first year of 1,150% ROI will get the
boardroom's attention in any sector. The underwriting argument goes the same
way: Live Risk Profiles present the ARM practitioner with real-time Schedule
Rating power that no extra EMR calculation can offer. It must be implemented
based on the ARM Six-Step Risk Management Process: (1) audit departments
using TRIR, data maturity to locate pilot candidates; (2) deploy sensors and
receive informed consent under GDPR/CCPA; (3) utilize correlation modeling
to isolate the leading indicators that one claims most often in this specific
industry vertical; (4) prioritize systemic engineering controls over behavioral
correction; (5) implement the Disciplinary Firewall, before sensors become
operational and deliver real-time Risk Profiles to underwriters to negotiate
Schedule Rating Credits; and ( The human case is the most convincing of all--by
preventing the minding toward danger prior to it becoming a tragedy, the risk
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professionals serve the original intent of the profession, which is not to record
failure, but to succeeded in making it disappear.

FURTHER STUDY

This article employs conceptual modeling with industry benchmark
inputs in contrast with longitudinal firm-level data, and sector cases are founded
on reported results as opposed to controlled experimental designs. Future
research should address which is the long-term actuarial impact of IoW
application upon EMR curves over a policy year or years; the effectiveness of the
Bayesian networks and deep learning structure when a heterogeneous workforce
configuration is used; and the equity of the biometric surveillance of
heterogeneous population groups. Follow-up longitudinal studies based on
worker trust and voluntary disclosure of near misses by the intervention of the
Disciplinary Firewall before and after the intervention would be beneficial to the
existing body of evidence of the just culture researches.
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