Environment, Labor & Safety+
Conference

Predictive Safety Analytics
for Worker Safety

ANALYTICS SEEB Q [E]



Safety Management Systems are Backward-looking

* Incident Reports

- Dashboards

»  Compliance monitoring
* Etc.

Are there ways to use safety datain a
forward-looking, predictive sense?
Caution: Buzz words and hype!
- Big Data
« Machine Learning
Al
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Session Take-aways

Understand how predictive analytics goes beyond descriptive
analytics In assessing risk.

See how your existing data may be able to identify and quantify risk
factors, and to evaluate the effectiveness of safety programs and
Investments.

Catch a vision of being predictive, to intervene before incidents occur.

Understand that, while there may be steps you can take right now to
better leverage your data, there are likely some gaps you need to
address to get you to a more predictive state
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Trends in Safety

TRENDING DOWNWARD BUT ENCOUNTERING THE “PLATEAU PROBLEM”
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Rates Have Been Improving for All Industries

Total Recordable Injury Rate 2003 - 2022

All Industries
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Progress on Worker Safety

“The BLS report proves that year after year, meat and poultry companies remain
committed and have invested billions of dollars to reduce worker injuries and illnesses”

- Julie Anna Potts, NAMI president and chief executive officer
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But... the “Plateau Problem”

Total Recordable Injury Rate 2003 - 2022

All Industries
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Case Study | The Plateau Problem

FIRST ANALYTICS’
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The ... manager explained that
safety was a top priority for the
company and that it had improved
considerably on this front, but it got
harder to keep improving.

He said the company had already
used some data to identify likely
risks, but there was a lot more that
could be explored.



Becoming the Safest Railroad we@
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Predictive Analytics

WHAT IS IT AND HOW DOES IT APPLY?
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Types of Analytics

AUTOMATED ANALYTICS

What if we take action? Machine Learning/

Artificial Intelligence
“AI”

—> PRESCRIPTIVE ANALYTICS
What if we try this?

What’s the best that can happen?

—> PREDICTIVE ANALYTICS

REPORTING/ DESCRIPTIVE ANALYTICS
. _ Whatactions are needed now?

Down ~ What exactly is the pr

Competitive Advantage

~ What information really matters
" What happened?

Degree of Intelligence

Thomas H. Davenport — Competing on Analytics
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How Predictive Analytics Can Be Applied

Focal Point

m People

Employees
Customers
The public
Managers

R

Outcomes

Reduce incidents, accidents & injuries
Care for your employees

Protect the public

Coach managers

v
M Places

Facilities
Environments
Fleet
Equipment

Reduce lost productivity

Improve facility metrics

Discover where to invest in equipment
Alert to dangerous contexts

— P rocesses

Policies
Programs
Training
Compliance

Measure safety program effectiveness
Design impactful training

Strengthen policies

Foster good employee relations

The 4 Ps of Safety. People, Places, Processes, Predictive Analytics

FIRST ANALYTICS® 9Sas
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The Benefits of Predictive Safety Analytics

e Improve safety metrics such as OSHA or FRA
reportable injury rates, DART (days away
restricted time), lost time incidents, and

near misses.

e Reduce lost productivity and improve
operational metrics, like manufacturing OEE.

e Reduce equipment damage.

e Reduce legal liability, litigation and
settlement costs, and medical treatment

payments.

FIRST ANALYTICS’
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Reduce insurance premiums.

Supply information to assist managers in
safety-related coaching.

Improve management/labor relations.

Support managers in attaining their safety-
related performance metrics.

Aid safety professionals in measuring safety
program effectiveness and in designing
impactful policies, programs, and training.



Real-world Examples

OPERATIONAL/TACTICAL AND ENTERPRISE/STRATEGIC
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. . . . Food manufacturing
WhO IS at rISk On thIS Shlft’) Industry example
Safety risk rank-ordering of those coming on shift

Operational/Tactical
(worker-shift level)

¢ Inju a ! e Unsrructured Data eratiof ol Injury 3 ‘ Ernployee Risk Score

FACILITY; SPRINGFIELD PLANT
DATE: 12NOV2018

SHIFT: OVERNIGHT

Safety Risk Rank-Ordering Injury Risk Factors with Largest Impact on Risk for Employee

Empl
rrr:;:‘:::? Employes Name Station Probability * Factor1 Factor 2 Factor 3

3145  Jasmine Johnsen Cwen 2 0.00037  Shifts Worked! Tazk Experience Training

2297 | Huge Sutton 1 Packaging 0.00024 Rulesviolated Attenclance Task Experience
0.00019 RecentVacation Cizscipline Training
0.00014  Shifts Worked Field Test Failure Task Experience
0.00009  Shifts Worked! Field Test Failure Training
0.00008 Training Shifts Worked Attenclance
0.00007  Attendance Shifts Worked Discipline
0.0000& Training Field Test Failure Discipline
0.00004  shifts Worked Attendance Field Test Failure
0.00004  Shifts Worked Training Rules violated
0.00003  shifts Worked Recent Vacation Attendance
0.00001 Discipline Attenclance Field Test Failure

428 | Javier Barnes Aligner
8784  DevinRichards Chiller
9922 Paulette Watson Fackaging
4090  Rodolfo Spencer Crwen i

2&  Shelly Boyd Cecling Tunnel

1158 | Kay Hubbard Aligner
4550 Wilma James Aligner
7702 | JesusHowell Packaging
3300  Rolando Lawscn Aligner
1200 | RohinWilkerson COwen 2
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% Report Viewer -View Reports

Safety Analytics

Imjury Report Safety Training

FACILITY: SPRINGFIELD PLANT
DATE: 12NOV2015

SHIFT: OVERNIGHT

Safety Risk Rank-Ordering

Enr.\llpul:-:jaer Employse Name
3145 Jazmine Johnson
2297 Hugo Sutton

42¢  Javier Barnes
8784 DevinRichardls
9922  Paulette Watzson
4090  Rodolfo Spencer

26 | Shelly Boyd

1158  Kay Hubbard
4550  Wilma James
7702 JesusHowell
3300 Rolando Lawson

1200 | Robin'Wilkerson

= MM W

Unstructured Data

Station

Crwen 2
Packaging
Aligner
Chiller
Packaging
Crven 1
Cooling Tunnel
Alignar
Aligner
Packaging
Aligner
Cwen 2

Tepic Generaticn

dent and Injury

Injury Rizk

y Risk Factors

sasclemo

Ernployes Risk Score

Factors with Largest Impact on Rigk for Employee

Probability ~

0.00037
0.00024
0.00019
0.00014
0.00009
0.00008
0.00007
0.00006
0.00004
0.00004
0.00003
0.00001

Factor 1

Shifts Worked
Rules violated
Recent Vacation
Shifts Worked
Shifts Worked
Training

Attendance

Training

Shifts Worked
Shifts Worked
Shifts Worked

Discipline

Factor 2

Tazk Experience
Attendance
Discipline

Field Test Failure
Field Test Failure
Shifts Weorked
Shifts Weorked
Field Test Failure
Attendance
Training
RecentWacation

Attendance

Factor 3

Training

Taszk Experience
Training

Taszk Experience
Training
Attenclance
Dizcipline
Dizcipline

Field Test Failure
Rules violated
Attendance
Field Test Failure




Evidence-based decision-making

* Debunk myths
— ldentify the real risk indicators.
- Know what's working, what isn’t

.* \‘

v*\ 4 .
Jl R

s

« Can be the impetus for more analytical,
predictive data-driven decision making in
general

MYT\»\BUSTER‘Q
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Railroad industry example

Quantify Risk Factors

Positive Impact Negative Impact

Strategic
(enterprise |eve| Risk Factors Decreases Risk Increases Risk
risk mitigation)

Night/Holiday/Weekend scheduling
Extent to which working non-locally _ 0.43%
Discipline events _ 0.37%
Demerit history _ 0.26%
Station/Task experience _ 0.23%
Coming off vacation -0.06% -
Training cohort -0.10% -
Supervisor Evaluation score -0.13% _
Time in position

-0.2% 0.0% 0.2% 0.4%
Impact on Risk - Percent

Factor
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What Data Do | Need?
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Safety Data Repository

Curated for Safety Analytics

* Reporting and visualization
» Ad hoc analyses
* Predictive analytics

@ Features and Benefits

* Data lake and database schemas tailored
for safety analytics

* Integrates with, does not replace, a safety
management system (SMS)

* Draws from dozens of data sources in
varied formats

» Deals with various levels of aggregation
« Distills text from reports into structured data

» Proprietary data transformation and joining
algorithms for predictive modeling and
machine learning.

FIRST ANALYTICS® ©Sas

Primary Data
Safety Management System (SMS)

Ancillary Data

Varied operational systems

Targets: incidents; injuries; near misses; lost time incidents;
DART; first aid; OSHA reportables, process safety events;

etc. -
Leading Indicators: observations; audits; inspections; l) d

behavioral-based safety; compliance; etc.

Work Shift: Scheduling, time keeping, function; location; craft, tasks, teams.

HR/Employee: attendance; PTO; tenure; demographics; performance reviews;
engagement surveys; training; knowledge tests; certifications; fatigue scores;
commute time, drug/alcohol tests; discipline; cohort; union membership; management.

Assets: site characteristics; maintenance; downtime; equipment changeouts; vehicle
telematics; event recorders; sensors; video.

Operations: processes; rules; policies; PPE use; business velocity.
Corporate: training programs; safety campaigns; legal.
External: weather; macroeconomic.



How Predictive Analytics Can Be Applied

Focal Point

w People

« Employees
e (Customers

a Tho niahlic

R

v
M Places

What if | don’t have
detailed data to
address most of these?

Outcomes

Reduce incidents, accidents & injuries
Care for your employees

Protect the public

Coach managers

Reduce lost productivity
Improve facility metrics

FIRST ANALYTICS’

* Fleet » Discover where to invest in equipment

« Equipment « Alert to dangerous contexts

* Policies * Measure safety program effectiveness
= Processes . Programs « Design impactful training

* Training « Strengthen policies

« Compliance * Foster good employee relations

The 4 Ps of Safety. People, Places, Processes, Predictive Analytics

9sas



How To Get Started

SHORT TERM HITS TO LONG-TERM VISION
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Safety Analytics Maturity Model

Don’t worry — most companies are stage 1 or 2

Stages

1

2

K

4

5

Evidence-based
Formal controlled analysis shapes most
Decisions Program analysis: People: evidence- experiments :ﬁg%ifcl:g:eg;a "
& O : gjapgr?\:‘;wa”y (D :22uaht:r;gr 10 @ based allocation O iI:\EtZTISa:tions . All appropriate
RESOU_I'CE 2 fac;:lors ' of time types of ! dimensions
Planning pe (individual/team,
equipment .
instructor/program,
task/entire process)
Employees, . N
ingle focal point: public, business . - ’
Sinale focal point blic. busi Broad adoption More real time: risk
A + Rare or none e.g. employees partners Fleld feedback scoring, alerts,
Risk . + Little or no data “Gut”, anecdotal Evidence-based Continuous feedback, and
Analysis improvement leaming
used getr:,k?.':l:rr:il—lookin mun':-gauc;g; More subtle Everything happens
9 Pr!;t dictive 9 indicators closer to “the edge”
* Limited Core “critical
Data O_l'l Only capture Events mass” of internal Expanded core Tapping into non-
Potential event history: Inspection, data data traditional data
Risk Injuries compliance, Some external Plan to capture sources (images,
Indicators Accidents testing data (e.g. new sources motion sensors, etc.)
Near misses weather)
) Rigorous
) +  Excel :jnterrlzctw; statistical analysis Text mini Al, Deep learning
Skills & +  Std. databases Qas ‘jad IT 4 Statistical e Machine learning
Tools (saL) uery 7 an down estimates & Image / video analysis
« Static reports Moving fcwards confidence unsiructivad data Streaming data
alerts -
Predictive alerts
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Start With Data You May Already Have

White Paper

Getting Started with
Predictive Safety Analytics

FIRST ANALYTICS®

Seven Case Examples lllustrated

Incident Rate Forecasting

Detecting an Adverse Upward Trend

Understanding Seasonality

Understanding the Trajectory of a Trend

Drawing Attention to Business Units with Troubling Forecasts
Triggering Alerts

Measuring the Impact of a New Process



Incident Rate Forecasting

A model can provide...

Incident Rate - Area 3

Past Perspective

Is there anything in the past that we
missed and should better understand?

History | Forecast

Incident Rate
[«)]

Current Perspective )
Did anything change last month?

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Future Perspective
Will these trends continue?

==Actual Incident Rate  ===Modeled Incident Rate

FIRST ANALYTICS®



Detecting an Adverse Upward Trend

Incident Rate - Northern Region

14

12 History | Forecast

10

Incident Rate
[s)] [0e]

o~

[\

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

e=m=Actual Incident Rate  ===Nodeled Incident Rate
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Triggering Alerts | Better Analytical Precision

Traditional (Control Charts)

Triggers: Traditional Statistical Process Control Chart

2.5

Reportable Incident Rate

Modeled Processes

Triggers: Analytical Methods
2.5

=
n

Reportable Incident Rate
=)

0
ST SO R N S

o © © A A & F O O O P
& & & P S (8
A A A T

-0.5
-1
—Mean —ILCL —UCL —Reportable Incident Rate —Reportable Incident Rate—Smoothed Incident Rate
—Lower Trigger Point —Upper Trigger Point
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Measuring the Impact of a New Process

Impact of a New Safety Program on Reportables

Q
o
(T
o
+ Gap: simulated impact
Q of the new process
e
=
Q
0
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o
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Q
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o
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\\)

—=Simulated Reportables ===Actual Reportables

FIRST ANALYTICS® AL



Future Perspective | Forward Looking Dashboards

ELT EMPLOYER OF CHOICE DASHBOARD: OCTOBER 2018

Monthly Turnover
Insights.

Monthly Recruiting Snapshot

Insights

FIRST ANALYTICS®

Rolling First Year Retention Rate

Monthly Safety Snapshot

Rolling Pivotal Position Tenure

Quarterly Perfor

Monthly Safety Snapshot

Lost Time Rate — Current Month & Rolling Annual

- Current Rolling Roling Annuzl Lost Time by Area
SD/NV o

LA/OC/IE
BA/CV

Sac/aub
Rural

P35

Recordable In

I
| B

LASOC/IE
BA/CY
Sac/Aub
Rural

P35

‘Expected Values

 NextMonth .




Where Do | Go From Here?

- Take stock of the data you already have

—- Is there simple way to add predictive analytics with high-level data, as shown in
some of these cases?

—  For example, look at a dashboard and ask, “can | make this forward looking? Oir,
“how can | correlate actions with results?

- Undertake a “safety data readiness assessment” with data scientists and data
engineers with safety domain experience.

— Determines feasibility for various applications given the data you have.

— ldentifies gaps to be addressed to meet longer-term aspirations

*  Don’t be discouraged — NEARLY EVERYONE is in the same state you are!

FIRST ANALYTICS®



We Wrote The Book on PSA

Much more detail and expansion upon what you saw today

CRC FOCUS

PREDICTIVE SAFETY
ANALYTICS

Reducing Risk through Madeling and
Machine Learning

Robert Stevens

20} CRC Press

A Brckor b Trmewn, Comap

FIRST ANALYTICS® 9©Sas

Predictive Safety Analytics (Reliability, Maintenance, and
Safety Engineering) 1st Edition

by Robert Stevens (Author)

See all formats and editions

Mearly all our safety data collection and reporting systems are backwardlooking: incident reports; dashboards; compliance
monitoring systems; and so on. This book shows how we can use safety data in a forward-looking, predictive sense.

Predictive Safety Analytics: Reducing Risk through Modeling and Machine Learning contains real use cases where
organizations have reduced incidents by employing predictive analytics to foresee and mitigate future risks. It discusses how
Predictive Safety Analytics is an opportunity to break through the plateau problem where safety rate improvements have
stagnated in many organizations. The book presents how the use of data, coupled with advanced analytical technigues,
including machine learning, has become a proven and successful innovation. Emphasis is placed on how the book can “meet
you where you are” by illuminating a path to get there, starting with simple data the organization likely already has.
Highlights of the book are the real examples and case studies that will assist in generating thoughts and ideas for what
might work for individual readers and how they can adapt the information to their particular situations.

This book is written for professionals and researchers in system reliability, risk and safety assessment, quality control,
operational managers in selected industries, data scientists, and ML engineers. Students taking courses in these areas will
also find this book of interest to them.

Ej Report an issue with this product or seller



Thank You!

Shawna Newsome
shawna.newsome@sas.com

Environment, Labor & Safety+

Conference
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