Predict and Prevent
Workplace Injuries

Learn how the team that helped design Watson — the Jeopardy show
winning super computer — can help you predict workplace injuries

April 20, 2011
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Today’s Presenters

Griffin Schultz

General Manager — Predictive Solutions

Corporation

* MBA, The Wharton School at the University of
Pennsylvania

» Experienced in leveraging technology
solutions across business functions

Dr. Raghu Arunachalam

Director of Emerging Technologies —

Industrial Scientific Corporation

* Ph.D. degree from the University of
Warwick, United Kingdom

» Research faculty at the School of Computer
Science, Carnegie Mellon University
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Agenda

|.  Overview of predictive analytics
— How it helps achieve safety results
— The data that fuels the analytics
Il. Detailed review of predictive models

— Comparison of Watson to our models
— Practical insight from our models

1. Q&A
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Predictive Solutions’ Vision:
Eliminate death on the job,
In this century

Predictive Solutions’ Strategy:
Save lives,

by predicting workplace injuries




‘What is (Predictive) Analytics? |

The process of:
1. taking in large quantities of
raw data

turning that raw data into
actionable information ...
...from which inferences
about future outcomes
(predictions) can be made

We Predict, so our
customers can Prevent!
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Who does Predictive Analytics?
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Animals predict the weather Humans predict everyday outcomes Machines/computers predict
outcomes when data
becomes too vast or complex
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Value of machine-based Predictive
Analytics in Safety

Prevention

Predictive modeling

9D
6‘& Forecasting/extrapolation
9 . .. .
K4 Statistical Analysis
Alerts

Query/drill down
& Ad hoc reports Lo

Standard reports
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* Adapted from the book Competing on Analytics by Thomas Davenport and Jeanne Harris




The benefits of Predictive Analytics in safety

Incident/Injury Reduction
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The benefits of Predictive Analytics in safety

Incident/Injury Reduction
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The benefits of Predictive Analytics in safety

Incident/Injury Reduction
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The benefits of Predictive Analytics in safety

Incident/Injury Reduction
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The benefits of Predictive Analytics in safety
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Real-world data is the fuel for Predictive
Analytics work

Data
Collection

Models Analytics | pEmenl e
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Customers collect the data directly from their

workplaces

Category : Sub-Category

Serow LA
PROJECT NUMBER. Work Practices Safe At Risk c /Ob
DATE OF SAFETY INSPECTION: PROJECT S0
ATEM wy| |Job Safety Analysis
LADDERS
PROPERLY SECARED PONER O :
EATEND 36" ABONE L ANORG weaeency| |Ascending/Descending
GO0 CONDKTON WETH Say
H WANET AL LMDRERE w0 | communication
nspectlon e
SCAFFOLDNG
COPECTIONS SR e |Eyes on Hands/Work
TED IO STRCTURE w0y
CLEAN FREE OF DERRS, YE | on Path
GUARD RALS TOEBORFDS yesbna
OVERHEAD PROTECTON b
CROSS BRACED Line of Fire
OTHER
BARRIC ADESICANOPIES. sy
ADECAATE Pinch Paint
LGEHTRG o\
S a e ACCESS PROPEFAN FESTRICTED |2 |\ Rushing
GUARD RAWS V"
. TOP D RAL TOEROAPD
t CHBAES TRIT - 20N PRESSIRE.
S e rva I O n w SRSNAF TSI RRS Safe At Risk c
SHAFT PR CHMPLACE  \R
ADECUATE SONS A5 ) !
TEMREORARN RALNGS b STaRp Back - Bending or Twisting
NEOFEDPARSFLLED
TG Knee
OPENING PROTECTON
ALL OPENNGS CONERED Lifting/Lowering
COVEPMGS SEQURED
l ' n S afe PALRBINFLACE Pulling/Pushing
GENERAL
SEFETH WEETRNS TR RiP R TSRS A
- AUODENT PEPORTISVEPT BRECRATE SRR
Se rv atl O N ERERCENCN MIVEERS POSTED PROPERORAN
MOUSEREEPING PERTRG O
CUEANARNESS NS TTFREFED
VEHATRG QIR
OTHER | BeecTtRea
FIRE PROTECTION TNEREOM CUROS O
EATRGEIEERS TERMVRIBL BOVES CONERED &\ 1\
VFEG.P BEINENT ATTESS Q\\-(_“

ROVIDE DESCRIPTION FOR EVERY ITTEWM 10 ¥R

Sing Al peimanent oot edges.

Q 0 0

s G000 \evel on south side of Concett Hall have loose debiis which could 1all on wotkets below!
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We have one of the largest safety observation
data sets in the world

Data Set:

* Nearly 100 million observations — nearly 5 million in Q1
2011

« Over 2 million inspections

« QOver 27,000 unique observers

« Over 15,000 workplaces




Learn From the Data

What does the world’s largest data store of
safety inspections tell us?
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Partnership

Our partners from the Language Technology
Institute, Carnegie Mellon University, who
helped build the Watson and Deep Blue super-
computers

- Carnegie
‘a Me]lo‘:lgl
University
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Two Predictive Models

Watson (IBM) Holmes (PSC)
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Watson Versus Holmes ’

Watson (IBM) Holmes (PSC)




Watson Versus Holmes

Watson (IBM)

-

Holmes (PSC)

Objective

Play Jeopardy: Predict
answers to Mr. Trebek’s
guestions

Keep people out of
jeopardy: Given safety
inspection data predict the
risk of incidents




Watson Versus Holmes

Watson (IBM)

s

Holmes (PSC)

Objective Play Jeopardy: Predict Keep people out of
answers to Mr. Trebek’s jeopardy: Given safety
guestions inspection data predict the

risk of incidents

Database 200 Million pages: Over 2 Million inspections;

Wikipedia, Dictionaries,
Thesauruses etc.

Over 100 million
Observations:; over 15,000
workplaces




Watson Versus Holmes

Watson (IBM)

Il

Holmes (PSC)

Objective Play Jeopardy: Predict Keep people out of
answers to Mr. Trebek’s jeopardy: Given safety
qguestions inspection data predict the

risk of incidents

Database 200 Million pages: Over 2 Million inspections;

Wikipedia, Dictionaries,
Thesauruses etc.

Over 100 million
Observations: over 15,000
workplaces

How does it do it

Breaks questions into
logical constituents and
matches to patterns in its
database

Breaks inspections into
constituent observations
and matches to patterns in
its database




Watson Versus Holmes

Watson (IBM)

Il

Holmes (PSC)

Objective Play Jeopardy: Predict Keep people out of
answers to Mr. Trebek’s jeopardy: Given safety
qguestions inspection data predict the

risk of incidents

Database 200 Million pages: Over 2 Million inspections;

Wikipedia, Dictionaries,
Thesauruses etc.

Over 100 million
Observations: over 15,000
workplaces

How does it do it

Breaks questions into
logical constituents and
matches to patterns in its
database

Breaks inspections into
constituent observations
and matches to patterns in
its database

How does it get good
at it

Train and validate on
large and diverse data
sets

Train and validate on large
and diverse data sets of
safety inspections




How Good Is Watson

« Beat the two most prolific
Jeopardy champions

 WIns over two thirds of its
games

* |s correct 95% of the time when
it knows the answer
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How Good is Holmes?

©
o - Perfect 7
— V4
5 Model
o Pl
O 4
> ’
= V4
© O o V4
g 3 p
3] e
< V4
© ’
< ’
V4
@ /s
c w0~ /'A
o JRe
o
< et
U4
,/
- : : :
5 10 15

Incidents Predicted by Holmes

* If Holmes were perfect its predictions would lie
on the red line
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How Good is Holmes?

Incidents that Actually Occurred
\

Incidents Predicted by Holmes

 Accurate over 85% of the time
¢ R2 Of 075 Predictiver
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How Does Holmes Do It?

Holmes creates a profile of a workplace

Frequency

Low Number of Unsafes found High
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How Does Holmes Do It?

Unsafes are
rarely ever found

Frequency

Low Number of Unsafes found

High

Predictive
SOLUTIONS

I



How Does Holmes Do It?
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How Does Holmes Do It?

More typically

Frequency

Low Number of Unsafes

High
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Safety Profiles

Frequency

Number of Unsafes

Frequency

Incidents

Flying Blind

Number of Unsafes

Inaction

Frequency

A0

Number of Unsafes

Find and Act
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Flying Blind

Frequency

Low Number of Unsafes High

Highest Risk Sector — Flying Blind

* No Knowledge — Leadership won'’t fund training to create a knowledgeable
culture

* No Trust — Leadership doesn’t allow “speaking the truth” so Culture is to NOT
report unsafes
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Inaction

Frequency

Low  Number of Unsafes High

High Risk Sector — Inaction

*No Leadership Accountability — front line workforce identifies
unsafe occurrences but management does not invest in fixing
them

sLack of Process and Tools — leadership wants to fix the unsafe

occurrences, but the process/tools are inadequate Predictive nw
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Find and Act

Frequency

RN

Low Number of Unsafes High

Low Risk Sector — Find and Act

*Knowledge — people know what to look for

*Tools & Process — people have the process and tools to fix unsafe
occurrences

* Trust , Accountability & Credibility — frontline trusts that leadership
wants to know about unsafe occurrences and will do something about

them Predictive y»
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How Can Holmes Help Me Today?

_ _ ;ﬁ e el
* Do Inspections 3y

— The very act of doing safety inspections improves
safety

* The best way Is get

« Use the inspection data
— Am | flying blind?
— How is the leadership empowering people
— Process Predictive
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Can Holmes do it all?

* The need for multiple models
— Watson uses over a hundred different ones

— SafetyNet lets you analyze your safety
culture in many different but related ways
— Indices

» Looks for sudden change in observations and
other inspection counts
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An Example: Need for Multiple Models

Hierarchy of Prediction Models

 The Bradley Curve
— The DuPont safety indicator
— Multi-year
— Culture takes a long time to change

Relative Culture Strength

 Holmes
— Multi-monthly
— Safety process do not change overnight

 SafetyNet Indices and other advanced analytics -~ - =
— Daily to weekly Winen
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- The Most Important Element

Models

—
Vi

Human experience
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Results
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Thank you and Questions

Griffin Schultz

General Manager — Predictive Solutions
Corporation

* gschultz@predictivesolutions.com

. 412-490-1996 Predictive pw»
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Dr. Raghu Arunachalam

Director of Emerging Technologies — INDUSTRIAL
Industrial Scientific Corporation SCIENTIFIC
» raghua@indsci.com

» 412-490-1940

www.predictivesolutions.com
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