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AGENDA

- Prepared questions for panelists from

Susan Reardon, MORS CEO
- MORS Symposium Abstracts (& NTSB Incident Reports)
- NSF Abstracts

- Questions from online attendees

- Resources Provided
- Slides from Text Mining tutorial
- Links to papers, books, and bibliography
- Links to recordings




EXAMPLES OF

USE TEXT MINING WHEN YOU CAN’T READ THEM ALL
TEXT DATA

- Documents — Word, PDF, TXT, ...

- Abstracts/Proposals — MORS, NSF
- Reports — NAVSAFECEN, PNSY (PDF images — arghh!)

- Open ended questions Iin surveys - Army SHARP
- Tweets — Russian ambassador assassination

- Emalls — Enron energy scandal
- Web pages — DHS monitoring WMD
- Voice-to-text — recorded service calls - Oshkosh Corporation
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Text mining
revolutionizes a 24/7
customer support
network

‘ Challenge

Oshkosh Corporation

Solution

Oshkosh Corporation uses
free-form service call records
to systematize technical
support operations and
prioritize engineering
Improvements

Results

Optimize equipment performance
and minimize machinery downtime
by providing rapid, proficient
technical support over the phone to
customers around the world.

Use JMP* Pro to mine unstructured
text data from support calls,
identifying common problems and
matching sources of malfunction with
verified solutions that have proven
successful in the past. With an ever-
growing repository of maintenance
data that can be deployed to
troubleshoot recurring issues,
Oshkosh’s 24/7 global service
providers are now able to proactively
resolve service calls as they come in.

A dramatic reduction in incident
resolution time has not only saved on
labor costs and improved customer
satisfaction, insights gained from data
analysis now guide future
engineering efforts to preempt
mechanical problems in products
currently in development.
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RUSSIAN AMBASSADOR TO TURKEY ASSASSINATED IN ANKARA, DEC 19, 2016
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TWITTER

RUSSIAN AMBASSADOR TO TURKEY ASSASSINATED IN ANKARA, DEC 19, 2016
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RT @agarzon: Asesinan al embajador ruso en Turquia
durante un acto publico. Y terrible la “seguridad”,
gue permite al asesino da...

RT @KTHopkins: Russian ambassador shot dead by
'moderate Islamist rebels'. Would love to meet the
extreme ones some day. #Turkey [2004]

RT @FrankLuntz: This is a problem. Turkey is a
@NATO ally, and Russia doesn’t take kindly to
assassinations. https://t.co/5sTGtAGVQN [937]

RT @PrisonPlanet: The terrorist who shot the Russian
ambassador was upset at Russia kicking the asses
of the jihadists our media &amp; govt. su... [1200]

RT @NotJoshEarnest: The man that shot the Russian
Ambassador to Turkey screamed "Allahu Akbar" before
firing. We are trying to find out wha... [508]
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TEXT ANALYTICS FLOW

Define

» Determine clear study objectives and end-state

Problem : :
» Identify relevant data sources to answer research questions

Statement

Collect and « Scrape internet with web crawling and social media tools
Extract « Extract text from disparate file types (pptx, doc, txt, pdf, html)
Data « Strip off code, figures, extraneous characters

B RS » Clean manually with character functions, queries, filters, R&R
and Filter - Remove punctuation, numbers, stop words
Text « Stem and tokenize text, change to lowercase, identify multiwords.

* Create document term matrix
LUEUSOINE - \Weight matrix based on analysis objectives
Text * Use Singular Value Decomposition to get structured data

» Discover topics and common themes
Text Mining » Group like documents and words
Exploration « Subset documents and link concepts

e « Combine with structured data
Analytics  Visualize exploitable patterns
* Understand sentiments and trends

GSas | B,



AIRCRAFT INCIDENTS DIMENSION REDUCTION OF SPARSE DOCUMENT TERM MATRIX INTO DOCUMENT
DATA FROM NTSB AND TERM VECTORS —ALSO CLUSTERING OF DOCUMENTS AND TOPICS
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FILTERED WORD COLOREDBY PROPORTION FATAL AND
CLOUDS FILTERED BY METEOROLOGICAL CONDITIONS
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AIRCRAFT INCIDENTS MODEL “FATAL” USING THE 630 TERMS IN THE DOCUMENT TERM MATRIX (LEFT)
DATA FROM NTSB AND THE TOP TEN TOPIC VECTORS (RIGHT)
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ascend with anal ytics -
Advanced Review

"A

A practical guide to text mining
with topic extraction

Andrew Karl, James Wisnowski* and W. Heath Rushing

L

Text analytics continue to proliferate as mass volumes of unstructured but highly
useful data are generated at unbounded rates. Vector space models for text data—in
which documents are represented by rows and words by columns—provide a trans-
lation of this unstructured data into a format that may be analyzed with statistical
and machine learning techniques. This approach gives excellent results in reveal-
ing common themes, clustering documents, clustering words, and in translating
unstructured text fields (such as an open-ended survey response) to usable input
variables for predictive modeling. After discussing the collection and processing
of text, we explore properties and transformations of the document-term matrix
(DTM). We show how the singular value decomposition may be used to drastically
reduce the size of the document space while also setting the stage for automatic
topic extraction, courtesy of the varimax rotation. This latent semantic analysis
(LSA) approach produces factors that are compatible with graphical exploration
and advanced analytics. We also explore Latent Dirichlet Allocation for topic anal-
ysis. We reference published R packages to implement the methods and conclude
with a summary of other popular open-source and commercial software packages.
© 2015 Wiley Periodicals, Inc.

.wiley.com/doi/10.1002/wics.1361/abstract OSas | .


http://onlinelibrary.wiley.com/doi/10.1002/wics.1361/abstract

MORSS CORPUS

UNIQUE ABSTRACTS USED PER YEAR - JUST UNDER 4400 TOTAL OVER 9 YEARS
OF DOCUMENTS

Deduped Abstract Count by Year / MORS Symposium
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UNSTEMMED TERMS

A Term and Phrase Lists
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STEMMED TERMS

4 Term and Phrase Lists

Term Count Phrase Count N
model- 6056 | A air force 701 2
use- 5615 | | decision making 423 2
oper- 5297 | | operations research 389 2
system: 4896 | | decision makers 377 2
analysis 4525 | | united states 340 2
data- 4287 | | marine corps 303 2
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STOP WORDS REMOVED AND PHRASES ADDED TO TERMS LIST
STEMMED TERMS RECODING OF LIKE TERMS: ALL VARIANTS OF DOD = DEPARTMENT OF DEFENSE

4 Term and Phrase Lists

Term Count Phrase Count N
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This Is the most time-consuming part of text mining, requiring subject
matter expertise on choosing what terms and phrases should be analyzed.
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TERMS OVER TIME PERCENT OF ABSTRACTS USING TERMS VERSUS YEAR

Percent of Abstracts vs. Year
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MORSS ABSTRACTS
DOCUMENT VECTORS DIMENSION REDUCTION - SINGULAR VALUE DECOMPOSITION (SVD IS LIKE PCA)

& TERM VECTORS

SVD Plots
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TOPIC SCORES ASSOCIATED TOPIC WORD CLOUD

4 ~ Topic Analysis for 30 topics 4 Word Clouds by Topic
' Topic 1

4 Topic Scores Plots
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TOPIC SCORES SELECT ANY DOCUMENT(S) AND “SHOW TEXT”

4 = Topic Analysis for 30 topics

4 Topic Scores Plots

Show Text

For a variety of political and
bureaucratic reasons, we are
not adequately preparing to

deal with the threat of
bioengineered viral pandemics.

Topic 1

ropic2 (80" MORSS in 2012)

Eﬂ Context for Selected Rows - IMP [2] — O x
File Edit Tables DOE Analyze Graph Tools | Add-Ins | View Window Help
| HEH 53 - | N - il 80th-88th Symposium Al ¥ | T -

For a variety of political and bureaucratic reasons, we are not adequately preparing to deal with the
threat of bioengineered viral pandemics. Rapid advances and spread of DNA manipulation and bioengineering
technologies enable a small terrorist group to produce a virus that could pose the worst threat our nation
has ever faced. A nation like Iran could bioengineer a highly contagious, lethal virus (and vaccine for
them) to wipe us out. Little analysis is available on both the likelihood of a bicengineered virus attack
or how our complex, interdependent and fragile “Jjust in time” economy and our increasingly dependent,

less resilient population will react. Economic activity may quickly cease with people not showing up for
work. Lessons from Katrina and the UK riots in Aug 2011 suggest that even relatively minor disasters can
lead to loss of law & order. A “Probability of Collapse Model” is used to look at the bicengineered viral
pandemic threat and how it may or may not lead to a chain reaction of cascading effects and a severe collapse
in the economy and domestic security.

While the likelihood of a deliberate or accidental release of a biocengineered virus is clearly rising,

it is best to following Nassim Taleb’s advice from The Black Swan: the Impact of the Highly Improbable

and not try to pretend we can reliably estimate the likelihood of disastrous events. Per Taleb, we are
better off focusing on the consequences and how to prepare for them rather than deluding ourselves into
thinking you can accurately estimate the probability of occurrence. Thus the traditional two-dimension

risk model of focusing on higher consequence and higher likelihood risks is flawed. Low probability (or
more accurately, unknowable probability) risks that pose a catastrophic, “existential” threat do warrant
attention. The last segment of the briefing examines low cost options the Dept of Defense might take to
more effectively access and use the Nat’l Guard, Active and Retired Reserves, and auxiliary forces to

help restore order. A multi-criteria decision support system is used to compare these options for improving
the nation’s capacity to recover from existential threats like viral pandemics and EMP attack. The author
has published several articles using multi-criteria DSS including “Improving Cost Effectiveness in the
Department of Defense,” Air and Space Power Journal, Spg 2010 and “Inside the Detention Camps: A New
Campaign In Iraq,” Joint Force Q, Jan 20@9. [3953]




\DSURGO NSF Abstracts

ascend with analytics

* This corpus is abstracts from the 304,725 submitted NSF
grant proposals from 1988 — 2015.

File Edit Tables Rows Cols DOE Analyze Graph Tools Add-Ins View Window Help
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NSF Abstracts

* Frequent terms and phrases:

< Term and Phrase Lists

Term Count Phrase Count N

research 34410 graduate students 2500 2
project 29465 high scheool 2036 2
students 17662 i eg 2030 2
data 17123 undergraduate students 1773 2
new 14391 us 1735 2
high goaz [T ¢ |arge scale 1367 2
systems gg2s | | ¢ i leng term 1338 2
science 9157 [ proposed research 1320 2
also 9112 ::l research project 1225 2
provide ge7a 0] | i next generation 1222 2
understanding ge74 ] i i 3d 1143 2

Word Cloud

ltthntJtJ(J\- iy "
different methods |

l-uJI

system .-

[‘I er

“researc h students

s .deuelop development

analysis -

"fDI’IT‘IatIOH FJr[)Vlcj{’ i ( - researchers
many 1 SCIENCe N ew using LN.d r O e ‘ field 2
= university Strctre support

model e DASE d data also = impact tree "

‘undergraclate program Syqtemq hlg h sludy materials
IS 2 waining |earning de3|gn trw\lourljlng ¢ Usé " gradu
e o s | ing war fundame

e e e models ¢ understandlng !

hnas kncwiedge Proposed con-n-unlt applications .

s s national echniquies s e PROCESSES

+ioies approach " ' n

AwardedAmountToDate
ma ($14,000,000)
+1sd ($498,153)

mean ($361,837)

-1sd ($225,522)

min ($0)
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* Certain phrases become much more frequent over time.

Graph Builder

Mean(national security) vs. year
0.0085 ( 1:}'} y

0,000 —Mean
0.0085
0.00a
0.0075
0.007
0.0065
0.00&
0.0055
0.005
0.0045
0,004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.000%
0

1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
year

national security
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NSF Abstracts

 While some phrases are newly minted over time.

0.035

0.020

0.025

0,020

0.015

0.010

cloud computing & open source

0.005

0.000

-0.005

Graph Builder

Mean(cloud computing) & Mean(open source) vs. year

——Mean(cloud computing)
—Mean(open source)

1937 1939 1991 1993 1995 1997 1999 2001 2003 2005 2007 2000 2011 2013 2015

year
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e Certain phrases are highly associated with certain states.

State colored by sea ice p—

50° N LA
0.08
0.05

45% W - 0.04
0.03
Q.02

407 M 0.01
0.00

35° M

30° M+

25° N

20° N+

T T T T
120°W 110°W 100°wW a0 W a0 w
Map shapes not found: AE, AQ, AS, CO, and 11 others,
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ascend with analytics

* Visually display the frequency of phrases over time by state.

State colored by open source
StartDate 100%(0.0)
01/01/1988 - 05/16/1994 05/16/1994 - 08/02/2000 [

75% (0.0)
40° N N

50% (0.0)
35°N ‘ - 0% (0.0)

’ 0% (0.0)
30°N

25° N

Cfen scurce

20°N
08/02/2000 - 02/21/2006 02/21/2006 - 10/04/2010

40°N X

35°N

30°N

25°N

20° N

40° N
35" N
30° N

25° N

20° N

130°W  120°W  110°W 100°W 90° W 50" W 70w 130°W 120°W 110w 100°W 90°W BO°W 70°W

Map shapes not found: AE, AQ, AS, CQ, and 11 cthers,
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NSF Abstracts

Evaluate if the Amount Awarded is associated with a certain
phrase.

4 [»v|Response AwardedAmountToDate

4 Analysis of Variance

Sum of
Source DF Squares Mean Square
Error 304674 9.8863e+18 3.245e+13 Prob > F
C. Total 304724 9.8915e+18 <.0001*

4 Parameter Estimates

Term Estimate Std Error t Ratio Prob>|t|
Intercept 400317.3 12167.22 3290 <.0001*
seaice 1427033.2 153718.1 9.28 <.0001*
Righ performance 297956.53__71206.05 210 <0001
differential equations -234832.6  82463.2 -2.85 0.0044*
graduate students 90212.107  34836.3 2.59 0.0096*
dark matter 373844.71 1862604 2.01 0.0447*
climate change 126987.51 64661.26 1.96  0.0495*
national security 270166.94 172367 1.57 0.1170
data mining 229988.36 148201.6 1.55 0.1207
magnetic resonance 184363.2 119903.6 1.54  0.1241
open source 162765.21 110676.2 1.47  0.1414
number theory -176996.8 123009.2  -1.44 0.1502
algebraic geometry -171012.4 1246583  -1.37 0.1701

black holes 256320.16 189328.2 135 0.1758

' i i)
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WWW.JMP.COM/FEDGOV RECORDINGS OF MORSS TUTORIALS CONTENT

These 9 videos cover predictive analytics (including text exploration)
and data visualization.

Building Better Models N_eural Networks - All Graphs are Wrong - Some are Useful -
Single Layer, Dual Layer,

Overview and Use of Honest Or view Xan Greqgqd's Original 2015 Discovery
Boosted . :
Assessment Summit Presentation

Generalized Reqgression

Regression

. : _ Near Machine Learning What's New in JMP 147
Linear, Stepwise, Logistic, & All : .
: Accuracy — More Explainable JMP Learning Resources
Possible Model

ext Exploration
Analyze Unstructured Free
Text

Decision Trees
Simple Partition, Bootstrap
Forest, & Boosted Tree

Functional Data Explorer
Modeling a “Stream” of Data — New in JMP 14

GSas | B,


https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Building-Better-Models-JMP-14/ta-p/69517
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Neural-Networks-JMP-14/ta-p/69520
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/All-Graphs-are-Wrong-Some-are-Useful-JMP-14/ta-p/69523
https://community.jmp.com/docs/DOC-8270
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Regression-JMP-14/ta-p/69518
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Generalized-Regression-JMP-14/ta-p/69521
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/quot-What-s-New-in-JMP-14-quot/ta-p/69524
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Decision-Trees-JMP-14/ta-p/69519
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Text-Exploration-JMP-14/ta-p/69522
https://community.jmp.com/t5/US-Federal-Government-JMP-Users/Functional-Data-Explorer-JMP-14/ta-p/69525

A\DhSURSE:QS Summary

aaaaa d wit ana

* Datais growing exponentially across DOD
* Much of this is unstructured text data

* Text mining takes statistical tools and converts the text
into meaningful mathematical expressions
 Example uses of text mining
— Concept extraction
— Grouping like documents or records together
— Grouping terms together

— Creating structured variables that represent the text fields
to use in predictive analytics

* Relatively short learning curve to perform powerful text
analytics using open source software and commercial
solutions
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 Unstructured text

* Can you get idea what’s going on from word
frequencies?

* Do word clouds help?

aaaaaa

ned loday relationships  jssyes years  creative yea precedent  wikipedia
shipping  penta g real development
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team o ge e CO“”‘S”"Q aaaaaa ft comman der earnest executive later approach registered _I_
mark forces e fficienc y began centers —concern end national  operational
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ADSURGO Word Cloud Colored by Proportion Fatal
e e and Filtered by Meteorological Conditions

fatal
| a n d ’ . 100% (2.0)
80% (1.2)
Visual R
. . . . 40% (1.1)
- fallure to maintain- flight B 200
Meteorological . J o% .0
. Inadequ: fuel direct-
Conditions improp: runway-
terrain forc- inadvert- reason- collision
undetermined wind- stall- loss roll- student- unsuitable terrain tree
crosswmd clearance airspeed land- gear: : Itltuc roper- flare: exhaust: encount lack
adequ. nose- compens go- includ taxi- maneuv- power right
I:-.r
fatal
. 100% (2.0)
Instrument _ 75% (16
: Instrument: 59% (1.5
Meteorological |DWI 595 (1.4
. N 0% (1.0)
Conditions accident meteorological land- approach 0% (1.0
failure snow collision nadvert- adverse ice
overed fog loss maneuvering runway subsequent altitude mountain.

cle rance inadeguate trees |so|| ntation known proper spatial
repeed area imc improper stall attempt d maintaire
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* Text mining: semi-automated process of detecting patterns
(useful information and knowledge) from large amounts of
unstructured data sources

* Text analysis: an examination of structure, composition, and
meaning that provides insight to advance some
purpose...that characterize and describe a text itself. Analysis
may be heuristic, informal, and/or qualitative.

e Text analytics: methods used for intelligent analyses of textual
data; a larger set of activities around inference steps of
discovering information, grouping documents, summarizing
information, etc.

— Systematic application of numerical and statistical methods that derive
and deliver quantitative information, whether in the form of
indicators, tables, or visualizations. Analytics is formal and repeatable.

Gary Miner, et al. Practical Text Mining and Statistical Analysis for Non-structured Text Data Applications. Academic Press: Oxford, 2012.
Seth Grimes: http://www.huffingtonpost.com/seth-grimes/naming-classifying-text-a_b_4556621.html
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DURSUN DELEN '

' THOMAS HILL

PRACTICAL TEXT MINING

and STATISTICAL ANALYSIS
for NON-STRUCTURED TEXT
DATA APPLICATIONS

JOHN ELDER
GARY MINER

BOB NISBET
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Advanced Review

A practical guide to text mining /\’
with topic extraction

Andrew Karl, James Wisnowski* and W. Heath Rushing

Text analytics continue to proliferate as mass volumes of unstructured but highly
useful data are generated at unbounded rates. Vector space models for text data—in
which documents are represented by rows and words by columns—provide a trans-
lation of this unstructured data into a format that may be analyzed with statistical
and machine learning techniques. This approach gives excellent results in reveal-
ing common themes, clustering documents, clustering words, and in translating
unstructured text fields (such as an open-ended survey response) to usable input
variables for predictive modeling. After discussing the collection and processing
of text, we explore properties and transformations of the document-term matrix
(DTM). We show how the singular value decomposition may be used to drastically
reduce the size of the document space while also setting the stage for automatic
topic extraction, courtesy of the varimax rotation. This latent semantic analysis
(LSA) approach produces factors that are compatible with graphical exploration
and advanced analytics. We also explore Latent Dirichlet Allocation for topic anal-
ysis. We reference published R packages to implement the methods and conclude
with a summary of other popular open-source and commercial software packages.
© 2015 Wiley Periodicals, Inc.

http://onlinelibrary.wiley.com/doi/10.1002/wics.1361/abstract
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A practical guide to text mining with topic extraction
By: Andrew Karl, James Wisnowski and W. Heath Rushing

http://onlinelibrary.wiley.com/doi/10.1002/wics.1361/abstract
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* Heath Rushing’s Technically Speaking JMP®:
Tackling Unstructured Data With Text Exploration

https://www.jmp.com/en us/events/ondemand/technically-
speaking/tackling-unstructured-data-with-text-exploration.html

* Brady Brady’s Advanced Mastering JMP®:
Retrieving and Organizing Text for Analysis

https://www.jmp.com/en us/events/ondemand/mastering-jimp/text-
explorer.html



https://www.jmp.com/en_us/events/ondemand/technically-speaking/tackling-unstructured-data-with-text-exploration.html
https://www.jmp.com/en_us/events/ondemand/mastering-jmp/text-explorer.html

afd\wthURGo Text Analytics: Trending Upward

analytics

* |n 2015, SAS text mined

7,000 data scientist job T T T SV ——

. . OPTIMIZATION 23%
descriptions for top TEXT_ANALYTICS 7%
TIME_SERIES 17%

Skl”S r‘equired DATA_WRANGLING 16%
CLUSTERING 16%

* Text analytics is fastest OATA_VESUALIZATION e
grOW|n g area DESIEN_DFTE?(LL;{BIMENTS_AB :i;
n=7027

e ~80% of data® is
unstructured and is
waiting to be analyzed

http://blogs.sas.com/content/text-mining/page/2/

* 83.92% of all statistics are made up. (Prof. Dick DeVeaux, Williams College)



Social Media Analytics—Twitter
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* Real-time feed of social media provides intelligence opportunity

* Example: Trump
— 2 minutes of all Tweets at 6:30AM on 19 June 2017
* Sentiment analysis/opinion with text mining tabulates the

number of positive terms and number of negative terms
(Harvard IV dictionary) from all Tweets
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exact E Cuba play potus believ Hii :::::le ::::ntr g s
Senat amerlCan |awyer 1134 lie pleased Sum um
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—One_ Ilke rl ht 1143 | lone polish
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mag govern bama tOday g 1147 | lenesome popular
bill fOUﬂdatattaCk|mpeaCh o) 1148 | loom popularity
make Supportstopoverhaul % 1149 lose populous

1150 |loser portable



Social Media Analytics—Twitter
/... \DSURGO Sentiment Analysis

Real-time feed of social media provides intelligence opportunity
* Example: Trump
2 minutes of all Tweets at 3:30 PM PDT on 19 June 2018

* Sentiment analysis/opinion without sentiment analysis

Add “Trump” to
Stop Word List

haley us
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Term Count realdonaldtrump admln q border W atening
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trU mp 91 : T;*Y‘Mg t; edtake ¢ mtel‘v'l m|grant C O u n C I | .J a m p detall’ledIJOb he -
- x e e T B e VL d0n sex announces d cr eav|ng
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* Real-time feed of social media provides intelligence opportunity

 Example: LeBron James after announcement he is going home
All Tweets for 5 mins the day LeBron made his statement
All Tweets for 5 mins the day he won the NBA Championship

« realskipbayless ; o _sportscent .o iskipbavless
noah €astern Nttp  Negative Positive ® bring "‘&L, p
oo One‘u’ertmtterderrmk sign_ | 1132 lizble pleasantry v @ cthagod cévahé"'%*’%“
00%one 9ot will Sportscentlgﬁ talk 1133 |liar please home back pomtmagac
mysportslegion final,,ant *Swant 1134  lie pleased oo t%hamplonshlp pts
m'”s;%g return Cthomed-:g'sm'“e 1135 lifeless pleasurable % wil, 'S win game |, €| best
time - c all ¢t play
|ostg fan b k KVri nbamern 1136 limit pleasure S mue= t vear
shaq¢ Via d y 1137 | limitation pledge eg seri (“flnalnbalorda”
join ||ﬂg =
C eve a n 1138 limp plentiful S, last > ettey@"'ne
S caval 1139 liquidate plenty E.)espn; a I I .eeamﬂston
z leavNOW Ilkego just bo‘;“h“ % 1140 liquidation  poetic = ever I Canw
= . . fa - Irs
j‘f;’;’;‘_""’:'ggénnh atm|am|loveplay £2 1141 |litter poignant » N, gam ayel'orl‘e% mrhael
titlrose oget Vs goodpeam - 1142 | load poise g "; 2 CUrTl «
hate yall come ¢ gseenba gonna 1143 lone polish Sg eﬂ%%grc(yqleb|0(:ksteal 3¢ @
fonm ampsinc 2 Scan_ stil _ : s wonlUstkobe &
- COerr'Cbreakwm goe 1144 leneliness polite [~ H-.V?SSISLgreateSTnOW hate ©
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1148 | leom popularity
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. 1150 | loser portakble
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Negative |Sum | 1626 2722 1257
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Some DOD Applications of Text Mining

Performance report analysis—powerful words and phrases, grouping like
reports, combining with structured data

Analysis of text fields in system maintenance reports or software trouble
reports

Using mission report text fields to help predict IED locations

DHS/ECBC monitoring www for discussions of chemical/biological agents
Boosting survey insights with deeper analysis of free text responses
Contract performance reports

Summarizing volumes of MIL-STDS; searching for specific related topics

Finding patterns in voice-to-text translations of communications during
operations

Evaluating sentiment about quality of life from social media posts
Sentiment analysis applied to intelligence; pattern-of-life
Electronic health record analytics

R&D: what are the most common themes in the abstracts at reliability
conference? What are topics from a large group of technical journal
articles?
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ADSURGO Text Analytics Flow

ascend with anal ytics

Define

* Determine clear study objectives and end-state

Problem . .
* Identify relevant data sources to answer research questions

Statement

* Scrape internet with web crawling and social media tools
*  Extract text from disparate file types (pptx, doc, txt, pdf, html)
* Strip off code, figures, extraneous characters

Collect and
Extract Data

* Clean manually with character functions, queries, filters, R&R
Prgcess and * Remove punctuation, numbers, stop words
Filter Text * Stem and tokenize text, change to lowercase, identify multiwords.

* Create document term matrix
Transform *  Weight matrix based on analysis objectives
Text * Use Singular Value Decomposition to get structured data

* Discover topics and common themes
Text Mining * Group like documents and words
Exploration » Subset documents and link concepts

e Combine with structured data
* Visualize exploitable patterns
* Understand sentiments and trends

Predictive

Analytics
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\DSURGO ORSA: How Exactly Does TM Work?

aaaaaaaaaaaaaaaa

Another View of Text Mining

Text

b




\DSURGO Answer

Another View of Text Mining

Miracle

Occurs




Unclassified Text Mining Example
Aircraft Accident Reports

e Data: Air Force Accident
Investigation Board Reports

* Objectives:

what are common themes?

what factors contribute to fatal
accidents?

what words group together?
what reports group together?

how can we link structured and
unstructured data fields?

UNITED STATES AIR FORCE
AIRCRAFT ACCIDENT INVESTIGATION
BOARD REPORT

? »
‘l//)[f[”'l / C \\\\\'\'

C-130J, T/N 08-3174

774TH EXPEDITIONARY AIRLIFT SQUADRON
455TH AIR EXPEDITIONARY WING
BAGRAM AIRFIELD, AFGHANISTAN

LOCATION: JALALABAD AIRFIELD, AFGHANISTAN
DATE OF ACCIDENT: 2 OCTOBER 2015
BOARD PRESIDENT: BRIG GEN PATRICK X. MORDENTE
Conducted IAW Air Force Instruction 51-503

45



Let’s First Revisit the ORSA Question
/... \DSURGO Key Quantity: Document Term Matrix

« DTM is a sparse matrix with documents as rows and terms as
columns=> 3,200 rows (accident reports) by 800 cols (words)

e Tallies the word counts for each document
— Mostly O’s
— Can use binary, term frequency, inverse document frequency, and
other weighting schemes
« DTM itself is helpful (i.e could do correlation analysis on
columns), but need to take it a step further with Latent
Semantic Analysis

the pilot's failure to maintain directional control. Factors were the crosswind, th... 0 T
The flight instructor’s failure to ensure (supervision) the student had an adequat... 1 0
The pilot'sinflight decision to continued visual flight into instrument meteorolo... i 0
the loss of power to both engines for undetermined reasons during approach. ... 0 0
The pilots decision not to fly to the alternate airport, his decision to continue th... 0 0

oo o O O
=2 o O O O

0
0
0
0
1
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\DSURGO Singular Value Decomposition

aaaaaaaaaaaaaaaa

* The reduced-rank singular value decomposition (SVD) provides
us with a dimensionality reduction technique.

 The SVD reduces the DTM to a (dense) matrix with fewer
columns. The new (orthogonal) columns are linear
combinations of the rows in the original DTM, selected to

preserve as much of the structure of the original DTM as
possible.



\DSURGO SVD Example

X1 and X2 describe the location of these points.
However, they appear to fall mostly along a line.

X2

X1



A DSURGO SVD Example

ascend with anal ytics

Roughly, the SVD finds a new set of orthogonal basis vectors such
that each additional dimension accounts for as much of the
variation of the data as possible.

SVD1

SVD2

X1
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A\DhSURgQ Singular Value Decomposition

aaaaa d wit ana

e Fora DTM X, the SVD factorization is
X =~ UDVE,
where

 Uisadense d by s orthogonal matrix U gives us a new rank-reduced description
of documents

* Dis adiagonal matrix with nonnegative entries (the singular values).

e V! isadense s by w orthogonal matrix, where s is the rank of the SVD
factorization (s=1,...,min(d,w)), and the superscript t indicates “transpose.” V
gives us a new rank-reduced description of terms.

e disthe number of documents
e wisthe number of words
* sisthe rank of the SVD factorization (s=1,...,min(d,w)).
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A\DhSURgQ Topic Extraction With SVD V Matrix

aaaaa d wit ana

4 »/ Topich
16

* The 5" eigenvector from the V matrix loads on
inadequate compensation for crosswinds



/ \DSURGO

BSCCH

anal ytics

Topic Term Loading, Word Cloud Filtered

by Topic, and Colored by Topic Cluster

experienc

fuel- exhaust-

failu

Topic 1 “loss of eng
Term Loading

instrument 0.60037 emanag
meteorological 0.53265
ceil- 0.51157
flight: 0.50531
continu- 0.48495
low 0.44785
weather 0.43053
vir 0.41082
night 0.40613
spatial- 0.40265
disorient 0.40086
condit 0.39957
cloud- 0.39942
advers. 0.35134
clearanc 0.34990
rate- d
visual- C@ll cloud- @ Verg atial-
tlﬁ[llrilaotc:l::'n CO n_tl n U mounta|n rising p
sezeced i weather ¢
nd_-n = g

known

erzatun yigi |- published | im
rules

obscur-
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meteorolog|cal

. prepar venfl i nadequ

Suppy
enfu e | °* . refuel systte?nnﬁm

ok
r-to maintain- ..
in- power-

disariantad

inaccurate

destlr‘atlon- manag:
consumption

Topic 3
Term Loading
fuel- exhaust 0.71220
fuel- 0.69099
preflight: 047071
plan: 0.42553
tank- 0.37138
inadequ- 0.34722
calcul 0.34694
loss of engin- power  0.34295
consumption 03219
due 0.31965
refuel 0.31666
en 0.29369
selector- 0.29298
inaccurate 0.28770
capablllty

cor‘tamm altern:

-~ selector

balance Spln InadVe rt
den5|ty

i‘altltud < climb- nt:

o adequ mush \,f\,fen_:]htg

Topic 5
Term Loading
stall- 0.6717

airspe- 0.6344
adequ- 0.4250
inadvert  0.3899
mush- 0.3747
altitud- 0.3658
land- -0.3565
density 0.3551
climb- 0.3297
weight 0.3148
maneuv- 03061

high 0.2923
takeoff 0.2891
spin- 0.2730

Sort ta keOﬁ: attain-

suffici

........

.Mmane LIV rlematur-




A Finding Documents Related to Topic 5:
ficurd S TS SVD U Matrix

-
narr_cause

1| The pilot's inadequate compensation for gusty wind conditions. Factors associated with the accident were the pilot's inadequate ... 25480873522

2 | The pilot'sinadequate compensation forwind conditions during the landing roll, which resulted in an inadvertent ground loop/sw... 25178671713

3 The pilot'sinadequate compensation for the winds conditions which resulted in the failure to maintain directional control of the ai... 24973844764

4 The pilot's inadequate compensation for the wind conditions thatresulted in directional control not being maintained during the l... 24872052169

5 The pilot'sinadequate compensation for wind and his failure to maintain directional control of the airplane which resulted in a gro... 2482312475

6 The pilot's inadequate compensation for wind conditions during the landing roll, resulting in & nose over. A factor associated wit... 24742882397

7 | The pilot'sinadequate compensation for the wind conditions which resulted in the failure to maintain directional control of the air... 24740669529

8 The pilot's inadequate compensation for wind conditions during the takeoffroll. A factor associated with the accident was a cross... 24421888586

9 | The pilot'sinadequate compensation for wind conditions while on approach, and the inadvertent stall of the airplane while attem... 24388091067
10 ' The pilot failed to maintain directional control of the airplane due to inadequate compensation for the wind conditions. Factorsa... 24363088679
11 The pilot's inadequate compensation for wind conditions. Factors associated in the accident were a crosswind, and a worn tailwhe... 24288790043
12 The pilot'sinadequate compensation for wind conditions. A factor associated with the accident was a crosswind. 24158701461
13 theinadequate rotation speed and compensation for wind conditions by the pilot. Contributing factors were the crosswind and g... 2.3758763124
14 ' The pilot's inadequate compensation for wind conditions during the takeoff run, which resulted in a loss of control and subsequen... 23750758348
15 | the pilot's inadequate compensation for wind conditions. Factors were the crosswind and the gusts. 23677401171
16  The pilotdisplayed inadequate compensation for the wind conditions that existed at the time of the accident and directional contr... 2.3549840887
17 the pilot's inadequate compensation for the wind conditions which resulted in a loss of control during landing. A contributing fac... 2.3503264913
18 | The pilot's inadequate compensation for wind conditions and his failure to maintain directional control during an aborted landing.... 2.3333072329
19  The pilot'sinadequate compensation for wind conditions which resulted in an in-flight collision with trees. A factorrelated to the ... 2.3188632769
20 Inadequate preflight planning and inadequate compensation for the wind conditions which resulted in a failure to maintain direct... 23182120659
21 The pilot'sinadequate compensation for wind conditions while landing. Factors associated with the accident were the pilot'sinad... 23039591872
22 The pilot'sinadequate compensation for wind conditions during initial climb, which resulted in an in-flight collision with trees. Af... 22971297018
23 The pilot'sinadequate compensation for wind conditions during takeoff, which resulted in an in-flight collision with trees. Afacto.. 2.2900786845
24 The student pilotsinadequate compensation for wind conditions which resulted in an off-field landing, and the CFl's improper dec... 22833687328
25 The pilot's inadequate compensation for wind conditions during takeoff. Factors associated with the accident were treesand ava... 22826089858
26 The pilot'sinadequate compensation for wind conditions during takeoff. Factors associated with the accident were variable winds... 2.2826089858
27 The pilot'sinadequate compensation for wind conditions, resulting in an inadvertent ground loop. Factorsinclude wind gusts duri... 2.2729439036
28 | The pilot's failure to adequately compensate for wind conditions after encountering a crosswind gust during the landing roll. Fact... 2.2675327857
29 | The pilot's inadequate compensation for wind conditions, and the excessive use of the airplane's brakes, which resulted in a nose ... 2.2661909279
30 The pilot'sinadequate compensation for wind conditions. Factors associated with the accident are variable winds, and a downdraft. 2.2660439108
31 The pilot'sinadequate compensation for wind conditions and his failure to maintain directional control. Contributing factors were... 2.2648282967
32 | The pilot'sinadequate compensation for wind conditions during takeoff. A factor associated with the accident was a variable wind. 2.2579465664
33 | The pilot'sinadequate compensation for wind conditions during the landing roll. A crosswind was a factor. 2.2515447851
34 The pilot's inadvertent stall of the airplane during takeoff. Factors associated with the accident were the pilot's inadequate weath... 2.250859567
35 The pilot'sinadequate compensation forwind conditions and his failure to maintain directional control during the landing roll. Fac... 2.2497623998
36 the student pilot'sinadequate compensation for the crosswind during landing roll. A contributing factor was the cross wind weat... 2.2386981287
37 The pilot'sinadequate compensation for wind conditions. A factor associated with the accident was a sudden wind shift. 2.2340296545
38 the pilot's inadeqguate compensation for the gusting and shiftingwind conditions, which resulted in a failure to maintain direction... 22275070311

* |f we sort the corresponding U matrix on SVD 5
descending, we see the reports with inadequate wind
compensation rise to the top



Aosuaeo SVD1 vs. SVD2

ascend with ana ytlcs

0.2
r

0.0

* Plotting first two eigenvectors is often helpful and a
recommended first step



ADSURGO Term SVD1 vs. SVD2

ascend with anal ytics
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* Plotting first two eigenvectors is often helpful and a
recommended first step



/ \DSURGO

ascend with anal ytics

Clustering Terms

Hierarchical Clustering
Method = Ward
Dendregram

Often, there will be a large
cluster (seen at right) of

unimportant terms
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/ \DSURGO

ascen

with

anal ytics

Clustering Terms

Here we can see with
a large number of
clusters, words
typically associated
with one another are
in the same cluster
The distance matrix
allows us to see the
closest terms to any
specified word

¢ -
- Label Cluster
. 1| reason 447
= 2 | undetermin 441
3 | attent 332
4 divert 332
3 | disorient 311
& spatial 311
7 pattern 305
& | traffic 305
9 | defici 284
10 | known 284
- 11 rough 275
. 12 uneven 273
. 13 | pole 262
. 14 | util 262
15 hing 233
18 spring 233
17 stud 233
18 tab 233
19 tension 233
20 | worn 233
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A \DSURGO Clustering Accident Reports

ascend with ana ytlcs

* Itis possible to cluster the eigenvectors of the U matrix
to group accident reports that have common themes
* We can cross-tabulate the clusters with the proportion

that were fatal

e These clusters were had about 35 records each and all

were non-fatal
Cluster N(NO) Row %(NO)

188 38 100.00%
169 35 100.00%
189 33 100.00%
236 31 100.00%
193 29 100.00%
176 26 100.00%
180 26 100.00%
192 26 100.00%

B0 25 100.00%

N(YES) Row %(YES)

0

0 O O OO O O O

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
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/ \DSURGO
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Bounced Landings: Not Fatal

Cluster fatal

188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188

MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO

narr_cause
The loss of control on landing due to the student’s improper recovery from a bounced landing, and the resulting nose over on the grass runway.

The student's failure to maintain control of the aircraft during landing due to his improper landing flare height and improper recovery from a bounced lar
the student pilot's failure to recover from a bounced landing, which resulted in porpoising and subsequently a nose over.

The pilot's premature flare, which resulted in an inadvertent stall and a bounced landing. A factor was the improper recovery from a bounced landing.
the student pilot's improper recovery from a bounced landing.

The pilot's improper flare, and improper recovery from a bounced landing.

The pilot's improper flare and his improper recovery from a bounced landing.

The pilot's improper recovery from a bounced landing.

The student pilot’s failure to maintain aircraft contral during the landing, her failure to recover from the bounced landing, and the nose gear overload.
The student pilots improper flare, and improper recovery fram a bounced landing. A factor was the student pilot's lack of total experience.

The pilot's inadequate recovery from a bounced landing. A factor associated with the accident was a crosswind.

The pilot's improper recovery from a bounced landing.

An inoperative airspeed indicator and the pilot's improper recovery from the bounced landing.

The pilot's improper flare, and improper recovery from a bounced landing.

The student pilot's improper flare and recovery from a bounced landing.

The pilot's inadequate recovery from a bounced landing which resulted in a hard contact with the runway. Factors associated with the accident were t
The pilot's improper recovery from a bounced landing. A factor in the accident was the pilot improper flare.

The student pilot's improper flare and failure to recover from a bounced landing resulting in the subseguent collapse of the nose gear during the landing
The pilot's improper recovery from a bounced landing. A factor was the pilot’s failure to flare during initial touchdown.

The pilot's misjudgment of distance, his subsequent improper recovery from a bounced landing, and the failure to maintain airspeed which resulted in
the student pilot’s failure to properly recover from a bounced landing which resulted in the airplane porpoising. A contributing factor was the student pi
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Soft Terrain: Not Fatal

Cluster fatal

169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169

MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO
MO

narr_cause
The pilot's failure to maintain a proper glidepath during final approach. A factor associated with the accident was soft terrain.

The pilot's failure to maintain directional control during the landing roll. Factors were the crosswind and soft terrain condition.

The pilot's inadequate preflight planning/preparation. and his selection of unsuitable terrain for landing. A factor in the accident was snow-covered terrai
The pilot's selection of unsuitable terrain for takeoff, and his inadequate preflight planning/preparation resulting in a collision with trees during the initial ¢
The pilot's inadvertent stall while maneuvering. A factor associated with the accident was soft, snow-covered terrain.

The pilot's selection of unsuitable terrain for landing and subsequent nose over during the landing flare. Factors in the accident were soft, snow-covered
the pilot’s failure to maintain directional control during the takeoff initial climb. Contributory factors were the pilot's lack of experience with the aircraft ar
the rocker assembly failure during low level maneuvering. Factors were the soft and sandy terrain and the unsuitable terrain the pilot encountered during
A soft area in the turf runway, which resulted in a loss of directional control during the landing rollout.

The pilot's selection of unsuitable terrain for landing. Factors in the accident were a soft area of runway, and sunglare.

The pilot's selection of unsuitable terrain for takeoff. Factors in the accident were soft terrain, and the pilot's delay in aborting the takeoff.

The pilot's selection of an unsuitable landing area. A factor associated with the accident was soft terrain.

The selection by the pilot of an unsuitable precautionary landing site on soft, uneven terrain, which resulted in a rollover.

The inadequate preflight planning by the pilot, the pilot initiating the flight with an inadequate fuel supply, and the unsuitable terrain encountered during t
The inadequate fuel supply for the flight which resulted in fuel exhaustion. A factor associated with the accident was the low altitude and the soft terrair
The pilots failure to maintain directional control during the landing. Factors were the crosswind and the soft terrain.

the pilot's failure to maintain directional control during the landing roll, which resulted in the airplane departing the runway, impacting with a windsock, a
the unsuitable terrain for landing selected by the pilot. A factor was the soft terrain.

the pilot’s improper rotation and failure to maintain directional control during takeoff. Additional factors were the crosswind and the soft terrain.

A loss of engine power for undetermined reasons, which resulted in a forced landing and subsequent nose over during landing roll. A factor was the soft
The student pilot's failure to maintain directional control of the airplane during the landing roll. A contributing factor was the soft terrain.

The improper planning/decision in runway selection. The soft runway condition and wet snow were contributing factors.

Loss of engine power for undetermined reasons. Soft terrain was a factor.

The pilot's decision to continue the takeoff. A factor in the accident was the soft wet runway.

The pilot's use of unsuitable terrain (landing surface) at his privately owned landing site. A contribtuing factor was the soft area which the aircraft's right
The pilot did not maintain directional control and executed improper use of the brakes. A factor associated with the accident was the soft terrain.
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A \DSURGO Concentration of Fatal Accidents in Clusters

ascend with ana ytlcs

Cluster N[NG} Row %(NO) N["I"ES} Row “%(YES)

([P L0} b - L S
27 2 40.00% 3 60.00%
139 [ 36.84% 12 63.16%
82 N 35.48% 20 64.52%
155 1 33.33% 2 66.67%
208 7 31.82% 15 BE.18%
206 3 30.00% [ 70.00%
81 2 28.57% b 71.43%
83 2 28.57% A 71.43%
[ 4 25.00% 12 75.00%
50 1 20.00% 4 a0.00%
187 7 19.44% 29 a0.56%
53 2 18.18% 9 81.82%
205 2 10.00% 18 90.00%
222 0 0.00% 1 100.00%

* The clusters at the bottom of this table have a
higher concentration of fatal accidents.
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Spatial Disorientation: Fatal

Cluster fatal
206 NO
205 YES
205 YES
205 YES
206 YES
205 YES
205 YES
205 YES
206 YES
205 YES
205 YES
205 YES
206 NO
205 YES
205 YES
205 YES
206 YES
205 YES
205 YES
205 YES

narr_cause
Improper weather evaluation by both the pilot and pilot/passenger, and the pilot’s inadvertent WVFR flight into IMC resulting in his spatial disorientation.
The pilots decision not to fly to the alternate airport, his decision to continue the flight in known adverse weather conditions, spatial disorientation by tl
The pilot's failure to maintain control due to spatial disorientation.

The pilot flying at an altitude insufficient to clear surrounding terrain. Contributing factors were the pilot becoming lost/disoriented, his subsequent spal
The pilot's spatial disorientation due to a night visual illusion. A factor was the dark night condition.

the pilot's spatial disorientation, which led to his failure to maintain aircraft control. A contributing factor was the pilot’s decision to intentionally fly into
the pilot's continued VFR flight into IMC, which resulted in spatial disorientation and the ensuing loss of aircraft control while in cruise flight. Contribut
the pilot's VFR flight into IMC, which resulted in spatial disorientation and a loss of aircraft control. A contributing factor to the accident was the pilot's
The pilot experienced spatial disorientation, which resulted in an inflight loss of control and subsequent collision with trees and terrain. A factor was tl
The pilot’s failure to maintain a proper climb rate while taking off at night, which was a result of spatial disorientation. Factors in the accident were the
The pilot's loss of control in flight due to spatial disorientation, and his subsequent overstress of the airplane during a recovery attempt. A factor in the
The pilot initiated a VFR flight into known IMC conditions which resulted in a loss of control of the airplane due to spatial disorientation. Factors were t
Pilot's failure to maintain adequate separation from terrain during the initial climb. Factors include spatial disorientation and a dark moonless night.
The pilot's becoming lost and disoriented and his failure to maintain control of the airplane while flying over an unpopulated area on a dark night, which
the pilot’s failure to maintain aircraft control and his inadvertent flight into known adverse weather conditions. Factors relating to this accident were the
The pilot experienced spatial disorientation that resulted in the loss of control.

Flight into known adverse weather conditions by the pilot and the spatial disorientation of pilot. Contributing factors were the lack of certification by th
The pilot’s failure to follow operating procedures and, experienced spatial disorientation while attempting a night landing to an offshore platform. A fact
The pilot's spatial disorientation, which resulted in his subsequent loss of control of the airplane. A factor was the dark night, over water visual conditi
The pilot's spatial disorientation during a missed approach, which resulted in a loss of contral, and the airplane’s subsequent impact with water. Fact
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Drugs: Fatal

Cluster fatal
53 YES
A3 YES
53 YES
53 YES
53 YES
A3 YES
53 YES
53 YES
53 NO
A3 YES
53 NO

narr_cause
The airplane flightcrew's failure to maintain adequate distance/altitude from mountainous terrain during a departure climb to cruise flight, and the captain's impairment from drugs. Factors ir
The pilot's inadequate altitude clearance above water while conducting low level flight maneuvers. A factor related to the accident was the pilot's impairment of judgment due to alcohol cons
The pilot's failure to maintain aircraft control during takeoff. A factor was the pilot's impairment due to a narcotic painkiller and antihistamine.

The pilot's failure to maintain aircraft control. A factor in the accident was the physiological impairment of the pilot due to the consumption of alcohol.

The pilot's unsuccessful recovery from an intentional aerobatic stall/spin maneuver. Contributing to the accident were the pilot's impairment (alcohal), and his psychological condition.

The pilot inadvertently stalled the airplane. A factor was the impairment due to marihuana.

The inadvertent flat spin of the airplane by the flightcrew resulting from the flight instructor's inadequate supenision. A contributing factor was the impairment (drugs) of the private pilot.

The pilot's unsuccessful corrective action {recovery) from an inverted spin. A contributing factor was the pilot's encounter with the inverted spin maneuver.

The pilot's failure to maintain control of the aircraft which resulted in an uncontrolled descent and an in flight collision with water. Contributing to the accident was the impairment of the pilot
The pilot's failure to maintain adequate airspeed which resulted in an inadvertent stall, and subsequent collision with terrain. A contributing factor was the pilot's impairment from the effects
The pilot's physical impairment due to a previous head injury which resulted in his becoming disoriented. A contributing factor was the lack of suitable terrain for the precautionary landing.
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Failure to Maintain Airspeed: Fatal

Cluster fatal
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 NO
187 NO
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES
187 YES

narr_cause
The pilot’s failure to maintain airspeed, which resulted in an inadvertent stall/spin while on base leg.

the inadvertent stall/’spin. Additional factors included the aerobatic manuevers, low altitude, and the procedures not followed.

the pilot in command inadvertently allowing the airplane to stall/spin. Contributing factors were the pilot's total lack of experience in airplane make/model, and
The pilot not maintaining aircraft control during the initial climb after takeoff and the inadvertent stall/spin. A factor to the accident was the pilot's total lack of e
the pilot's failure to maintain aircraft control due to his incapacitation for an undetermined reason. A contributing factor was the subsequent inadvertent stall/sp
the pilot’s failure to maintain aircraft control following a loss of engine power while maneuvering, which resulted in an inadvertent stall/spin. Contributing factors
The student’s failure to maintain adequate airspeed during the crosswind climb that resulted in a stall/spin at low altitude and the airplane’s subsequent ground
The pilot's failure to maintain control of the airplane resulting in the inadvertent stall/spin. A factor was the pilot's unfamilianty with the airplane.

The pilot’s failure to maintain airspeed during an aerobatic maneuver, which resulted in an inadvertent inverted spin.

The pilot’s improper use of the flight controls while turning to base, which resulted in a stall/spin and subsequent impact with the ground.

the failure of the pilot to maintain airspeed, which resulted in an inadvertent stall/spin, and subsequent impact with the terrain.

The pilot not performing an aborted takeoff and the inadvertent stall he encountered on his inadvertent initial climb. Factors were his inadvertent lift-off, the repo
the failure of the pilot to maintain airspeed, while attempting a forced landing following a loss of engine power for undetermined reasons, which resulted in an in
The inadvertent stall/spin by the pilot.

the pilot’s failure to maintain aircraft control during the base turn, which resulted in an inadvertant stall/spin.

loss of engine power due to both piston rings failing, and the subsequent inadvertent stall/spin during the attempted forced landing. A contributing factor was tt
The inadvertent stall/spin encountered by the pilot during a slow flight maneuver. Factors relating to this accident were the low airspeed and the trees.

the failure of the pilot to maintain airspeed, which resulted in an inadvertent stall/spin, and subsequent impact with trees, while at a low altitude.

The pilot’s failure to maintain airspeed during a low-altitude aerobatic maneuver, which resulted in an inadvertent stall/spin and subsequent uncontrolled descen
The loss of engine power for undetermined reasons, and the pilot’s failure to maintain airspeed which resulted in an inadvertent stall/spin.

The pilots failure to maintain airspeed while maneuvering in instrument flight conditions resulting in an inadvertence stall/spin (vertical descent) and subsequent
the pilot's failure to maintain control of the airplane while maneuvering resulting in an inadvertent stall/spin.

The pilot’s failure to maintain airspeed after a loss of engine power, which resulted in an inadvertent stall/spin. Also causal, was the loss of engine power for ur
The pilot’s failure to maintain adequate airspeed during the turn to final, which resulted in an inadvertent stall/spin. Factors included low ceilings and night light
the pilot's failure to maintain control of the airplane resulting in the airplane entering a flat spin from which the pilot did not recover.

The pilots” failure to maintain airspeed, which resulted in an inadvertent stall/spin. The continued spin to the ground was a result of the pilots” failure to deploy t
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A \DSURGO Decision Tree for Fatal Using DTM

ascend with ana ytlcs

 We can use all 800 columns (each a word) in the Document Term
Matrix as input variables to predict whether or not an accident
will be fatal

* Iflandis in the narrative, it will almost surely not be fatal
|

| | |
Count G"2 LogWorth

~ All Rows

3235 2594.94 53.803893

|
[ |

*land<1 *land>=1

| | |
Count G"2 LogWorth Count G"2 LogWorth
1893 1952.3657 17.074065 1342 400.74621 5.0706185

*low==1 *low=1 * mountain==1 * mountain<1
I | | I I |
Count G*2 LogWorth Count G*2 LogWorth Count Gn2 Count G*2 LogWorth
135 186.54929 3.8951041 1758 1691.9673 13447441 6 763817 1336 373.2859 4.1375634
| | [* Candidates |
* dark>=1 *dark<1 ¥ stallspin>=1 ¥ stallspin<1 * night>=1 * night<1
I N N | | I ||
Count G"2 Count G"2 Count G"2 Count G*2 LogWorth Count G"2 Count G"2
11 1] 124 17186824 31 30462302 1727 16041121 12.652563 36 35467463 1300 32208312
> Candidates [> Candidates > Candidates | > Candidates [ Candidates
| |
¥ spatial>=1 ¥ spatial<1
I D | N .
Count Gnr2 Count Gnr2
25 21.983494 1702 1528.3338 65
P Candidates > Candidates




Most Useful Words to Predict Fatal

/ \DSURGO

ascend with anal ytics

4 Column Contributions

Mumber
Term of Splits G"2 Portion
land 1 241.828087 0.1725
low 2 80.4145073 | 0.0574
rmountain 2 66080032 0.0471
stallspin 1 57.3928079 | 0.0409
stall 2 57.2399443 | 0.0408
spatial 1 53.7948553 0.0384
loss 3 477425258 0.0341
control 4 47.5295539 0.0338
maneuy 2 3432248277 - 0.0245
inflight 1 33.8711685 | 0.0242
maintain 3 33.2827629 I 0.0237
intent 1 327165376 1 0.0233
fog 1 323386054 ] ¢ 0.0231
failur 5 25.9087836 0 0.0185
night 3 25.6879536) | - 0.0183
undetermin 1 251220351 ] 0.0179
collis 2 25.0195528 1] 0.0179
direct 1 2413053181 0.0172
wir 1 217555089 ] 0.0155
dark 2 19.8593295 ] 0.0142




ADSURGO Word Cloud Colored by Proportion Fatal
e e and Filtered by Meteorological Conditions

fatal
| a n d ’ . 100% (2.0)
80% (1.2)
Visual R
. . . . 40% (1.1)
- fallure to maintain- flight B 200
Meteorological . J o% .0
. Inadequ: fuel direct-
Conditions improp: runway-
terrain forc- inadvert- reason- collision
undetermined wind- stall- loss roll- student- unsuitable terrain tree
crosswmd clearance airspeed land- gear: : Itltuc roper- flare: exhaust: encount lack
adequ. nose- compens go- includ taxi- maneuv- power right
I:-.r
fatal
. 100% (2.0)
Instrument _ 75% (16
: Instrument: 59% (1.5
Meteorological |DWI 595 (1.4
. N 0% (1.0)
Conditions accident meteorological land- approach 0% (1.0
failure snow collision nadvert- adverse ice
overed fog loss maneuvering runway subsequent altitude mountain.

cle rance inadeguate trees |so|| ntation known proper spatial
repeed area imc improper stall attempt d maintaire



A\DhSURSE:QS Summary

aaaaa d wit ana

* Datais growing exponentially across DOD
* Much of this is unstructured text data

* Text mining takes statistical tools and converts the text
into meaningful mathematical expressions
 Example uses of text mining
— Concept extraction
— Grouping like documents or records together
— Grouping terms together

— Creating structured variables that represent the text fields
to use in predictive analytics

* Relatively short learning curve to perform powerful text
analytics using open source software and commercial
solutions



\DSURGO Questions?
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Thank Youl!



