
Dr. Laura Freeman

Statistical Thinking in DoD Test & Evaluation: 
F-35 Case Study



Improving Operational Testing: A case study 
from my past 8 years



Goal of Operational Test:  Evaluate Operational 
Effectiveness, Suitability, and Survivability
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DoD Test Paradigm In Terms of Your New Corolla
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Requirements documents are often missing
important mission considerations
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Congress established DOT&E separate from the 
Services’ operational testing agencies

Department of Defense

Office of the

Secretary of Defense

Director, 

Operational Test

and Evaluation

Service Operational Testing Agencies

Army Navy & Marines Air Force

Congress



DOT&E Sets Policy and Guidance for Conducting 
Operational Testing

The goal of the experiment. This should reflect 
evaluation of end-to-end mission effectiveness in an 
operationally realistic environment. 

Quantitative mission-oriented response variables
for effectiveness and suitability. (These could be Key 
Performance Parameters but most likely there will 
be others.) 

Factors that affect those measures of 
effectiveness and suitability. Systematically, in a 
rigorous and structured way, develop a test plan 
that provides good breadth of coverage of those 
factors across the applicable levels of the factors, 
taking into account known information in order to 
concentrate on the factors of most interest. 

A method for strategically varying factors across 
both developmental and operational testing with 
respect to responses of interest. 

Statistical measures of merit (power and 
confidence) on the relevant response variables for 
which it makes sense. These statistical measures are 
important to understanding "how much testing is 
enough?" and can be evaluated by decision makers 
on a quantitative basis so they can trade off test 
resources for desired confidence in results.



Kotter’s Process for Leading Change

1. Establish a sense of urgency

2. Form a powerful coalition

3. Create a vision

4. Communicate the vision

5. Empower others to act

6. Create short term wins

7. Consolidate improvements and produce more change

8. Institutionalize new approaches



Project Campions



Project Campions



Strategic Plan



Design of Experiments for Test Planning

F-35 Case Study
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The F-35 Program is Complex even by DoD 
Standards

Carrier variantConventional Short takeoff/vertical landing



And Required to Accomplish Many Diverse 
Missions

Carrier variantConventional Short takeoff/vertical landing

Mission Areas Air Threat Ground Threat

Air-Surface

Strike

Destruction/Suppression of Enemy 

Air Defenses

Defensive counter air

Offensive counter air

Close air support

Search and rescue



Problem Identification

How do you evaluate the F-35’s ability to accomplish a diverse set 
of operational missions with limited test resources?



Characterization across operational envelope –
Strike, Offensive Counter Air, and Destruction/Suppression Enemy Air 
Defense

Weapons 

Production 

Facility
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Characterization across operational envelope –
Response Variables

Lots of measures to capture:

Mission outcomes

Air to Air Performance

Air to Surface Performance

System sensor capabilities

Targeting Accuracy Striker

Striker First Track Range

Striker First Hostile Declaration Range

Striker First Shot Range

Red Air First Detection Range

Red Air First Shot Range

Striker SAM Track Time

Proportion of Valid Weapon Releases to Number 

of Valid Weapon Releases Required to Meet 

Mission Tasking

Proportion of Assigned Air to Surface Targets 

Removed

Proportion of Striker Kill Removed

Striker to Red Air Exchange Ratio

Geolocation Find Time

Fix Time

DEAD Time

Targeting Accuracy Escort

Escort SAM Track Time

Proportion of Assigned SAM Elements Removed 

Proportion of Assigned SAM Elements Engaged

Exchange Ratio

Closest Red Air Range to Strike Package

Blue Striker Encroachment Range

Escort First Track Range

Escort First Hostile Declaration Range

Escort First Shot Range

Red Air First Detection Range

Red Air First Shot Range

Proportion of Escort Blue Strikers that reach 

their Weapons Release Point

Proportion of Protected Aircraft (Strikers) Not 

Kill Removed

Proportion of Escort F-35 Kill Removed

Escort to Red Fighter Exchange Ratio



Experimental designs determine test adequacy

24 Run, D-Optimal

2nd Order Design

Disallowed 
Combinations



Two mission designs, executed in a 5th

generation scenario



Power calculations provided justification for 
number of trials 

Power 

Target location power

Variant power

Environment power (in/out of band)

Signal-to-Noise Ratio
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We took a scientific approach to all operational 
testing

Carrier variantConventional Short takeoff/vertical landing

Mission Areas Air Threat Ground Threat

Air-Surface

Strike

Destruction/Suppression of Enemy 

Air Defenses

Defensive counter air

Offensive counter air

Close air support

Search and rescue



Impact so far

Congressional review of Close Air Support Testing



Still to come

Test Execution and Analysis

Execution Considerations

• Challenges with aircraft availability

• Confounding variables

Analysis Considerations

• Demand for quick answers

• Big Data, Little Information



Statistical Engineering Shortcomings

Initial focus was on tools

Processes are still highly dependent on individuals involved

Adherence to statistical rules

Leadership changes & final solution not fully deployed

Failing to see the big picture



National 
Research 
Council 
Study

Design of 
Experiments
endorsed as a 
sound 
methodology 
for OT&E

•OTA MOA 
on DOE

•DOT&E 
Initiatives

Guidance 
on DOE in 
TEMPs

•DOT&E 
Policy 
Issued

•OTA Test 
Design 
Processes 
Updated

DOT&E 
Science 
Advisor 
Established  
“Test Science 
Roadmap” 
effort

DOT&E/
TRMC 
funded 
Science of 
Test Research 
Consortium

DOT&E 
TEMP 
Guide 
Published

DASD 
(DT&E) 
STAT 
Implement
ation Plan

•STAT 
COE

DOT&E 
Roadmap 
Report 

Two 
Additional 
DOT&E 
Guidance 
memos on 
Application 
of DOE to 
OT&E

Survey 
Best 
Practices 
Memo

Cyber-
security 
Procedures

Additional 
Survey 
and cyber 
work

Modeling 
and 
simulation 
validation 
guidance

Cyber 
priorities

Updated 
TEMP 
Guidance

M&S 
Guidance

We continue to increase the statistical 
defensibility of DoD Test and Evaluation



Needed a larger focus for statistical 
engineering efforts



Thank you!



Innovation Adoption
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Dr. Eric Schmidt, 

Testimony to House Armed Services Committee

April 17, 2018



Laura’s conjecture
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Statistician’s are uniquely equipped to lead & implement 
change, especially in data-centric fields!


