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Test data from the Department of Defense present numerous opportunities for
statistical research on applied problems. Operational testing and evaluation is an
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has worked with the Director, Operational Test and Evaluation to make modern
statistics the norm. This talk discusses some recent challenges in operational
testing relevant to modern statistical approaches and the work that IDA has
undertaken to address them.
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Executive Summary

A. Summary

Statistical data analysis techniques are a crucial part of
operational test and evaluation. Operational testing is a critical
part of the Department of Defense’s acquisition program.
Operational testing provides a realistic representation of
scenarios in which systems will be used. Objective analysis of
data generated from these tests is crucial for providing the
warfighter with accurate information on the capabilities and
limitations of these systems prior to their use in combat.
Statistical approaches can ensure that the proper amount of
data is collected and that the results from analysis are accurate
and complete.

B. Experimental Design

Design of experiments (DOE) helps address many key
questions when it comes to planning operational tests.
Questions of how much data are required and what specific
scenarios should be tested are critical when test resources are
limited.

The Joint Strike Fighter (JSF) provides excellent
examples of the benefits of DOE. The Mission Data File Scan
Schedule defines the approach by which the JSF scans the
battlefield for different types of emitters, some of which may
represent threat radars. Optimizing this scan schedule requires
maximizing the timeliness and accuracy of emitter detections
while minimizing the incidence of non-detections. This is a
many-dimensional problem that DOE is well-suited to address.
Robust parameter design and optimal designs allow for an
efficient test that maximizes coverage of the range of potential
scan schedule settings while accurately estimating
performance.

The JSF Initial Operational Test & Evaluation Combat
Air Support test plan is an example of how optimal designs can
be used to cover a complex design space efficiently. By using a
modified D-optimal design, a seven-factor design was created
that ensured estimability for all critical two-way interaction
effects using only a fraction of the runs that would have been
required by a full factorial design.



Improvements in test design have also shown benefits for
penetration testing on helmets. Traditional approaches are
optimized exclusively around estimating the velocity at which
a projectile has a 50 percent chance of penetration. Alternatives
allow for efficient estimation of the full curve, which is more
useful to decision makers.

C. Data Analysis

Statistical techniques also play a crucial role in data
analysis. The Q-53 counterfire radar is a complex system; thus
the probability of detecting incoming projectiles, and the
accuracy with which the points of origin of these projectiles
can be estimated, depend on a variety of factors. Regression
allows us to identify differences in performance across this
factor space and quantify the impact each factor has on
operations.

The Littoral Combat Ship (LCS) has four core mission
systems upon which it relies during deployment. These systems
work in series, and it is important to account for all of them
when assessing overall ship reliability. Since each system
functions differently (the Gun System is an on-demand system,
while the communications system must be operating
continuously, for example), estimating overall reliability can be
challenging. Using Bayesian methods, this process is greatly
simplified.

D. Conclusion

Statistical approaches improve operational test planning
and analysis. These techniques are used across many
disciplines, and allow analysts to provide the warfighter with
the most complete, most accurate information possible.
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Operational testing provides assessments of systemsin
realistic combat conditions

Testing should be realistic and objective and put
representative warfighters in operational scenarios

Provide objective information on capabilities and
limitations before a system is used in combat

Ensure testing isadequate to support reporting
objectives




Statistical techniques should play an important rolein
operational test planning and analysis

Test Planning: Design of Experiments (DOE)
» Adequate coverage ofthe operationalenvelope
» How much testing is enough
» Analytical basis for assessing test adequacy

Data Analysis: Statistical Analysis Methods
— Maximize information gained from test data
—Incorporate all relevant information in analyses

— Ensure conclusions are objective and robust
» Regression Analysis
» Hypothesis Testing
» Confidence Intervals
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Efficiently cover the design space to optimizethe F-35
Joint Strike Fighter Mission Data File Scan Schedule
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Planning the Initial Operational Test & Evaluation
(IOT&E) Planning for the F-35 Joint Strike Fighter
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Design testswith the goal of estimating the full
probability of penetration curve
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Performance of the Q-53 Counterfire Radar depends
on many factors

Threat Weapon

Quadrant Elevation (QE)

Angle between ground and weapon'’s tube
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Datafrom operational testingisrarely distributed
optimally for inference
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Modern analytical techniques allow usto characterize
system performance across acomplex battle space

Probability of Detection
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The Littoral Combat Ship reliesan numerous systems
workingin series

Threshold Reliability
Probability =0.80

Core Mission | (30-day mission no
Systems failures)
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Statistical methods allow usto generate point
estimates and quantify uncertainty
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Better Science, Better Testing, Better
Information

Make Operational Testing More Scientific
— Best practices used across many disciplines
— Conclusions more defensible
— More certain of results
—Test as much as necessary but not more

Provide the best information possible
—Informing the Warfighter
— DOT&E Annual Report
—Beyond Low Rate Initial Production Report
— Congressional Testimony
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