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A Matter of Error, Uncertainty and Inference



What does a measured result tell us?
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“That 1s an ACCURATE AND RELIABLE test result...”



What does a measured result tell us?
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“...I can say that this individual’s BrAC exceeds a 0.08
BEYOND A REASONABLE DOUBT.”



EPISTEMOLOGY
The Question of How Do We Know What We Kn

Study of knowledge and justiﬁedbe I

- What is knowledge? e
- How is it created?

- What are its limitations?




CREATION OF SCIENTIFIC KNOWLEDGE

Information Inference ™ Knowledge
Empirical Transformation Rules || Info-Infer Network
Input/output Scientific Laws Conclusions
Prior Knowledge Heuristics Beliefs




NATURE OF SCIENTIFIC STATEMENTS

Citizen has a BrAC in excess of 0.08 g/210L

Intended/Subject Actual Subject
Result Reflection of Reality Result Conveys Information
Physical State Inference
Actual BrAC Believed BrAC

Can NOT KNOW actual BrAC

Can only BELIEVE based on information & inference




NATURE OF SCIENTIFIC KNOWLEDGE

Information  * Inference ™ Knowledge
Empirical Transformation Rules || Info-Infer Network
Input/output Scientific Laws Conclusions
Prior Knowledge Heuristics Beliefs

Manner in which information is generated
i

Rules of inference employed

Metric of robustness of beliefs/conclusions




EPISTEMOLOGICAL METRICS OF ROBUSTNESS

Error Analysis Uncertainty Analysis




MEANING OF PROBABILITY

10 White marbles & 10 Blue marbles

Frequentist

Relative Frequency
P(b). = 0% - 100%
P(b)_, = 50%

Probability refers to process, frequency of selection during repeated

sampling, not unique or determined event.



MEANING OF PROBABILITY

10 White marbles & 10 Blue marbles

Bayesian

Relative Degree of Belief
P(b). = 50%
P(b)_, = 50%

Probability refers to state of knowledge, relative strength of belief,

includes unique or determined event.



MEANING OF PROBABILITY

Frequentist Bayesiaﬁ

Relative Frequency Relative Degree of Beli




SCIENCE IS APPLIED EPISTEMOLOGY

Information Inference
Empirical Transformation Rules
Input/output Scientific Laws
Prior Knowledge Heuristics
Knowledge

Info-Infer Network
Conclusions

Justified Belief




EPISTEMOLOGICAL METRICS IN MEASUREMENT

Measurement Measurement

Error Uncertainty




MEASUREMENT ERROR

"True" Value
Y

Measured Value
v

meas true Ymeas



MEASUREMENT ERROR
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Mean Measured Value
Y '

Focus is measurand: physical reality



MEASUREMENT ERROR

Estimate as close as possible to the true value.

"True" Value | Bias Corrected Mean
(unknown)

Total Error

| = =
“sys “ran

Mean Measured Value

true meas meas



CONFIDENCE INTERVAL

Confidence Interval




MEASUREMENT ERROR & ANALYSIS
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meas Sys ran

Total Analytical Error
8 max bias LAY

Confidence Interval

Cl=y_ *+30

meas
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MEASUREMENT UNCERTAINTY

"True" Value

(unknowable) Bias Corrected Mean
Best Estimate

Voens = Prob. Dist.



DETERMINING UNCERTAINTY

Uncertainty Source
Calibration

Pre
B

Combined Uncertainty by Type
Combined Uncertainty Calibration | |

Calibration Measurement
Reference
Material Environmental Sampling
Factors
Precision Operator

Instrumental ]
Mechanical Effects

Electronic Stability

Detector
Combined Uncertainty by Type .084
Combined Uncertainty Instrumental

Measurand

Detector
Electronic
Stability Measurement

E

Instrumental

Propagation of Uncertainty:
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DETERMINING UNCERTAINTY

Monte Carlo :

Model based iterative simulation

process.



EXPRESSING UNCERTAINTY

"True" Value

(unknowable)

Y=Y + BRO9%)



CONFIDENCE INTERVAL # COVERAGE INTERVAL

"True" Value

(unknowable)

Best Estimate

Confidence Interval




MEASUREMENT UNCERTAINTY

Measurement — Information Based Inference

Mapping Measurement to State of Knowledge

8.

Coverage interval

Y, =Y, U(99%)

true



ERROR V. UNCERTAINTY

Measurement error is an unknowable quantity }

in the realm of the state of nature.

Measurement uncertainty is a gquantifiable parameter

in the realm of the state of knowledge about nature. |

N
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FORENSIC UNCERTAINTY

—— BREATH AHALYSIS —-
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IDENTICAL RESULTS

-~- BREATH ANALYSIS --- -=-— BREATH ANALYSIS ---

BLANK TEST . .000 BLANK TEST 2000
INTERNAL STANDARD VERIFIED INTERNAL STANDARD VERIFIED
SUBJECT SAMPLE .084 SUBJECT SAMPLE .084
BLANK TEST .000 BLANK TEST .000
EXTERNAL STANDARD .082 EXTERNAL STANDARD .079
BLANK TEST .000 BLANK TEST .000
SUBJECT SAMPLE .081 SUBJECT SAMPLE .081
BLANK TEST .000 BLANK TEST .000




IDENTICAL RESULTS, DIFFERENT MEANINGS

-~- BREATH ANALYSIS --- --- BREATH ANALYSIS ---

BLANK TEST " .000 BLANK TEST 1000
INTERNAL STANDARD VERIFIED INTERNAL STANDARD VERIFIED
SUBJECT SAMPLE .084 SUBJECT SAMPLE .084
BLANK TEST .000 BLANK TEST .000
EXTERNAL STANDARD .082 EXTERNAL STANDARD

BLANK TEST .000 BLANK TEST

SUBJECT SAMPLE .081 SUBJECT SAMPLE

BLANK TEST .000 BLANK TEST

BrAC Test 1 BrAC Test 2

BrAC Test 1 BrAC Test 2
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Test Values: 084, .081
Mean Meas. BrAC:  .0825
Cov. Int.: 0764 - .0913

Test Values: -084, .081
Mean Meas. BrAC:  .0825
Cov. Int.: .0749 - .0903

0.078 0.080 0.083 0.085 0.088 0.090 : 0.0750 0.0775 0.0800 0.0825 0.0850 0.0875 0.0900 0.0925

Test Values: .084, .081 Test Values: .084, .081
Mean Meas. BrAC: .0825 Mean Meas. BrAC: .0825

Cov. Int.: .0749 - .0903 Cov. Int.: .0764 - .0913
P < 0.08: ~19.2% P < 0.08: ~9.,2%




IMPORTANCE OF UNCERTAINTY

“Abs¢nt thel [Freporting of
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substantial‘possibility that even / --
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an expert. would not make a A T
meaningful analysis of a

particular breath / reading.” su..

Fausto, Ne, C076949 (King Co. Dist. Ct. WA - 09/20/2010).
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Test Values: .084, .081
C.lL: 0764 - .0913 (99%)




Ted Vosk

Attorney/ Consultant
(425) 753-6343 Q tvosk@comcast.net

Communicating Measurement Results in the Courtroom:

A Matter of Error, Uncertainty and Inference
International Symposium on Forensic Science Error Management -
Detection, Measurement and Mitigation.

National Institute of Standards and Technology (NIST)
Arlington, VA, July 20-24, 2015



