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“The ultimate mission of
the system upon which we

rely to protect the liberty
of the accused as well as

the welfare of society Is to
ascertain the factual truth.”

Commonwealth of Northern Mariana Islands v. Bowie, 243
F.3d 1109, 1114 (9" Cir. 2001)




The Goal of Forensic Science:
To Facilitate the Discovery of Truth

1. ENLISTING THE METHODS
OF SCIENCE IN THE
INVESTIGATION OF CRIMES.

. PROVIDING EVIDENCE FOR
USE IN COURT THAT HAS
BEEN TESTED BY
SCIENTIFIC METHODOLOGY.
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Metrology as Knowledge Base and Language:

Enhancing Science, Communication, Understanding and Law

(c) 2010 Ted Vosk

Epistemic Basis

Forensic science.

Communication and evaluation of
forensic science by legal professionals.

Jurisprudence  governing  forensic
science evidence.




Why Epistemology?

Forensic Science

“The law’s greatest dilemma In Its
heavy reliance on forensic
evidence...concerns the question
of whether—and to what extent—
there Is science In any given
‘forensic science’ discipline.” nas
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Forensic Science

“Adherence to scientific principles is important for concrete
reasons: they enable the reliable inference of knowledge from
uncertain Iinformation—exactly the challenge faced by
forensic scientists.” naszw
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Why Epistemology?

Legal Professionals

The “judicial system IS
encumbered  by...judges and
lawyers who generally lack the
scientific expertise necessary to
comprehend and evaluate forensic
evidence in an informed manner.”

(c) 2010 Ted Vosk




Legal Professionals

Judges and lawyers must become familiar with the basic tenants
and language of science. Professional competence requires the
ability to actively participate in the analysis, understanding and
communication of science in the courtroom. The floor cannot

simply be ceded to the claims of experts.

(c) 2010 Ted Vosk




Why Epistemology?

Jurisprudence

If judges have Insufficient
understanding of science,
gatekeeping decisions  cannot
satisfy ultimate goals of justice
system of being non-arbitrary and
facilitating discovery of factual
truth In subsequent cases.
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Jurisprudence

“In this age of science we must build legal foundations that are
SOUI’]d in SCience as We” as in IaW.” Justice Stephen Breyer in, Reference Manual on

Scientific Evidence 4 — 8 (2" ed. 2000).

LHW LAW ] _
Outcomes consistent with

; g scientific reality require

== 7
g g 7’% g F' - scientific  evidence that
conforms to the standards
| and criteria to  which
s - scientists themselves

/ adhere. siack, 239 science 1508, 1512 (1988).
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Scientific Knowledge

“Scientific method refers to the body of techniques for
Investigating phenomena, acquiring new knowledge, or

correcting and Integrating
previous knowledge. It 1s based
on gathering observable,
empirical and measurable
evidence subject to specific

principles of reasoning.” sir isac

Newton, Principia Mathematica.

(c) 2010 Ted Vosk
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Observable, Empirical and Measurable

Measurement: Process of experimentally
obtaining one or more gquantity values that

can reasonably be attributed to a quantity.
VIM 82.1.

Observation: Process of experimentally
obtaining qualitative information regarding
the presence, classification, identification
or ordering of a property of a phenomenon,
body, or substance.




Fundamental Principles of Reasoning
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Metrology

Fundamental Principles of Reasoning

“Science of measurement and its application.”

International vocabulary of metrology (VIM) JCGM 200 §2.2 (2008)

“I]f science
measurement, then
without metrology there

can be no science.” Lord
Kelvin, 1886.




Subjects of Metrology

Weights & Measures:
Reference standards

Traceability Air entrance

Validation: Silica gel
Methods IR Yacuum
Reliability / ’ i

= —I-/{::::]

e,
,
™y

Quality Assurance: Bacterial N o Ik
Calibration growth  Tube Hopcalite®ty; |

Standard Operating Procedures (SOPs)

Meas./Obs. interpretation: |
Reporting results N ooy 7 e Le Systeme
| international d'unités

Error & UnCertainty ) » ‘A ‘ - The International

L ' _ - M System
| ,; - p— ; of Units
Scientific Standards: .

General & specific
Accreditation
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The Measurement Process

“Measurement implies comparison of quantities.”
VIM§ 2.1

output signal of
quantity unknown measuring system,
embodied a quantity proportional

material value to (unknown)
quantity value

measurement
procedure .
to perform a quantity
comparison value
of output signals N
by means of measureplent
uncertainty

a comparator
for that quantity

output signal of
known measuring system,
quantity proportional
measurement value to (known)
standard quantity value

quantity
embodied in a




Reference Standards

Object, material, substance or process one or more of whose properties
are well enough established to be used for instrument calibration,
assessment of method, assignment of values and/or classification.

CONCENTRATION/
IDENTITY

LENGTH

. L]
— 4 ﬁ
Sy AN

L =
L




Reference Standards:
The Cubit

Cubit: Length from forearm from bent elbow to tip of middle
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Reference Standards:
The Cubit

Egyptians utilized the cubit as the standard measure of length
for construction.
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Traceability

Traceability: “Property of a measurement result whereby the result can
be related to a reference through a documented unbroken chain of

calibrations, each contributing to the measurement uncertainty.” vim §
2.41.

| Si-Unit {definition) | BIPM
|- Primary referencs measurament proceders i MM, ACL

]/

| Primary calibrator HMI, ACL

!‘"\-. Secondary reference | NMI, ACL

! measurement procedure

ACL, MCL

| Secondary calibrator
- N Iall.rllmm'nﬂhmui MEL

iRy Wy measurement procedure
m"hmm‘t ““F : B e Hl_

(masier) cafllbrabar
B o o W e o o e | ML
Py measurement procedure |
e Manofeciurer =+ End-uger

™ Entuser' routine S
i nrmnm| Marisfacturer and/or End-user —

|

Rouline sample |  End-user

. Hlﬂ'lllt | End-user

BIFM: Infernational insiltute of Waighls and Measures MCL: Manufaciurer's Calibration Laboratary
HMI: Natiomal Metrologlcal Institute ML: Mansfacturar's Laboraory
AGL:; Accredited Calibration Leboratory

Traceability

Manufacturar's
product callbkrator
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Traceability: The Cubit

iUt definiion) |

!

| Primary reference measurament progedure |

Primary callbrator L\

Secondary reference
mu:wmmnmhr&

Secondary calfbrator P"

!\i Manutacturer's selected

i.,« measurement procedure
Manufacturer's working | ML

|l1ulm}nlhtnr h\,ﬁ
Manufacturer's m*ﬂ ML
‘f MHIMHHIIIMHI‘I

Manofacturer =& End-nger ——

h"i End-uzer's outing e ]
et Sk Manufacturer and/or End-user

et

Rouline sampls | End-user

_ Hpi_nit | End-user

BIPM: international Institute of Weights and Measures  MCL: Manufacturer's Calibratlon Laboratary
KMI: National Metrofogical Institute ML: Manutacturer's Laboratory
ACL: Accredited Calibration Laboratory

product callbrator
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Traceability: The Cubit

Using cubit Egyptians were able to construct massive
pyramids accurate to within 4.5 inches!

(c) 2010 Ted Vosk
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Traceability & Comparability

Traceability to documented reference standards IS necessary
for the comparison of measurement results.

[

D
9

&
-3

&
S
)

calibrator m

:primary :primary
calit}rator calibrator
calibrator n \calibramr b
:secondary :secondary
calibrator calibrator

%
&5

calibrator o

:commercial CRM calibrator c
/ :commercial CRM

calibrator p
:in-house working
calibrator

:in-house working

®
>
Q@
>
calibrator d %
. ’%
calibrator %
P
G!

A '
A AN
i by

Measurement of (\ COMPARABLE ‘;

Measurement of 1‘0
unknown in laboratory 1

unknown in laboratory 2
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Validation

A central component of science is the validation of methods to determine
their ability to answer questions posed and their limitations.

Confirm alternative method

is developed sufficiently to
allow assessment of reliahility
and relevance

+ Evidence of relevance

+ Adequate protocols and 20Ps

+ Evidence of reliability
+ Adequate prediction model

[ ion: Accred Qual Assur (2007) 12: 3-11
Assay inception Q ) >
initial design and development DOT 10, 1007/500769-006-01 85-7
{empirical or mechanistic hasis)

GENERAL PAPER

Validation study

+ Design validation study , ; . " 3 5 2
+ Assamble refarence set of test substances Analytical Methods Committee E\"alllatll)n of a“alytlcal l“str“me“tatlon-

+ Assess quality of in vivo data
+ Conduct the validation study Part XXII

. Optimize assa 2 L
. i?wlaln?\?;edggia andor de_\fe!o; Instrumentation for liquid
new prediction chromatography/mass spectrometry

Assess reproducibility 3
of test results

injector
Assess reproducibility port
of predictions from flow
alternative method contraller

detactor )
Valugin - :
optimizing ‘
assay?

recorder

Assess relevance Abandon Is
of alternative method assay tarmative carrler gas column oven

+ Besttheoretical performance
+ Performance relative to &7 wive method
+ Mechanistic basis relevant?

+ Other factors
Use method
Sesk




Validation

“To confirm the validity of a method or process for a
particular purpose...validation studies must be
performed.” NAS 113
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Validation

The most important information from a validation
study Is:

(1) Can a method discriminate a hypothesis from its
alternative;

(2) Can a method measure a quantity of interest;

(3) Sources and magnitude of error/uncertainty;

(4) Consequences of error/uncertainty on the decisions
relying upon method.
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Validation
Method Reliability

Test Result Test Result
A - A

True Positive False Negative
Np Nen

False Positive True Negative
Nep Ny

NTP + NFP NFN T NTN
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Test Result
A

Validation

Method Reliability

Test Result
-A

SENSITIVITY: Percent confirming a true condition.

True Positive
Nrp

False Negative
Nen

False Positive

True Negative

Se = [Np /(N1p+ Ngy)]

Ny SPECIFICITY: Percent rejecting a false condition.
Npn+Ny N Sp = [NTN /(NFP + NTN)]

FALSE NEGATIVE (TYPE | ERROR) RATE: Percent rejection of true condition.
FNR = [Ney /(Nrp + Ney)]

FALSE POSITIVE (TYPE Il ERROR) RATE: Percent failure to reject false condition.
FPR = [Ngp /(Ngp + Npy)]

POSITIVE PREDICTIVE VALUE: Percent indicating condition true that are correct.
Pov = [Np /(Ngp + Nyp)]

NEGATIVE PREDICTIVE VALUE: Percent indicating condition false that are correct.
va = [Ny /(Ngy + Nyl

(c) 2010 Ted Vosk




Quality Assurance:
Calibration

Procedure by which it is ensured that a given instrument can
yield a traceable results with known level of uncertainty.

(c) 2010 Ted Vosk

"M Calibration data

Application to unknowns

Concentration  Instrument
of standards __ readings

0
25
5
75
10

0

5.23
10.31
15.04
19.55

Calibration curve and the best-fit line Readings of | Calculated |Estimated |Estimated %
the unknowns | concentration | error (a) | relative error
#T19) = 1 %66 #0245 5.0000 2.4300 0.12 1.88%
RE=09%0 10.0000 4.9855 0.14 2.85%
/ 20.0000 10.0965 0.21 2.10%
0 "
r'/
- y
£ 15 )i/
T J
s e
£ d
50 /9’
E |
=) /
£ e
i
P 4
i
0
2z 4 8 2 10 12
Concentration
210%
© ¢
E 0.0% ‘ ‘
§ -2.0% s ¢
000 20 4m 50O 800 1000 1200

Standard deviation of the residuals = 1.217%

value

Error (o)

Slope 1.9566

0.0352

Intercept 0.2456

0.2156




Calibration:
Range of Calibration

“Standards should never be used in an extrapolative mode. They should
always bracket the measurement range. No measurement should be
reported at a value lower or higher than the lowest or highest standard

used to calibrate the measurement process.” Nist, standard Reference Materials: Handbook
for SRM Users, NISTSP 260-100, 6 (1993).

CERTIFICATION RESULTS (g/210L)
0.04 0.08 0.10 0.15
Reference Value ___ 0.0399 _ 0.0799 0.1003 0.1510
QAP Batch # 09002 09003 09004 09005
Simulator# ___DR4542 “DR4472 DR4532 DR4473

Sim Thermometer # DR4542 “DR4472 DR4532 ___DR4473

0.041 0.079 Al 0.150
0.039 0.079 . 0.151 -
0.040 0.080 ___ 0. 0.152
~ 0.039 0.080 0.1 0.153
~ 0.039 0.079 . 0.153
0.040 0.079 ) 0.153
0.038 0.079  _~ 0.10 0.153
0.039 0.079 . 0.153
0.040 _ 0.079 ) 0.153
___ 0.040 0.079 . 0.154

OO ~NOOAWOUN-

—

Mean 0.0395 0.0792 AC _0.1525
SD 0.0008 0.0004 . 0.0012
Bias % -1.00 ~ -0.88 _ i 0.99
(c) 2010 Ted Vosk CV % 203 0.51 58 0.79




Result Interpretation
Quantitative & Qualitative
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Interpreting Results

date received: 4-2 -2008
date completed: 4-2 12008

BLOOD ETHANOL

BLOOD ANALYSES
rot performed

“It 1s scientific only to say what Is more
likely,and what 1s less likely.” ey




Reporting Results

“Forensic reports, and any
courtroom testimony
stemming from them,
must Include clear
characterizations of the
limitations of the analyses,
Including measures of
uncertainty Iin reported
results and associated
estimated probabilities -
where possible.” as s '




Quantitative Results & Uncertainty

UNCERTAINTY: For a given measurement result, there Is not
one value but an infinite number of values dispersed about the
result that are consistent with the observations and data and
one's knowledge of the physical world, and that with varying
degrees of credibility can be attributed to the measurand. cumss.

: T ACtaal valle
- (unknowablel | |

[]
[ ]

T . r- - 1 4 i 1

! ' - 5 .

Heastred ! :. - 119 (1)

Vallle [
LI T T s |
L3 Il
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Quantitative Results & Uncertainty

UNCERTAINTY: Characterization of the dispersion of values
assignable to a measurand based on the information available
and taking into account all sources of error associated with the

measurement or test process.

(c) 2010 Ted Vosk




Quantitative Results & Uncertainty

Coverage Interval & Expanded Uncertainty (U = k)

Define an interval about a measurement result expected to encompass a
large fraction of the distribution of values that can reasonably be
attributed to the measurand with a given level of confidence.

Expanded measurement uncertainty
of measurement X / FiGure 1

Coverage factors for
reporting expanded
measurement
uncertainty / msLe

>
B
=
[<5]
=
[
A
=
w)
b5
<5}

-2S -1S 0 +1S +2S +3S
<« 68.26% —
« 9546% ———»
99.73%
Expanded measurement uncertainty:
Uatk=1,2and 3

0000w QUaNtity value =Y + U (k = 1.96; 95%)




Quantitative Results & Uncertainty

“In general, the result of a EEa — i
measurement is only an . ooy + 1
approximation or estimate

of the value of the specific

quantity subject (0

measurement...and thus the

result Is complete only ot P

when accompanied by a el

quantitative statement of Its ks

uncertainty.” NIST 1297 § 2.1. A

aab narfarmand
fioL PTIofed
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Quantitative Results & Uncertainty

“In general, the result of a EEa — i
measurement Is only an g #2208
approximation or estimate

of the value of the specific

quantity subject to

measurement...and thus the

result is complete only [

when accompanied by a M

guantitative statement of IS ikl A Gl
uncertainty.” NIST 1297 § 2.1. i

aab narfarmand
fioL PTIofed
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Bayesian Methods

Baye’s Theorem

p(H | 1) o p(H) p(l | H)

where

p(H | I) = Posterior probability: Probability of H given result 1.

p(H) = Prior probability: Probability of (degree of belief in) H
prior to result I.

A\ p(I|H) = Probability of result I if H true.

Likelthood Ratio

LR = p(I | H) /p(1 | =H)




Interpreting DNA Results
Random Match Probability & False Positives

seattle(]) Loca

# Local Nation/World Business Sports AS8E

Thursday, July 22, 2004

Rare look inside state crime labs reveals
pefendant [’ o recurring DNA test problems

ﬂ 1000
| o o ttl Thursday, July 22, 2004
~Ji'-—~ e a | { Thursday, July

DNA testing mistakes at the State Patrol crime

Thursday, July 22, 200 |abs

Produce crime lab error rates, some urge
But defense attorneys would misuse data, scientists counter

Both random match and false positive probabilities

must be taken into account to properly interpret DNA
evidence.



Interpreting Results

EANING OF RESULT CANNOT

ERMINED WITHOUT ESTIMAT]
ERTAINTY OR RELIABILITY!
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Result Interpretation
The Measurand

Measurand: quantity intended to be measured

Mass = 120kg
Yieight=120x10

Mass = 120kg
Weight = 200N

(c) 2010 Ted Vosk




Scientific Standards

“Standards provide the foundation against which performance, reliability,
and validity can be assessed. Adherence to standards reduces bias,
Improves consistency, and enhances the validity and reliability of
results.” NAS 201.

|SONEC
17025

NIST Technical Note 1297
1994 Edition

Guidelines for Evaluating an
he Uncertainty of NIST Mea
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Metrology Standards

Metrological standards are
established by  consensus, § ﬂ%
based on the consolidated MRIVIL

. INTERNATIONAL
results of science, technology [
and experience, and approved

by a recognized body. 1so Guide 2

§3.2.

National |
Institute,,
Standards

and
(c) 2010 Ted Vosk TeCh nOlO‘g U




1ISO 17025

“This International Standard specifies the general requirements for the
competence to carry out tests and/or calibrations...[and] is applicable to
all organizations performing tests and/or calibrations.” 150 17025 §1.1-1.2.

e T —

INTERNATIONAL ISO/IEC |
STANDARD 17025

Second adition
2005-05-15

General requirements for the competence
of testing and calibration laboratories



Metrology

Fundamental Principles of Reasoning
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Metrology and the
Jurisprudence of Science

“[1]n order to qualify as ‘scientific knowledge,’ an inference or
assertion must be derived by the scientific method.” pauertv. merrel

Dow Pharmaceuticals, Inc., 509 U.S. 579, 590 (1993)
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Metrology & Legal Principles

A key gquestion Is whether a scientific method has been tested.

Scientific evidence “must be supported by appropriate
validation.” paubert

1. Door open

lclosed/

no lights

2. Uninterrupted
F 3.A/C 22°C

| 4. AIC 30°C

5. A/C 18°C
I 6. Night
7. Day

TECHNICAL NOTE

Mean 5'*Nair (%)

Olli Laakso,'* M.D.: Maiti Hmf,rm.l'u." M.Sc.: Teemu Pennanen.* M.Sc.; Tapio Kuitunen,” M.D., Ph.D.;
and Jaakko-Juhani Himhf'r'_z,r' M.D., Ph.D.

. . 3 5
Fourier-Transformed Infrared Breath Testing Variable Factor

After Ingestion of Technical Alcohol*

J Forensie Sci, January 2010, Vol. 55, No. |

,I\E(Hw IC'\L \().I\E doi: 10.1111/1.1556-4029.2009.0124 1.x

Available online at: interscience.wiley.com

CRIMINALISTICS

Sarah J. Benson,"* Ph.D.; Christopher J. Lennard," Ph.D.; David M. Hill," B.Sc.;
Philip Maynard,” Ph.D.; and Claude Roux,” Ph.D.

Forensic Analysis of Explosives Using Isotope
Ratio Mass Spectrometry (IRMS)—Part 1:
y=42x+79 Instrument Validation of the DELTAPHSXP
R = 0.59 IRMS for Bulk Nitrogen Isotope Ratio
Measurements

Breath acetone (pg/L)

100
Breath 2-propanol (pg/L)
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Metrology & Legal Principles

“[T]he court ordinarily should consider the known or potential rate of
error...” Daubert.

=x . U @ P%

Xmean 15 @ P% probable estimate of x°
with uncertainty u,

1 05 092 088 084 08 076 072 068 064 06

Positive Association Rate

N =85 Mean=0825 SD=0.082
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Metrology & Legal Principles

“IT]he court ordinarily should consider...the existence and
maintenance of standards” paubert.

g :
#| Le Systeme
international d'yn ités

Tk oy A
'ie Internationa
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Metrology & Legal Principles

“General acceptance... can be an important factor.” paubert. Frye.

National SR ul
Institute,,

INTERNATIONAL

Standards Worldwide

Standards

and
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Metrology

Fundamental Principles of Reasoning

So.simple even a judge can do!




Ted Vosk, JD
Attorney At Law/Consultant
(425) 753-6343
tvosk@comecast.net

American Academy of Forensic Sciences
February 22, 2010

Workshop Co-Chair:

Attorneys and Scientists in the Courtroom: Bridging the Gap

Faculty:
Metrology: A Knowledge Base for Communication and Understanding
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