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1.
E

xecutive
S

um
m

ary

1.1.
T

his
is

a
rebuttalto

the
expertreporto

fO
r.L

evy:
E

xpertR
eport0

1
D

anielS.
L

evy,

P
h.D

.,
dated

N
ovem

ber
16,2009,

including
his

corrected
reports

dated
F

ebruary
5,2010

and
F

ebruary
12,2010.

D
r.

L
evy

attem
pted

to
accom

plish
three

things.
F

irst,he

attem
pted

to
design

a
"statistically

valid
sam

ple"
ofT

N
's

P
eopleS

oftH
R

M
S

payrolltax

and
regulatory

U
pdates

or
F

ixes.
S

econd,he
attem

pted
to

selectsam
ples

offixes
-

one

sam
ple

o
fC

ritical
S

upportF
ixes

and
one

sam
ple

o
fR

etrofitF
ixes

-
according

to
his

design
specifications.

T
hird,

he
attem

pted
to

correctly
form

ulate
statistics

to
calculate

and
report,

and
he

attem
pted

to
calculate

them
correctly.

D
r.

L
evy

concludes
his

report

w
ith

the
statem

ents
that

"In
this

report,
I

have
applied

standard
statisticaltheory

to
the

question
at

hand.
I

have
discussed

the
reasons

that
sam

pling
is

appropriate
in

this

particular
setting.I

have
presented

m
y

results
aboye.

T
hese

results
are

based
on

standard
statistical

form
ulas

that
are

used
in

sam
pling

situations."
(p.

36)

1.2.
A

s
discussed

below
in

detail,
his

application
o

fstandard
statisticaltheory

w
as

questionable
in

sorne
cases

and
sim

ply
w

rong
in

others.
D

r.
L

evy
chose

an
inefficient

sam
ple

design
and

inefficientestim
ators.

H
e

chose
sam

ple
sizes

that
led

to
large

levels
o

f

sam
pling

variability
by

his
ow

n
form

ulas.
H

e
m

ade
serious

m
istakes

in
selection

o
f

sam
ples,

he
did

notadequately
docum

enthow
he

selected
his

m
ost

im
portantsam

ples,

and
he

m
ade

serious
m

istakes
in

choosing
w

hich
"standard

statistical
form

ulas"
to

use.

W
hen

D
r.

L
evy

presented
his

estim
ates

o
faverages,totals,and

ratios
based

on
his

sam
ple,he

presented
estim

ates
thatdid

nottake
into

accountthe
level o

fsam
pling

error.

1.3.
H

aving
m

ade
the

decision
to

sam
ple,and

thus
to

introduce
sam

pling
error,D

r.
L

evy

reports
estim

ates
o

fpopulation
averages,

totals,and
ratios

w
ithoutadjusting

for
sam

pling

error.
F

or
exam

ple,he
reports

"90%
confidence

intervals"
thattypically

are
o

fth
e

form

"estim
ate

plus
or

m
inus

m
argin

o
ferror".

H
is

estim
ates

typically
are

the
m

iddle
o

fhis

S
ubjectto

P
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O
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C
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confidence
interva1.

Ifthe
m

argin
o

ferror
w

ere
to

be
tw

ice
as

large,
then

based
on

how

he
presented

his
findings

in
his

report,
itappears

thatD
r.

L
evy's

estim
ate

w
ould

be

unchanged
-

i.e.,
itw

ould
still

be
the

center
o

fth
e

confidence
interva1.

F
urtherm

ore,
he

does
notacknow

ledge
the

potential
for

m
easurem

enterror
in

the
underlying

data
on

w
hich

his
estim

ates
are

based.

1.4.
D

r.
L

evy
did

notadequately
justify

the
appropriateness

for
sam

pling.
N

oteven
a

rudim
entary

cost-benefitanalysis
w

as
reported.

B
ased

on
P

laintiffs'alleged
dam

ages,

the
financial

stakes
in

this
case

are
quite

high,
in

the
billions

o
fdollars.

In
thatcontext

and
depending

on
how

P
laintiffs

intend
to

use
D

r.
L

evy's
estim

ates,a
m

odest
sam

pling

error
can

translate
to

a
very

large
financial

consequence.
Y

et,
D

r.L
evy

considered
only

the
person-hours

associated
w

ith
the

data
collection

in
analyzing

w
hy

a
sam

ple
should

be

done,
and

his
criteria

underlying
his

choice
o

fsam
ple

sizes
w

ere
also

form
ulated

w
ithout

regard
to

the
financial

stakes
associated

w
ith

P
laintiffs'use

o
fh

is
estim

ates
from

the

sam
ple.

D
r.L

evy
soughtsam

ple
sizes

such
thatw

hen
the

90%
confidence

interval
w

as

o
fthe

form
"estim

ate
plus

or
m

inus
m

argin
o

ferror",
his

m
argin

o
ferror

w
ould

not

exceed
25%

o
fth

e
estim

ate.
T

hatis
a

large
m

argin
o

ferror
w

hen
the

financial
stakes

are

high,
and

by
his

ow
n

accounting
thatm

argin
o

ferror
w

as
exceeded

a
num

ber
o

ftim
es

by

large
am

ounts.

1.5.
D

r.L
evy

chose
to

use
sim

ple
random

sam
pling

w
ith

replacem
ent,w

hich
allow

s
for

duplication
o

fobservations,
instead

o
fth

e
m

ore
com

m
on

sim
ple

random
sam

pling

w
ithoutreplacem

ent.
H

aving
chosen

to
use

sim
ple

random
sam

pling
w

ith
replacem

ent,

D
r.

L
evy

chose
to

estim
ate

the
population

average
by

the
sam

ple
average,

counting

duplicates
in

the
sam

ple
m

ultiple
tim

es.
T

his
is

notgood
statistical

practice,and
his

estim
ators

o
faverages

and
totals

are
described

in
the

statisticalliterature
as

inadm
issible.

1.6.
D

r.
L

evy
did

notkeep
a

record
o

fthe
process

or
processes

by
w

hich
he

selected
the

R
etrofit

and
C

ritical
S

upportsam
ples,only

the
outcom

es
o

fth
e

selection
process.

T
his

lack
o

fdocum
entation

m
akes

itdifficultto
confirm

thatthe
sam

ples
w

ere
random

ly

selected
as

D
r.

L
evy

claim
s.

S
tatistical

analysis
show

s
thathis

C
ritical

S
upportsam

ple
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ubjectto
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w
as

far
from

w
hatw

ould
tend

to
arise

from
sam

pling
from

the
C

ritical
S

upport

population
ifthe

sam
ple

w
as

in
fact

selected
w

ith
sim

ple
random

sam
pling

as
he

claim
s

it

w
as.

1.7.
D

r.L
evy

m
ade

a
host o

ferrors
related

to
standard

errors
and

confidence
intervals.

H
e

used
the

w
rong

form
ula

for
estim

ating
standard

errors
for

his
estim

ator,he
offered

the

w
rong

interpretation
o

fconfidence
intervals,he

failed
to

check
the

validity
o

fhis
use

o
f

the
norm

al
approxim

ation
to

develop
his

confidence
intervals,and

he
used

the
w

rong

m
athem

atical
distribution

to
form

his
confidence

intervals.
A

lthough
he

claim
s

thathis

confidence
intervals

have
90%

coverage
rates,

or
non-coverage

rates
o

f
10%

,analysis

show
s

thatfor
sorne

m
easures

the
non-coverage

rates
are

m
any

tim
es

greater
than

claim
ed.

1.8.
In

an
attem

ptto
im

prove
sorne

o
fh

is
confidence

intervals,w
hich

w
ere

on
their

face

problem
atic,

D
r.L

evy
used

a
m

ethod
caB

ed
bootstrapping.

B
ootstrapping

involves

taking
the

original
sam

ple
and

selecting
constantsize

subsam
ples

from
it

10,000
tim

es

independently
and

analyzing
the

results.
D

r.
L

evy's
m

ethod
for

selecting
bootstrap

sam
ples

appears
to

be
seriously

flaw
ed

in
at

leastthree
w

ays.
O

ne
m

em
ber

o
fh

is

original
sam

ple
had

no
chance

o
fappearing

in
the

10,000
sam

ples.
T

he
subsam

ples
w

ere

not
constantsize.

T
he

subsam
ples

w
ere

not
selected

independently.

1.9.
D

r.L
evy

attem
pted

to
use

a
m

ethod
know

n
as

the
bootstrap

to
im

prove
his

confidence
intervals.

A
s

D
r.

L
evy

intended
to

use
it,

the
m

ethod
involves

taking
the

original
sam

ple
as

ifitw
ere

the
population,

sam
pling

repeatedly
and

independently
from

itaccording
to

the
original

sam
ple

design
to

generate
a

large
num

ber
o

festim
ates,

and

then
constructing

an
interval

from
the

observed
distribution

o
fth

e
estim

ates.
U

nlike
his

original
sam

ple
selection,D

r.L
evy

did
provide

docum
entation

o
fth

e
process

by
w

hich

he
selected

the
bootstrap

sam
ples.

A
num

ber
o

ferrors
are

apparent,
including

failure
to

m
ake

his
sam

ples
independent o

feach
other,failure

to
generate

constantsize
sam

ples,

and
failure

to
see

thatthe
sam

ples
w

ere
selected

according
to

his
original

sam
ple

designo
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1.10.
In

lighto
fth

e
foregoing,

D
r.

L
evy

has
failed

to
provide

adequate
supportto

establish
the

reliability
o

fhis
estim

ates.

2.
Introduction

-
B

ackground
and

Q
ualifications

2.1.
I

have
a

P
h.D

.
in

S
tatistics

from
V

ale
U

niversity.
I

am
a

P
rofessor

and
am

currently

the
C

hair
ofN

orthw
estern

U
niversity's

D
epartm

ent o
fS

tatistics,o
fw

h
ich

I
have

been
a

m
em

ber
since

I
helped

start
it

in
1987.

I
have

chaired
the

D
epartm

entfor
a

total
o

f
17

years.
In

addition
to

teaching
num

erous
graduate

classes
related

to
statistical

sam
pling,I

have
been

engaged
in

academ
ic

research
and

w
ritten

articles
relating

to
sam

pling

theories,techniques,
and

m
ethods.

I
have

served
on

num
erous

advisory
com

m
ittees

and

consultancies
to

F
ederalgovernm

entagencies
on

m
atters

related
to

statistical
sam

pling,

such
as

the
D

epartm
ent o

fJustice,
D

epartm
ento

fE
ducation,

C
ensus

B
ureau,D

epartm
ent

ofE
nergy,

and
the

G
overnm

entA
ccountability

O
ffice

(G
A

O
),

and
also

to
high

level
non­

governm
ent

groups
such

as
the

N
ational

A
cadem

y
o

f
S

ciences,N
ational

A
cadem

y
o

f

E
ducation,and

N
ational

Institute
o

fS
tatistical

S
ciences.

I
also

conducted
extensive

research
into

the
cost-benefitanalysis

o
fstatistical

data
collections

(including
sam

ples),

as
evidenced

by
m

y
1980

book,
B

enefit-C
ostA

nalysis
01D

ata
U

sed
to

A
llocate

F
unds,

and
seven

papers
and

book
chapters

on
the

topic.!
L

astfall,
I

w
as

invited
by

the
C

ensus

B
ureau

to
participate

in
a

m
eeting

o
fexperts

to
help

the
C

ensus
B

ureau
develop

plans
for

the
2020

census,and
during

thatm
eeting

the
D

irector
o

fth
e

C
ensus

B
ureau

asked
m

e
to

talk
about

cost-benefitanalysis.

2.2.
I

have
also

been
involved

in
severallarge

scale
public

studies
utilizing

various

m
ethods

and
techniques

o
fstatistical

sam
pling

including
the

N
ational

E
ducational

L
ongitudinal

S
tudy

o
fth

e
H

igh
S

chool
C

lass
o

f
1988

(N
E

L
S

:88),
the

N
ational

A
ssessm

ent
ofE

ducational
P

rogress,and
the

N
ational

Im
m

unization
S

urvey.
I

have

carried
outprívate

sector
w

ork
on

sam
ples

for
com

panies
including

A
m

gen
and

!
T

he
book

is
item

B
3

in
m

y
C

V
and

the
articles

and
chapters

are
item

s
A

8,
A

11,
A

15,
A

20,
A

24,A
34,

and
A

51
in

m
y

C
V

.
T

he
C

V
appears

in
A

ppendix
2.
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B
lueC

ross
B

lueS
hield

A
ssociation.

A
s

partofthese
projects,1

w
as

intim
ately

involved

in
developing,

draw
ing,testing,

and
analyzing

sam
ples

to
ensure

valid
results.

2.3.
B

ased
on

these
experiences,1

have
an

extensive
understanding

o
fstatistical

sam
pling

theories,
m

ethodologies,and
techniques

as
w

ell
as

practical
experience

w
ith

designing,
draw

ing,testing,and
analyzing

sam
ples.

1
also

have
extensive

understanding

o
fcost-benefitanalysis

as
applied

to
sam

ple
designs.

M
y

C
V

is
provided

in
A

ppendix
2.

2.4.
M

y
billing

rate
for

this
m

atter
is

$650
per

hour.
M

y
com

pensation
is

notcontingent

on
m

y
opinions

or
the

outcom
e

o
fthe

proceedings.

3.
A

ssignm
ent

3.1.
1

w
as

asked
to

review
and

evaluate
the

E
xpertR

eporto
fD

anielS.
Levy,

P
h.D

.,
dated

N
ovem

ber
16,2009

("L
evy"),

including
his

corrected
reports

dated
F

ebruary
5,2010

("L
evy-R

l)
and

F
ebruary

12,2010
("L

evy-R
2")

and
the

A
A

C
G

E
xpertR

eportE
rrata

D
ated

F
ebruary

5,2010
("L

evy-E
rrata-1")

and
F

ebruary
12,2010

("L
evy-E

rrata-2").
1

w
as

asked
to

review
and

analyze
m

aterials
from

A
nalysis

o
fS

A
P

T
N

's
C

ollection
a

n
d

U
se

o
fG

ra
d

e
Softw

are
and

R
elated

M
aterials,

dated
N

ovem
ber

16,2009,produced
by

M
andiant

C
orporation,

including
corrections

and
revisions

produced
on

January
22,2010

and
F

ebruary
12,2010

("M
andiant"),to

the
extentthatitrelates

to
D

r.L
evy's

w
ork.

D
r.

L
evy's

w
ork

is
com

pletely
dependenton

inform
ation

he
obtained

from
M

andiant.
T

hus,

errors
in

relevantparts
ofM

andiant's
data

w
ill

cause
inaccuracies

in
L

evy's
statistics.

1

w
as

provided
w

ith
certain

underiying
supporting

m
aterials

as
w

ell,
as

described
in

A
ppendix

1.
1

w
as

also
asked

to
review

and
analyze

m
aterials

from
F

T
W

orks,
P

aul

M
eyer,

P
aul

C
.P

into,and
O

ouglas
G

ary
L

ichtm
an

for
contextand

to
the

extentthatthey

relate
to

O
r.L

evy's
w

ork.
T

hese
also

are
Iisted

in
A

ppendix
1.

3.2.
T

his
reportand

all
o

fth
e

facts
and

opinions
contained

herein
are

based
on

inform
ation

gleaned
from

the
w

ritten
docum

ents
provided

to
m

e.
1

reserve
the

rightto

m
odify

this
reportand

any
o

fm
y

findings
and

opinions
based

on
additional

inform
ation
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thatbecom
es

available
to

D
efendants,e.g.,

from
depositions,

and
1

reserve
the

rightto

respond
to

any
additional

or
am

ended
reports

and/or
supporting

m
aterial

in
this

m
atter

that
becom

e
available.

3.3.
D

ue
to

preplanned
travel

out o
fth

e
country

betw
een

M
arch

3
and

M
arch

2
6

,2
0

1
0

thatw
as

scheduled
based

on
the

original
expertrebuttal

deadlines
in

the
case,1

am

unavailable
to

substantively
review

any
additional

supplem
ents

or
additions

or
revisions

to
O

racle's
expertreports

until
after

M
arch

26,
2010.

4.
M

aterials
R

eview
ed

4.1.
1

read
the

L
evy

reportand
the

M
andiantreport,

including
the

appendixes
to

those

reports.
1

also
review

ed
the

m
aterials

from
F

T
W

orks,
P

aul
M

eyer,
P

aul
C

.
P

into,and

D
ouglas

G
ary

L
ichtm

an
for

context
and

to
the

extentthatthey
relate

to
D

r.
L

evy's
w

ork

as
listed

in
A

ppendix
1.

F
or

the
M

andiantreport
and

related
m

aterials,
1

relied
only

on

the
latestversions

o
fth

e
files

that
w

ere
provided

to
m

e
as

o
fM

arch
2

,2
0

1
0

.
T

he
listo

f

m
aterials

is
subjectto

aH
claw

ed-back
and

replaced
files

as
o

fM
arch

2
,2

0
1

0
.

4.2.
A

list
o

fm
aterials

1
received

for
review

is
provided

in
A

ppendix
1.

5.
A

pparentP
urpose

o
fL

ev
y

's
W

ork

5.1.
D

r.
L

evy
attem

pted
to

accom
plish

three
things.

F
irst,

he
attem

pted
to

design
a

"statistically
valid

sam
ple,,2

o
fT

N
's

P
eopleS

oftH
R

M
S

payroll
tax

and
regulatory

U
pdates

from
lists

o
fU

pdates
provided

to
him

by
M

r.
M

andia.
T

here
is

sorne
am

biguity

aboutw
hether

D
r.

L
evy

attem
pted

to
sam

ple
U

pdates
or

F
ixes.

In
the

sam
e

paragraph
in

his
report

he
states

that
he

w
as

"retained
by

counsel
for

the
P

laintiffs
...

to
design

a

2
L

evy
states

thathe
w

as
"retained

by
counsel

for
the

P
laintiffs

...
to

design
a

statistically
valid

sam
ple

o
f

[
]

T
N

's
P

eopleS
oftH

R
M

S
payrolltax

and
regulatory

U
pdates

thatcan
be

used
to

scientifically
estim

ate
the

num
ber

o
fF

ix
es

delivered
to

custom
ers

by
[

]
T

N
that

infringe
O

racle
copyrights

o
r

otherw
ise

resulted
from

im
perm

issible
cross-use

ofO
racle's

softw
are."

(L
evy,7)
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statistically
valid

sam
ple

o
f

[
]

T
N

's
P

eopleS
oftH

R
M

S
payroll

tax
and

regulatory

U
pdates"

(em
phasis

added)
and

"M
y

role
in

this
engagem

ent
is

to
generate

a
random

sam
ple

o
fF

ixes
to

be
review

ed
and

to
calculate

population
and

sam
ple

statistics
for

a

num
ber

o
fm

easu
res..."

(em
phasis

added).3
L

evy
m

akes
the

follow
ing

distinction:

"F
rom

m
y

conversations
w

ith
M

r.
M

andia,
1

understand
thatan

U
pdate

is
a

group
o

f

F
ixes

delivered
together

in
a

single
deliverable,

either
by

O
racle

or
S

A
P

T
N

.,,4

5.2.
S

econd,
he

attem
pted

to
select

sam
ples

o
ffixes

-
one

sam
ple

o
fC

ritical
S

upport

F
ixes

and
one

sam
ple

o
fR

etrofitF
ixes

-
according

to
his

design
specifications.

A
s

dem
onstrated

below
,

there
are

significant
issues

associated
w

ith
how

he
selected

his

sam
ples.

5.3.
T

hird,
he

attem
pted

to
correctly

form
ulate

statistics
to

calculate
and

reportand
he

attem
pted

to
calculate

them
correctly.

A
s

dem
onstrated

below
,

there
are

errors
in

his

statistical
analyses.

5.4.
D

r.
L

evy
concludes

his
reportw

ith
the

statem
ents

that

"In
this

report,1
have

applied
standard

statistical
theory

to
the

question
at

hand.
1

have
discussed

the
reasons

that
sam

pling
is

appropriate
in

this

particular
setting.1

have
presented

m
y

results
aboye.

T
hese

results
are

based
on

standard
statistical

form
ulas

that
are

used
in

sam
pling

situations.,,5

A
s

discussed
below

,
his

application
o

f
standard

statisticaltheory
w

as
questionable

in

sorne
cases

and
sim

ply
w

rong
in

others.
H

e
m

ade
serious

m
istakes

in
selection

o
f

sam
ples,

he
did

notadequately
docum

ent
how

he
selected

his
m

ost
im

portant
sam

ples,

3
L

ev
y

,7
.

4
L

evy,
8,

note
27.

5
L

evy,
36.
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and
he

m
ade

serious
m

istakes
in

choosing
w

hich
"standard

statistical
form

ulas"
to

use.

S
pecifically,D

r.
L

evy:

1.
chose

a
sam

ple
design

thatw
as

sim
ple

random
sam

pling
w

ith
replacem

ent
instead

o
fsim

ple
random

sam
pling

w
ithoutreplacem

entor
stratified

sim
ple

random

sam
pling,w

hich
w

ould
have

yielded
m

ore
accuracy

for
the

sam
e

sam
ple

size
(see

paragraphs
6.2,7.3);

2.
failed

to
adequately

docum
entthe

process
by

w
hich

he
selected

his
sam

ples

(paragraph
6.9);

3.
selected

a
C

ritical
S

upportsam
ple

that
is

extrem
e

com
pared

to
m

ore
than

the

greatm
ajority

ofpossible
sim

ple
random

sam
ples

thatcould
have

been
selected

(paragraphs
6.12-6.14);

4.
used

the
w

rong
estim

ator
for

his
sam

ple
-

his
estim

ates
o

fpopulation
averages

and
totals

are
inadm

issible
(paragraphs

6.17-6.22);

5.
used

the
w

rong
form

ula
for

estim
ating

standard
errors

for
his

estim
ator

(paragraph

6.24);

6.
offered

the
w

rong
interpretation

o
fconfidence

intervals
(paragraph

6.25);

7.
failed

to
check

w
hether

the
assum

ptions
underlying

his
use

o
fthe

norm
al

approxim
ation

w
ere

valid
(paragraphs

6.32-6.33);

8.
used

a
m

athem
atical

distribution
to

form
his

confidence
intervals

thatw
ould

be

w
rong

even
ifthe

assum
ptions

underlying
his

use
o

fthe
norm

al
approxim

ation

w
ere

valid
(paragraphs

6.27-6.32);
and

9.
generated

his
sam

ples
incorrectly

w
hen

he
com

puted
confidence

intervals
by

"sam
pl[ing]

repeatedly
from

the
data

to
estim

ate
the

upper
and

low
er

bounds,,6

(paragraphs
6.37-6.44).

In
addition

to
presenting

his
"results",D

r.
L

evy
presents

his
opinions.

T
he

latter
are

discussed
in

section
8,below

.

6
L

evy,
40.
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6.
T

asks
thatD

r.L
evy

A
pparently

P
erforrned

6.1.
A

s
far

as
I

can
reconstructfrom

D
r.L

evy's
report,

he
received

a
listo

fC
ritical

S
upportF

ixes
and

R
etrofitF

ixes
from

M
r.

M
andia.

T
he

listw
as

separated
into

tw
o

lists,

one
for

C
ritical

S
upportF

ixes
and

the
other

R
etrofitF

ixes.
T

he
lists

are
in

the

spreadsheet"F
ix_ID

s_F
or_A

A
_w

ith
S

am
pling

O
rder.xlsx",tabs

"C
ritical"

and
"R

etrofit"

respectively,
and

the
spreadsheetis

contained
in

the
folder

O
R

C
L

X
-A

A
C

G
-O

O
O

O
O

S.

T
here

are
1386

C
ritical

S
upportF

ixes
in

the
listand

223
R

etrofitF
ixes.

6.2.
D

r.L
evy

chose
to

selectsam
ples

using
a

m
ethod

know
n

as
sim

ple
random

sam
pling. 7

M
oreover,

D
r.L

evy
selected

the
sam

ple
using

"w
ith

replacem
ent"

sam
pling

rather
than

"w
ithoutreplacem

ent"
sam

pling.
In

sam
pling

"w
ith

replacem
ent",the

sam
e

item
can

be
selected

m
ultiple

tim
es

for
the

sam
ple.

A
sam

ple
selected

w
ithout

replacem
ent

is
better.

O
ne

gets
m

ore
inforrnation

from
a

sam
ple

that
is

selected
"w

ithout

replacem
ent"

because
every

item
in

the
sam

ple
is

distinctand
there

is
no

duplication.
F

or

exam
ple,

ifa
sam

ple
o

fsize
223

from
the

R
etrofitpopulation

had
been

selected
w

ithout

replacem
ent,there

w
ould

be
zero

sam
pling

error
because

every
item

in
the

population

w
ould

be
in

the
sam

ple.
T

hatw
ould

typically
notbe

the
case

ifthe
sam

ple
w

ere
selected

w
ith

replacem
ent,

because
sorne

item
s

w
ould

likely
be

om
itted

entirely
w

hile
others

w
ould

appear
m

ultiple
tim

es.
T

he
form

ulas
for

the
precision

o
festim

ates
fram

sim
ple

random
sam

ples
show

higher
levels

o
fprecision

w
hen

the
sam

ple
is

selected
w

ithout

replacem
entthan

w
hen

it
is

selected
w

ith
replacem

ent. 8

6.3.
T

he
only

justification
D

r.L
evy

offers
for

use
o

fsam
pling

is
that

7
D

r.
L

evy's
reportonly

refers
to

the
design

as
random

sam
pling,

butsorne
o

fth
e

form
ulas

he
uses

(som
etim

es
incorrectly)

are
only

applicable
to

sim
ple

random
sam

pling.
F

urtherrnore,the
m

ethod
he

used
to

selectthe
sam

ple
-

ifcarried
outcorrectly

-
w

ould
yield

a
sim

ple
random

sam
ple

selected
w

ith
replacem

ent.
S

im
ple

random
sam

pling
is

a
particular

form
ofrandom

sam
pling.

8
W

illiam
G

.
C

ochran
(1977)

Sam
pling

T
echniques.

3
rd

E
dition.

N
ew

Y
ork:

W
iley

("C
ochran"),p.

30;
C

arl-E
rik

S
arndal,B

engtS
w

ensson,
and

Jan
W

retm
an

(1992)
M

odel
A

ssisted
Survey

Sam
pling,

N
ew

Y
ork:

S
pringer

("S
arndal

etal."),p.
73.
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"In
conversations

w
ith

m
e,

M
r.

M
andia

thought
that

it
w

ould
require

thousands
o

f
hours

o
f

tim
e

by
highly

trained
com

puter
forensic

staff
to

capture
data

for
sorne

groups
o

f
m

easures
across

the
entire

population
o

f

Fixes.,,9

B
ased

on
P

laintiffs'alleged
dam

ages,the
financial

stakes
in

this
case

are
quite

high,
in

the
billions

o
fdollars

according
to

P
laintiffs'expertP

aul
K

.
M

eyer. IO
B

y
carrying

outa

sam
ple

rather
than

a
census

ofpopulations
ofU

pdates/F
ixes,P

laintiffs
are

accepting

sorne
sam

pling
error.

A
s

discussed
in

paragraph
6.49

below
,D

r.
L

evy's
ow

n
estim

ates

show
quite

large
levels

o
fsam

pling
error,

som
etim

es
w

ell
exceeding

50%
o

fthe

estim
ated

total
in

the
population.

T
he

consequences
o

fsam
pling

error
could

be
large,

depending
on

the
factual

contextin
w

hich
D

r.
L

evy's
estim

ates
w

ill
be

used
in

this
case.

F
or

exam
ple,w

hen
com

pared
w

ith
the

significantdam
ages

P
laintiffs

seek
in

this
case,the

costsavings
from

sam
pling

m
ay

be
m

odest
in

com
parison.

D
r.L

evy's
reportcontains

no

cost-benefitanalysis
related

to
P

laintiffs'decision
to

analyze
a

sam
ple

o
fth

e
population

rather
than

the
entire

population.
In

the
context o

fthe
dam

ages
P

laintiffs
seek

in
this

case,I
believe

thata
cost-benefitanalysis

should
have

been
done.

A
cost-benefitanalysis

m
ighthave

led
to

m
uch-increased

sam
ple

sizes,w
hich

iflarge
enough

itw
ould

then
lead

to
the

practical
decision

o
fdispensing

w
ith

sam
pling

altogether.

6.4.
A

t
sorne

point,either
D

r.
L

evy,
M

r.
M

andia,or
som

eone
else

m
ade

a
decision

that

"F
ixes

w
ith

a
status

o
f"C

ancelled,"
R

esearch
O

nly,"
or

"O
"...

w
ere

uninform
ative

for

the
purposes

o
fth

e
m

easures
ofinterest.,,11

E
xcluding

these
F

ixes
from

the
populations

reduces
their

sizes
from

1386
to

973
(C

ritical)
and

from
223

to
212

(R
etrofit).

9
L

evy
R

2
at

9,
13,

notes
29

and
33.

10
E

xpertR
eporto

fP
au

l
K

.
M

eyer,N
avigantC

onsulting,
Inc.,N

ovem
ber

16,2009,
revised

D
ecem

ber
2,2009,e.g.,page

87.
A

Iso
S

upplem
entalE

xpertR
eporto

fP
au

l
K

.
M

eyer,T
M

F
inancialF

orensics,L
L

C
.F

ebruary
23,2010.

II
L

evy
15,note

36.
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6.5.
D

r.
L

evy
conducted

analyses
to

determ
ine

w
hat

sam
ple

sizes
to

use.
H

e
settled

on

sam
ple

sizes
o

f46
for

the
R

etrofitF
ixes

and
238

for
the

C
ritical

S
upportF

ixes.
H

is

analysis
to

choose
the

sam
ple

sizes
is

revealing
o

fflaw
s

in
logic

and
statisticalanalysis.

H
e

states
that:

"T
he

sam
ple

size
w

as
determ

ined
based

on
exam

ination
o

f
the

data

available
for

tw
o

m
easures

o
f

interest
for

w
hich

M
r.

M
andia

w
as

able
to

col1ect
data

for
the

entire
population

o
f

F
ixes.

M
r.

M
andia

provided
this

data
to

m
e

as
O

R
C

L
X

-M
A

N
-000060,

the
E

xcel
w

orkbook
containing

the

results
o

f
his

findings
for

the
tw

o
m

easures
o

f
interest

across
the

entire

population
o

f
F

ixes
in

the
R

etrofit
and

C
ritical

S
upport

populations.

A
dditional1y,

there
w

as
discussion

o
f

the
characteristics

o
f

one
o

f
the

m
easures

for
w

hich
it

w
as

extrem
ely

costly
to

gather
data;

this
m

easure

w
as

the
num

ber
o

fE
nvironm

ents
used

in
the

developm
ent

or
testing

o
fthe

F
ix,

as
identified

in
the

developm
ent,

test
or

other
docum

entation."

[em
phasis

in
original]

"...
M

easure
116,

the
num

ber
o

f
E

nvironm
ents

used
in

the
developm

ent

or
testing

o
f

the
F

ix,
as

identified
in

developm
ent,

test,
and

other

docum
entation,

w
as

the
basis

for
determ

ining
the

sam
ple

size.
T

he

assum
ed

averages
and

standard
deviations

used
to

calculate
the

sam
ple

size
w

ere
based

on
sim

ulated
data

for
m

easure
116,

w
here

it
w

as
assum

ed

that
m

easure
116

should
be

zero
w

henever
m

easure
104

is
zero

and
that

the
distribution

o
f

the
non-zero

values
m

easure
116

w
ould

be
sim

ilar
to

thatofm
easure

115."

" ...
1

w
as

asked
by

counsel
to

calculate
sam

ples
sizes

based
on

a
90%

confidence
level

and
50%

precision
range

for
this

m
easure,

w
hich

yielded

a
sam

ple
size

o
f46

for
R

etrofit
and

238
for

C
ritical

S
upportFixes.,,12

12
L

evy,
15-16.
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T
he

"precision
range"

is
defined

by
D

r.L
evy

as
the

difference
betw

een
the

upper

endpoint o
fhis

90%
confidence

interval
m

inus
the

low
er

end
o

fthe
interval,expressed

as

a
percentage

o
fhis

estim
ate. 13

A
sm

all
precision

range
is

desirable,
and

a
large

precision

range
is

notdesirable.
D

r.L
evy

did
notm

ake
itcom

pletely
clear

how
he

constructed
his

confidence
intervals

for
his

sam
ple

size
analysis,

but,
for

the
m

ethod
that

itappears
that

he
used,the

precision
range

w
ill

be
proportional

to
the

coefficient o
fvariation,

w
hich

is

the
ratio

o
fthe

standard
deviation

to
the

average. 14
H

e
based

his
analysis

on
m

easure

115,butother
m

easures
have

higher
coefficients

ofvariation
and

had
he

based
his

analysis
on

those,his
sam

ple
size

specifications
w

ould
have

been
different.

A
s

show
n

in

paragraph
6.49

below
,

sorne
o

fth
e

precision
ranges

associated
w

ith
the

confidence

intervals
produced

by
D

r.
L

evy
are

around
100%

or
larger,

w
ell

in
excess

o
fth

e
50%

precision
range

he
w

as
asked

to
achieve.

6.6.
D

r. L
evy's

statem
entthathe

"w
as

asked
by

counsel
to

calculate
sam

ples
sizes

based

on
a

90%
confidence

level
and

50%
precision

range
for

this
m

easure,,15
m

akes
clearthat

counseltold
him

to
use

the
com

bination
o

f"a
90%

confidence
level

and
50%

precision

13
L

evy-R
2,

12
defines

precision
range

as
follow

s:
"In

orderto
design

the
sam

ple
size,

she
decides

to
use

a
90%

confidence
level

and
a

20%
precision

range;
that

is,
she

w
ants

to
be

able
to

say
that

ifshe
sam

pled
from

this
population

repeatedly,
90%

o
fthe

tim
e

the
true

num
ber

o
fcom

puters
w

ould
be

w
ithin

plus
or

m
inus

10%
o

fher
result."

14
D

r.
L

evy
does

notappear
to

have
reported

the
form

ulas
thathe

used
to

calculate
precision

ranges.
T

he
w

orksheet
show

ing
his

calculations
show

s
only

the
num

erical
values

resulting
from

his
form

ulas
rather

than
the

form
ulas

them
selves;

w
orksheet

"S
am

ple
S

ize
116"

in
spreadsheet"S

am
ple_S

election.xlsx"
in

O
R

C
L

X
-A

A
C

G
-000003.

Ifthe
confidence

intervals
are

based
on

the
norm

al
approxim

ation,the
low

er
endpointo

f
the

interval
equals

the
sam

ple
average

m
inus

a
factor

tim
es

the
estim

ate
o

fstandard
error

and
the

upper
endpointequals

the
sam

ple
average

plus
a

factor
tim

es
the

estim
ate

o
f

standard
error,

so
the

difference
betw

een
the

tw
o

endpoints
equals

2
tim

es
the

producto
f

the
factor

tim
es

the
standard

error.
Ifthe

form
ula

for
standard

error
does

notcontain
a

finite
population

correction,the
estim

ate
o

fstandard
error

equals
the

standard
deviation

divided
by

the
square

rooto
fthe

sam
ple

size,and
in

thatcase
the

precision
range

is
equal

to
the

producto
f2

tim
es

the
factor

tim
es

the
coefficiento

fvariation
tim

es
the

reciprocal
o

fthe
square

rooto
fthe

sam
ple

size.
T

his
im

plies
thatthe

precision
range

is
proportional

to
the

coefficientofvariation.
D

r.
L

evy
did

notm
ake

clear
w

hether
he

used
the

finite
population

correction
(defined

in
L

evy,
page

38)
in

his
determ

ination
o

fsam
ple

size.
If

he
did

not,the
form

ula
is

slightly
m

ore
com

plicated,butthe
generalpattem

is
sim

ilar.

15
L

evy,
16.
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range".
T

his
is

quite
a

large
range

o
f

uncertainty
to

deliberately
aim

for
in

a
case

w
here

P
laintiffs

allegations
place

large
sum

s
o

fm
oney

at
stake,

and
as

show
n

in
paragraph

6.49

below
even

the
m

eager
standard

P
laintiffs'

counsel
told

D
r.

L
evy

to
use

w
as

often
not

achieved.

6.7.
B

ecause
the

m
ethodological

choice
to

base
the

sam
ple

sizes
on

certain
properties

o
f

confidence
intervals

w
as

inherently
statistical,1

infer
that

D
r.

L
evy

m
ade

that
choice

rather
than

counsel.
T

hatchoice
is

questionable,
how

ever,
in

lighto
f

C
ochran's

view
that

"A
m

ore
logical

approach
to

the
determ

ination
o

f
sam

ple
size

can

som
etim

es
be

developed
w

h
en

a
practical

decision
is

to
be

m
ade

from
the

results
o

fth
e

sam
ple.,,16

C
ochran

m
ad

e
that

statem
entas

the
lead

sentence
in

the
section

o
fhis

book
that

discusses

the
use

o
fdecision

theory
o

r
cost-benefit

analysis
to

determ
ine

sam
ple

sizes. 17
T

he

difference
betw

een
the

cost-benefitanalysis
approach

and
D

r.
L

ev
y

's
is

thatthe
form

er

takes
into

accountthe
practical

consequences,
including

financial
consequences,

o
f

sam
pling

erro
r

in
the

estim
ates

based
on

the
sam

ple.

6.8.
D

r.
L

evy
used

E
xcel

softw
are

to
generate

the
sam

ples.
W

ith
respectto

the
R

etrofit

F
ixes,the

sam
ple

w
as

selected
from

the
fu

lllist
o

f
223

R
etrofit

F
ixes

(including
those

w
ith

a
status

o
f"C

an
celled

,"
R

esearch
O

nly,"
o

r
"O

").
E

ach
R

etrofit
F

ix
in

that
listw

as

given
an

item
num

ber
from

1
up

through
223.

T
h

en
D

r.
L

evy
used

M
icrosoftE

xcel

softw
are

to
choose

a
w

hole
num

ber
from

1
to

223. 18
T

he
first

num
ber

show
n

in
his

list
is

8.
T

h
at

m
eans

thatthe
R

etrofit
F

ix
w

ith
item

num
ber

8
w

as
selected

first.
T

hen
he

repeated
the

process
223

tim
es.

T
he

first
46

item
num

bers
(including

duplicates)
w

ould

16
C

ochran,
83.

17
C

ochran,
83-85.

18
In

essence,
one

does
this

by
having

E
xcel

generate
a

random
num

ber
betw

een
O

an
d

1
(butn

o
t

including
1),

m
ultiplying

the
num

ber
by

223,
and

then
rounding

up
to

the
nearest

w
hole

num
ber.
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com
prise

the
sam

ple
o

fR
etro

fitF
ixes.

Ifan
item

num
ber

chosen
for

the
sam

ple

corresponded
to

a
F

ix
w

ith
a

status
of"C

ancelled,"
R

esearch
O

nly,"
or

"O
"

then
itw

as

skipped,and
the

nextitem
num

ber
generated

w
ould

be
used

instead.
T

he
treatm

entfor

the
C

ritical
S

upportF
ixes

w
as

sim
ilar,exceptthat

instead
o

fu
sin

g
the

R
etrofitpopulation

size
and

sam
ple

size,223
and

46,the
C

ritical
S

upportpopulation
size

o
f

1386
and

sam
ple

size
o

f23
8

w
ere

used.

6.9.
In

m
y

m
ore

than
25

years
o

f
statistical

consulting
experience

in
draw

ing
sam

ples,1

have
consistently

observed
the

generally
accepted

practice
o

ffully
docum

enting
the

sam
ple

selection
process.

T
hatdocum

entation
includes

provision
o

f
sufficient

inform
ation

such
thatthe

sam
ple

selection
process

can
be

duplicated
exactly

by
anyone

else.
T

here
are

serious
questions

aboutw
hether

the
sam

ples
putforth

by
D

r.
L

evy
are

properly
generated

random
sam

ples
obtained

from
E

xcel.
It

is
a

significantproblem
that

D
r.

L
evy

did
not

produce
a

copy
o

fa
program

thatcan
be

run
to

duplicate
his

sam
ple

selection
process.

P
laintiffs

produced
item

num
bers

only
-

the
results

o
fthe

supposed

valid
random

sam
pling

-
butnota

proper
record

or
an

audittrail
o

fthe
process.

A
pparently

D
r.

L
evy

did
notm

aintain
one. 19

W
hen

a
sam

ple
is

selected
by

a
qualified

statistician
for

use
in

litigation
or

in
other

im
portantsituations,

it
is

standard
practice

for

the
statistician

to
selectthe

sam
ple

in
such

a
w

ay
thatthe

sam
ple

selection
can

be

reproduced.
T

his
is

sim
ple

to
do,

and
indeed

D
r.

L
evy

did
follow

this
practice

in
a

later

analytic
step

that
involved

"10,000
repeated

draw
s

from
the

sam
ple".20

T
hathe

neglected

to
m

aintain
a

record
o

fthe
process

for
the

m
ain

task
w

ith
w

hich
he

w
as

charged
­

selecting
the

C
ritical

S
upportand

R
etrofit

sam
ples

-
is

stunning.
T

he
entire

set o
fdata

w
ith

w
hich

he
is

w
orking

is
derived

from
the

auditing
o

fcom
puter

files.
G

iven
thatD

r.

L
evy

apparently
w

orked
closely

w
ith

a
"com

puter
forensics

expert"
(M

r.
K

evin
M

andia),

19
A

ppendix
3

contains
a

copy
o

fem
ail

correspondence
betw

een
JonesO

ay
and

P
laintiffs'

counsel
on

this
point,w

hich
is

B
ates-labeled

SA
P-SPE

-O
O

O
O

O
l

through
S

A
P

-S
P

E
­

000006.

20
L

evy,40.
H

is
m

ethod
for

generating
the

10,000
draw

s
has

its
ow

n
significant

problem
s,as

discussed
below

(paragraphs
6.34

-
6.44).

H
ow

ever,
it

is
because

D
r.

L
evy's

latter
selection

m
ethod

-
unlike

his
m

ethod
for

selecting
the

R
etrofitand

C
ritical

S
upportsam

ples
-

is
reproducible

thatits
flaw

s
are

so
readily

apparent.
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it
is

difficultto
com

prehend
w

hy
he

w
ould

selecthis
sam

ples
in

such
a

w
ay

thatthe

process
w

as
hidden

and
could

notbe
reproduced.

6.10.
D

r.L
evy

received
data

from
M

r.
M

andia
on

a
num

ber
ofm

easures
thatM

andiant

had
determ

ined
for

aH
o

fth
e

fixes
in

the
population,

C
ritical

S
upportor

R
etrofitas

the

case
m

ay
be.

T
hose

data
perm

itchecks
to

be
conducted

to
see

how
likely

it
is

thata

sam
ple

such
as

D
r.

L
evy's

w
ould

be
selected

w
ith

the
procedure

he
claim

s
to

have
used.

A
s

w
ill

be
show

n
(paragraphs

6.12
-

6.16),
D

r. L
evy's

sam
ple

is
discrepanton

a
num

ber

o
fdim

ensions.
I

instructed
D

r.
W

alter
V

andaele
and

his
coH

eagues
to

run
a

sim
ulation

10,000
tim

es
to

replicate
the

sam
pling

procedure
thatD

r.
L

evy
claim

s
to

have
used?l

F
ew

er
than

1
in

10
o

fth
e

10,000
sam

ples
generated

in
the

sim
ulation

w
ere

as
discrepant

as
D

r.
L

evy's
C

ritical
S

upportsam
ple.

I
did

notfind
the

sam
e

degree
o

fdiscrepancy
for

the
R

etrofitsam
ple.

T
he

R
etrofitsam

ple
w

as
sm

aH
er

than
the

C
ritical

S
upportsam

ple,

w
ith

size
46

com
pared

to
238,and

it
is

harder
to

detect
deviations

from
chance

for
a

sm
aH

sam
ple.

6.11.
A

sim
ple

exam
ple

dem
onstrates

both
(i)

how
one

can
testw

hether
a

sam
ple

w
as

selected
w

ith
sim

ple
random

sam
pling

and
also

(ii)
w

hy
it

is
harder

to
show

deviations

from
chance

for
a

sm
aH

er
sam

ple.
C

onsider
a

population
o

fsize
N

thatconsists
o

fequal

num
bers

o
fred

and
w

hite
item

s.
S

uppose
that

som
eone

picks
a

sam
ple

o
fsize

n
that

contains
only

red
item

s
and

no
w

hite
item

s
and

claim
s

thatthe
sam

ple
w

as
selected

as
a

sim
ple

random
sam

ple
w

ith
replacem

ent.
T

he
chances

o
fgetting

aH
red

item
s

depends

on
the

sam
ple

size.
F

or
a

sim
ple

random
sam

ple
draw

n
w

ith
replacem

entfrom
the

population
o

fequal
num

bers
o

fred
and

w
hite

item
s

described
aboye,

ifthe
sam

ple

consists
o

fjust2
item

s
then

the
probability

o
fgetting

aH
red

item
s

is
25%

.
T

he

probability
o

fgetting
aH

red
item

s
is

12.5%
ifth

e
sam

ple
is

o
fsize

3,and
the

probability

o
fgetting

aH
red

item
s

is
6.25%

ifthe
sam

ple
size

is
4.

So,for
a

sam
ple

o
fsize

4
from

this
population

w
e

could
say

thatthe
chances

o
fgetting

such
an

extrem
e

sam
ple

-
aH

red

2l
A

ppendix
4

contains
a

copy
o

fth
e

w
ritten

instructions
I

gave
to

D
r.

V
andaele

and
his

coH
eagues

at L
E

C
a,

w
hich

is
B

ates-Iabeled
S

A
P

-S
P

E
-000007

through
S

A
P

-S
P

E
­

000009.
In

som
e

cases
I

supplem
ented

the
w

ritten
instructions

w
ith

oral
instructions.
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item
s

-
is

sm
all

enough
to

raise
serious

doubts
abouthow

the
sam

ple
w

as
really

selected,

because
such

extrem
e

sam
ples

are
not

likely
to

arise
ifthe

sam
ple

w
ere

chosen
as

c1aim
ed.

F
or

sm
aller

size
sam

ples
itw

ould
be

harder
to

supportan
assertion

thatthe

sam
ple

w
as

not
selected

as
claim

ed,
since

sam
ples

as
extrem

e
as

the
one

obtained
could

occur
m

ore
than

10%
o

fthe
tim

e.

6.12.
T

he
factthat26

m
easures

are
know

n
for

all
item

s
in

the
population

allow
s

us
to

check
how

plausible
it

is
thatthe

sam
ple

really
w

as
selected

w
ith

[sim
ple]

random

sam
pling

as
D

r.
L

evy
says

itw
as.

F
orthe

26
num

erical
m

easures
thatM

andiant

determ
ined

for
the

w
hole

population
and

for
the

C
ritical

S
upportsam

ple,
I

com
pared

the

sam
ple

average
w

ith
the

population
average. 22

In
orderto

putthe
differences

betw
een

the

sam
ple

average
and

the
population

average
on

the
sam

e
scale

for
each

m
easure,

I
divided

each
difference

by
the

standard
error

for
the

sam
ple

average. 23
T

he
resulting

statistics
are

som
etim

es
called

standard
scores,z-scores, or

z
statistics.

M
y

calculation
is

a
standard

practice
in

the
field

o
fstatistics.

T
he

z
statistic

is
interpreted

as
a

m
easure

o
fthe

actual

discrepancy
betw

een
a

given
sam

ple
average

and
the

population
average.

6.13.
Ifth

e
sam

ple
w

ere
selected

as
D

r.L
evy

c1aim
s,and

ifth
e

values
o

fth
e

m
easure

in

the
population

w
ere

distributed
according

to
a

bell-shaped
curve,

or
w

hat
is

called
the

22
T

he
num

erical
m

easures
available

for
every

item
in

the
population

are
those

num
bered

101,
104-113,

115,
118,

121,
122,

125,
127,

130,
133,

135-138,and
142-144.T

he
values

for
these

m
easures

assigned
by

M
andiant

for
all

item
s

in
the

population
are

show
n

in
the

w
orksheet"P

opulation"
in

the
spreadsheet"F

ix
M

easures
to

A
A

C
G

.xls",w
hich

is
contained

in
O

R
C

L
X

-M
A

N
-000061.

T
he

item
s

selected
in

the
C

ritical
S

upportsam
ple

and
in

the
R

etrofit
sam

ple
are

identified,
respectively,

in
the

w
orksheets

"C
ritical_S

upport_
S

am
ple"

and
"R

etrofit_S
am

ple;'in
that

spreadsheet.
T

his
analysis

does
notassum

e
thatthe

data
values

in
the

spreadsheetare
true

or
correct.

T
he

analysis
is

concem
ed

w
ith

discrepancy
betw

een
the

sam
ple

and
the

population.
P

robability
theory

tells
us

thatthe
discrepancies

should
notbe

larger
than

w
hatchance

dictates,
w

hether
or

notthe
underlying

data
values

are
true.

23
T

he
sam

ple
average

w
ill

vary
from

one
sam

ple
to

another,
depending

on
w

hich
sam

ple
w

as
selected.

T
he

dispersion
o

fthe
sam

ple
average

across
possible

sim
ple

random
sam

ples
selected

w
ith

replacem
ent

can
be

calculated
because

the
data

are
know

n
for

the
full

population,and
the

dispersion
is

quantified
by

w
hat

is
called

the
standard

error.
See

paragraph
6.23

for
further

discussion.
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"norm
al

distribution"
or

the
"G

aussian
distribution",the

z
statistic

for
a

single
sam

ple

w
ould

have
a

90%
chance

offalling
betw

een
-1.644853627

and
+

1.644853627.2
4

F
or

purposes
o

fthis
analysis,

I
w

ill
call

a
z

statistic
"discrepant"

ifitfalls
outside

the
range

from
-1.644853627

to
+

1.644853627. 25
I

use
so

m
any

decim
al

places
here

to
avoid

am
biguity.

6.14.
F

or
D

r.
L

evy's
C

ritical
S

upportsam
ple,

8
o

fth
e

26
num

erical
m

easures
M

andiant

determ
ined

for
the

full
population

had
a

discrepant z
statistic.

T
o

see
w

hether
such

a

large
num

ber
o

fdiscrepancies
is

consistentw
ith

w
hatone

gets
from

actual
sim

ple

random
sam

pling
from

the
population,

I
directed

D
r.

W
alter

V
andaele

and
his

colleagues

to
selecta

sim
ple

random
sam

ple
o

fsize
238

w
ith

replacem
entfrom

the
C

ritical
S

upport

population
and

to
record

how
m

any
m

easures
had

discrepant z
statistics.

I
had

them
do

this
notonly

once,
but

10,000
tim

es,
such

thatthe
sam

ples
w

ere
selected

independently

o
feach

other.
I

refer
to

this
as

a
sim

ulation.
F

or
each

sam
ple,the

num
ber

o
fm

easures

w
hose

z
statistic

w
as

discrepantw
as

counted.
T

he
average

num
ber

o
fm

easures
per

sam
ple

w
ith

a
discrepantz

statistic
w

as
2.46,com

pared
to

8
in

D
r.

L
evy's

sam
ple.

O
nly

24
John

A
.

R
ice

(2007)
M

athem
aticalStatistics

a
n

d
D

ata
A

nalysis.
3

rd
E

dition.,
B

elm
ont,

C
alifornia:

D
uxbury

P
ress,T

able
2C

on
p.

A
7

w
ith

supporting
discussion

on
pp.

59-60
show

s
the

resultto
about2

decim
alplaces

after
interpolation.

F
or

m
ore

decim
al

places
one

can
use

E
xcel

w
ith

the
cell

entries
"=

N
O

R
M

IN
V

(0.05,0,1)"
and

"=
N

O
R

M
IN

V
(0.95,0,1)".

P
aragraph

6.30
show

s
thatw

hen
the

sam
ple

really
is

selected
w

ith
sim

ple
random

sam
pling

w
ith

replacem
ent,the

z
statistics

for
the

26
m

easures
know

n
for

the
entire

population
do

have
an

approxim
ately

90%
chance

o
ffalling

in
the

range
from

-1.644853627
to

+
1.644853627

25
I

picked
this

range
from

-1.644853627
to

+
1.644853627

to
be

consistentw
ith

the
upper

and
low

er
bounds

as
used

by
D

r.
L

evy
in

his
analysis.

H
e

chose
his

upper
and

low
er

bounds
in

an
attem

ptto
develop

90%
confidence

intervals.
F

or
exam

ple,
his

S
A

S
®

program
includes

the
statem

ents
"avg_Ib_90

=
avg

-
(1.644853627*stderr_avg);"

and
"avg_ub_90

=
avg

+
(1.644853627*stderr_avg);"

to
have

low
er

bounds
(lb)

and
upper

bounds
(ub)

com
puted;

see
"analysis.sas"

in
the

folder
"S

A
S

C
ode",

w
hich

is
contained

in
the

folder
O

R
C

L
X

-A
A

C
G

-000004,w
hich

is
contained

in
the

folder
O

R
C

L
X

-A
A

C
G

-003.
In

m
y

analysis,
I

do
notneed

to
m

ake
a

theoretical
assum

ption
aboutthe

shape
o

fth
e

distribution
because

I
know

the
full

population
for

each
o

fth
e

26
m

easures
1

exam
ine.
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927
outo

fth
e

10,000
sam

ples
had

8
or

m
ore

m
easures

w
ith

a
discrepantz

statistic.16

T
hat

is,few
er

than
10%

o
fthe

sam
ples

had
as

m
any

or
m

ore
discrepantz

statistics
as

D
r.

L
evy's

sam
ple.

P
utanother

w
ay,

ifone
picked

a
sim

ple
random

sam
ple

o
fsize

238
w

ith

replacem
entfrom

the
population

o
fC

ritical
S

upportU
pdates/F

ixes,
the

chances
o

f

getting
as

m
any

discrepantz
statistics

as
D

r.
L

evy
did

is
less

than
10%

.
(A

s
w

ill
be

discussed
below

in
paragraph

6.26,D
r.L

evy
is

using
a

threshold
o

f
10%

error
as

a

standard.)

6.15.
D

r.
L

evy's
R

etrofit
sam

ple
had

only
1

m
easure

w
ith

a
discrepantz

statistic,and
the

chances
o

fgetting
1

or
m

ore
m

easures
w

ith
a

discrepantz
statistic

are
large,atabout

58%
.1 7

6.16.
T

o
recapitulate,D

r.
L

evy
chose

to
use

sim
ple

random
sam

pling
w

ith
replacem

ent,

w
hich

aH
ow

s
for

duplication
o

fobservations,
instead

o
fth

e
m

ore
com

m
on

sim
ple

random
sam

pling
w

ithoutreplacem
ent.

H
e

did
notkeep

a
record

o
fthe

process
or

processes
by

w
hich

he
selected

the
R

etrofitand
C

ritical
S

upportsam
ples,butonly

the

outcom
es

o
fth

e
selection

process.
T

his
lack

o
fdocum

entation
m

akes
itdifficultto

confirm
thatthe

sam
ples

w
ere

random
ly

selected
as

D
r.L

evy
claim

s.
S

tatistical
analysis

show
s

thathis
C

ritical
S

upportsam
ple

w
as

far
from

w
hatw

ould
tend

to
arise

from

sam
pling

from
the

C
ritical

S
upportpopulation

ifthe
sam

ple
w

as
in

fact
selected

w
ith

sim
ple

random
sam

pling
as

he
claim

s
itw

as.

6.17.
F

aced
w

ith
a

sam
ple

thathe
had

selected
w

ith
replacem

ent,
O

r.L
evy

had
a

choice

betw
een

tw
o

differentw
ays

o
fanalyzing

it.
H

e
could

have
throw

n
outthe

duplicates,
so

thateach
item

in
the

sam
ple

w
as

in
the

sam
ple

only
once.

O
r,he

could
have

keptthe

duplicates
in,

so
that

sorne
item

s
counted

m
ultiple

tim
es

in
the

sam
ple

and
others

counted

26
W

orksheet"E
xhibitA

"
in

"A
H

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

S
A

P
-S

P
E

-0000I0.

27
T

here
w

ere
5842

outo
fth

e
10,000

sam
ples

w
ith

1
or

m
ore

discrepantz
statistics,as

show
n

in
W

orksheet"E
xhibitB

"
in

"A
H

E
xhibits.xls"

located
in

A
ppendix

5
and

B
ates­

labeled
S

A
P

-S
P

E
-0000I0.

T
hat

is
58%

.
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onlyonce.
T

hatD
r.

L
evy's

choice
is

inferior
has

been
know

n
for

m
ore

than
50

years. 28

In
the

statisticalliterature,D
r.L

evy's
estim

ator-
the

average
for

aH
item

s
in

the
sam

ple,

no
m

atter
how

m
any

tim
es

they
are

duplicated
-

is
c1assified

as
"inadm

issible".2
9

30

6.18.
F

or
m

easures
thatw

ere
based

in
w

hole
on

sam
ples,D

r.
L

evy
used

S
A

S
®

softw
are

to
estim

ate
averages

for
the

sam
ple.

T
he

problem
w

as
notw

ith
the

S
A

S
®

softw
are,

but

rather
w

ith
the

w
ay

he
used

it.

6.19.
T

o
estim

ate
the

total
for

the
population,

he
w

ould
m

ultiply
the

sam
ple

average
by

the
num

ber
o

fF
ix

es
in

the
corresponding

population,
nam

ely
973

(C
ritical

S
upport)

and

212
(R

etrofit).
B

ecause
his

estim
ate

o
fth

e
total

is
sim

ply
the

population
size

tim
es

D
r.

L
evy's

estim
ate

o
fth

e
average,

and
his

estim
ate

o
fth

e
average

is
inadm

issible,his

estim
ate

o
fth

e
total

is
sim

ilarly
inadm

issible.
T

o
estim

ate
a

ratio
o

ftw
o

population

averages,
D

r.
L

evy
uses

the
ratio

o
fh

is
estim

ates
o

fth
e

population
averages.

C
onsequendy,this

too
does

notrepresentgood
practice.

6.20.
Sorne

m
easures,

such
as

117,
120,

128,
129,and

134,w
ere

based
in

parton
the

sam
ple

and
in

part
on

the
population.

A
s

these
estim

ates
involve

D
r.

L
evy's

inadm
issible

estim
ates

o
fpopulation

averages,these
too

are
inadm

issible.

6.21.
D

r.L
evy

overstates
the

properties
o

fh
is

estim
ators.

H
e

claim
s

28
C

ochran,
30.

29
John

A
.

R
ice

(1995)
M

athem
atical

Statistics
a

n
d

D
ata

A
nalysis.

2
n

d
E

dition,
B

elm
ont,

C
alifornia:

D
uxbury

P
ress,

p.
585

says
"A

n
estim

ate
is

said
to

be
adm

issible
ifit

is
not

stricdy
dom

inated
by

an
other

estim
ate."

A
n

estim
ate

is
stricdy

dom
inated

ifits
accuracy

is
never

better
and

is
som

etim
es

w
orse

than
thato

fanother
estim

ator.

30
J.N

.
K

.
R

ao.
(1966)

"O
n

the
C

om
parison

o
fS

am
pling

w
ith

and
w

ithoutR
eplacem

ent",
R

eview
o

fth
e

InternationalStatisticalInstitute,
V

ol.
34,N

o.
2,pp.

125-138,states
on

pp.
126-127

that"Ifa
sim

ple
random

sam
ple

o
ffix

ed
size

n
is

draw
n

w
ith

replacem
ent

from
a

population
o

fsize
N

,
the

usual
estim

ator
o

fthe
population

m
ean

Y
based

on
aH

the
units

in
the

sam
ple

is
JI

[the
average

o
fth

e
n

values].
B

asu
(1958)

and
D

es
R

aj
and

K
ham

is
(1958)

have
show

n
thatJI

is
inadm

issible
by

proving
thatthe

estim
ator

[thatis

the
average

of]
the

...
distinctunits

in
the

sam
ple

is
uniform

ly
m

ore
efficientthan

JI."
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"T
he

estim
ates

o
f

the
population

total,
the

population
m

ean,
and

their

respective
standard

errors
are

scientificalIy
valid

estim
ates

oC
th

e
tru

e

values
in

the
population

w
hen

the
sam

ple
is

generated
random

ly."

[em
phasis

added]

and
he

cites
the

sam
pling

textL
evy

and
L

em
eshow

to
buttress

his
claim

. 31
H

ow
ever,the

cited
passage

from
L

evy
and

L
em

eshow
states

that"estim
ates

resulting
from

a
sim

ple

random
sam

ple
are

unbiased
estim

ates
o

fth
e

corresponding
population

param
eters",32

and
L

evy
and

L
em

eshow
also

state
"the

estim
ated

total
in

sim
ple

random
sam

pling

appears
to

be
an

unbiased
estim

ate
o

fth
e

true
population

total.,,33
T

here
is

a
subtle,but

im
portant,distinction

to
m

ake
here.

W
hen

L
evy

and
L

em
eshow

discuss
the

"corresponding
population

param
eters"

they
are

referring
to

the
average,total,

etc.that

w
ould

be
calculated

ifth
e

sam
ple

consisted
o

fth
e

entire
population.

F
or

exam
ple,

suppose
thata

sam
ple

survey
w

as
conducted

to
estim

ate
average

incom
e

in
a

population,

and
everyone

in
the

population
w

ould
alw

ays
understate

their
actual

incom
e.

N
o

m
atter

how
good

the
sam

pling
m

ethod,the
estim

ate
from

the
sam

ple
w

ould
tend

to
be

too
sm

all

relative
to

the
true

value.
S

everal
pages

priorto
the

passage
cited

by
D

r.L
evy,L

evy
and

L
em

eshow
discussed

this
m

easurem
ent

issue
relative

to
the

validity
and

reliability
o

f

findings
based

on
sam

ples,

"T
he

reliability
o

f
an

estim
ated

population
characteristic

refers
to

how

reproducible
the

estim
ator

is
over

repetitions
o

f
the

process
yielding

the

estim
ator.

If
w

e
assum

e
th

at
th

ere
is

no
m

easu
rem

en
t

erro
r

in
th

e

survey,
th

en
th

e
reliability

oC
an

estim
ato

r
can

be
stated

in
term

s
oC

its

sam
pling

v
arian

ce
o

r,
equivalently,

its
stan

d
ard

erro
r.

T
he

sm
aller

the

31
L

evy,
21,

note
39

gives
the

citation
source

"P
aul

S.
L

evy
and

S
tanley

L
em

eshow
,

S
am

pling
ofP

opulations,F
ourth

E
dition

(N
ew

Y
ork:

W
iley

&
S

ons,2008),
55-58."

1
refer

to
this

source
as

"L
evy

and
L

em
eshow

".

32
L

evy
and

L
em

eshow
,

55.

33
L

evy
and

L
em

eshow
,

56.
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standard
error

o
f

an
estim

ator,
the

greater
is

its
reliability.

[em
phasis

in

boldface
added]

"T
he

va/idity
o

f
an

estim
ated

population
characteristic

refers
to

how
the

m
ean

o
fthe

estim
ator

over
repetitions

o
fthe

process
yielding

the
estim

ate,

differs
from

the
true

value
o

fthe
param

eter
being

estim
ated.

A
gain,

ifw
e

assum
e

th
at

th
ere

is
no

m
easu

rem
en

t
erro

r,
th

e
validity

o
f

an

estim
ato

r
can

be
evaluated

by
exam

ining
th

e
bias

o
f

the
estim

ator.

T
he

sm
aller

the
bias,

the
greater

is
the

validity.,,34
[em

phasis
in

boldface

added]

S
im

ilarly,
C

ochran
notes

that

"E
ven

w
ith

estim
ators

thatare
unbiased

in
probability

sam
pling,errors

o
f

m
easurem

entand
nonresponse

m
ay

produce
biases

in
the

num
bers

thatw
e

are
able

to
com

pute
from

the
data.,,35

In
D

r.
L

evy's
study,

m
easurem

enterror
arises

w
hen

the
num

bers
thatM

andiantprovides

him
are

im
perfecto

Itappears
thatD

r.L
evy

is
m

aking
the

assum
ption

thatthere
is

no

m
easurem

enterror,
buthe

does
not

state
this

critically
im

portantassum
ption

nor
does

he

offer
any

justification
for

m
aking

such
an

assum
ption.

D
r.L

evy's
reportdoes

not

m
ention

any
evaluation

he
conducted

to
verify

thatthere
w

as
no

m
easurem

enterror.

T
hus,

even
ifh

e
could

dem
onstrate

thathis
sam

ples
w

ere
generated

random
ly

(and
as

discussed
in

paragraphs
6.9-6.16

he
has

notas
o

fth
is

date
been

able
to

do
so)

he
could

notjustify
a

claim
thathis

estim
ates

o
fthe

population
total,the

population
m

ean,
etc.

are

scientifically
valid

estim
ates

o
fth

e
true

values
in

the
population.

D
r.

L
evy

cannotclaim

validity
sim

ply
by

assum
ing

it.

34
L

evy
and

L
em

eshow
,

35.

35
C

ochran,
12.
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6.22.
T

o
recapitulate,

having
chosen

to
use

sim
ple

random
sam

pling
w

ith
replacem

ent,

w
hich

allow
s

sorne
m

em
bers

o
fthe

population
being

sam
pled

to
appear

m
ultiple

tim
es

in

the
sam

ple
although

they
appear

only
once

in
the

population,D
r.

L
evy

chose
to

estim
ate

the
population

average
by

the
sam

ple
average,

counting
duplicates

in
the

sam
ple

m
ultiple

tim
es.

T
his

is
notgood

statistical
practice,

and
his

estim
ator

is
described

in
the

statistical

literature
as

inadm
issible.

E
stim

ators
that

incorporate
his

inadm
issible

estim
ate

o
fth

e

average
are

flaw
ed

as
w

ell.
A

ll
o

fh
is

estim
ates

depend
on

the
underlying

data
being

correct,and
he

has
not

indicated
thathe

has
m

ade
any

attem
ptto

verify
that.

H
is

claim
s

thathis
estim

ates
are

scientifically
valid

estim
ates

o
fthe

true
values

in
the

population
are

unjustified.

6.23.
In

addition
to

estim
ates

o
faverages,

ratios,
and

totals,
D

r.L
evy

calculated
and

reported
standard

errors,
low

er
bounds,and

upper
bounds.

T
o

understand
these

term
s,

w
e

note
thatthe

expected
value

o
fa

statistic
calculated

from
a

sam
ple

is
defined

as
the

average
value

o
fth

e
statistic

thatw
ould

occur
ifth

e
sam

ple
w

ere
selected

repeatedly
and

independently.
T

he
standard

error
is

a
w

idely
used

m
easure

o
fthe

typical
size

o
fthe

error
in

an
estim

ate
based

on
a

sam
ple.

It
is

defined
as

the
square

rooto
fthe

expected

squared
difference

betw
een

the
statistic

and
its

expected
value.

6.24.
A

lthough
form

ulas
for

estim
ates

o
fth

e
standard

error
are

available
for

the
statistics

thatD
r.L

evy
reported,

D
r.L

evy
used

the
w

rong
form

ulas.
T

he
standard

error
for

a

statistic
depends,

am
ong

other
things,

on
the

sam
pling

design
used

to
getdata

for
the

statistic.
Ifone

uses
sim

ple
random

sam
pling

w
ith

replacem
ent,as

D
r.L

evy
did,there

is

a
form

ula
for

com
puting

the
usual

estim
ate

o
fstandard

error. 36
Ifone

uses
sim

ple

36
T

he
form

ula
for

the
square

o
fth

e
estim

ate
o

fstandard
error

o
fD

r.
L

evy's
estim

ate
o

f
the

population
total

is
show

n
in

S
arndaletal.,

page
73,equation

(3.3.24).
T

he
form

ula
for

the
estim

ate
o

fstandard
error

o
fD

r.
L

evy's
estim

ate
o

fth
e

population
total

is
sim

ply
the

square
root o

fth
e

expression
in

equation
(3.3.24).

T
he

form
ula

for
the

standard
error

o
fD

r.
L

evy's
estim

ate
o

fth
e

population
average

is
sim

ply
the

ratio
o

fth
e

square
root

o
f

the
expression

in
equation

(3.3.24)
to

the
population

size.
In

m
ostcases,D

r.
L

evy
indicated

w
hich

form
ulas

he
used

in
his

report,but
in

sorne
cases

additional
details

on
the

form
ulas

are
contained

w
ithin

the
S

A
S

®
program

D
r.

L
evy

used
to

calculate
his

results.
I

asked
D

r.V
andaele

and
his

colleagues
to

transcribe
sorne

o
fth

e
form

ulas
used

in
D

r.
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random
sam

pling
w

ithoutreplacem
ent,

there
is

a
differentform

ula
for

estim
ating

the

standard
error.

T
his

form
ula

yields
sm

aller
estim

ates
o

fstandard
error,

because
it

is

based
on

the
assum

ption
thata

better
sam

pling
design

has
been

used. It
is

highly

inappropriate
to

use
the

latter
form

ula
for

estim
ating

standard
error

w
hen

the
sam

pling

design
is

sim
ple

sam
pling

w
ith

replacem
ent-

yetthat
is

justw
hatD

r.L
evy

did
to

estim
ate

standard
errors

in
his

N
ovem

ber
16,2009

report. 37
D

r.L
evy

later
corrected

the

error,
w

ithout
explanation,and

issued
a

revised
reporto

38

6.25.
D

r.
L

evy
com

puted
and

reported
"90%

confidence
intervals"

for
a

num
ber

o
fth

e

population
values

thathe
used

the
sam

ple
to

estim
ate.

F
or

exam
ple,he

reports
thata

"90%
confidence

interval
.
.
.

[for
the

num
ber

of]
custom

ers
[that]

received
each

R
etrofit

F
ix

as
a

F
irst

or
Identified

D
eliverable

...
ranges

from
5.94

to
8.31.

T
his

m
eans

that
in

repeated
sam

ples
the

true
value

in

the
population

has
a

90%
chance

o
f

falling
w

ithin
the

confidence
intervals

constructed
in

this
w

ay
from

the
sam

ple.,,39

D
r.

L
evy

is
incorrecto

F
irst,his

confidence
interval

"from
5.94

to
8.31"

is
constructed

incorrectly
and

relies
on

assum
ptions

thathe
does

nottestand
w

hich
are

questionable
in

L
evy's

S
A

S
®

program
s,

and
the

resulting
docum

ent
is

located
in

A
ppendix

7
and

has
B

ates
num

bers
S

A
P

-S
P

E
-000032

through
S

A
P

-S
P

E
-000038.

37
L

evy,
37,third

line
from

bottom
o

fth
e

page;
L

evy
38,third

line
from

top;
L

evy
40,

second
lineo

38
L

evy-R
2

(see
also

L
evy-E

rrata-2)
corrects

this
error,and

uses
instead

the
correct

form
ula

for
estim

ating
the

standard
error

for
the

estim
ators

used
by

D
r.L

evy
ifth

e
sam

pling
design

is
sim

ple
random

w
ith

replacem
ent.

T
he

im
pacto

fthis
change

in
form

ula
is

to
increase

D
r.L

evy's
estim

ates
ofstandard

error,to
decrease

his
low

er
bounds,to

increase
his

upper
bounds,

and
to

w
iden

his
confidence

intervals
for

population
averages

and
totals,w

ith
the

exception
ofM

easure
124

for
C

ritical
S

upport.
F

orthis
m

easure,
his

revised
estim

ate
o

fstandard
error

w
ould

cause
the

low
er

bound
that

he
calculated

w
ith

his
"norm

al
approxim

ation"
to

be
negative

(L
evy-R

2,40),
so

he
used

bootstrap
m

ethodology
to

develop
his

upper
and

low
er

bounds
and

confidence
intervals

and
he

chose
notto

reporthis
estim

ate
o

fth
e

standard
error.

39
L

evy,
3,note

7.
S

im
ilar

claim
s

are
m

ade
in

L
evy

13
and

24
(tw

ice).
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light
o

fth
e

analysis
discussed

below
in

paragraphs
6.32

-
6.34. 40

S
econd,he

confuses
the

concept o
f"tru

e
value"

w
ith

"population
value".

A
s

discussed
in

paragraph
6.21,D

r.

L
evy

has
provided

no
supportfor

m
aking

any
claim

s
abouttruth.

Ifhe
had

selected
and

analyzed
his

sam
ple

appropriately,
he

w
ould

have
grounds

for
m

aking
claim

s
aboutw

hat

his
sam

ple
w

ould
have

yielded
ifithad

included
100%

o
fthe

item
s

in
the

population,
or

w
hat

is
called

the
"population

value".
B

ut,to
the

extentthatdata
provided

to
D

r.
L

evy

contain
errors,the

population
value

is
notthe

true
value.

T
here

is
no

supportable
basis

for
D

r.L
evy

to
assertthatthe

sam
ple

data
values

are
correctbecause

he
received

the
data

from
M

r.
M

andia,and
there

is
no

evidence
that he

verified
thatM

r.
M

andia
m

ade

absolutely
no

errors
in

his
analysis. 41

6.26.
In

plain
term

s,
a

90%
confidence

interval
is

a
range

o
fnum

bers
calculated

from
the

sam
ple

thathave
the

property
thatthe

population
value

being
estim

ated
w

ill
fall

w
ithin

the
range

90%
o

fthe
tim

e
ifthe

sam
ple

is
repeated

independently
a

very
large

num
ber

o
f

tim
es.

T
here

is
a

tradeoffin
confidence

intervals
betw

een
the

length
o

fth
e

confidence

interval
and

the
coverage

probability.
D

r.L
evy

(and
P

laintiffs'counsel,as
discussed

in

paragraph
6.6)

chose
90%

for
the

coverage
probability.

H
ad

he
(and

P
laintiffs'counsel)

chosen
95%

,the
intervals

w
ould

have
a

greater
probability

o
fcovering

the
true

value,

w
hich

is
good,

butthe
intervals

w
ould

also
be

w
ider,w

hich
is

undesirable.
D

r.
L

evy
and

P
laintiffs'counsel

chose
to

accepta
10%

probability
for

his
confidence

intervals
failing

to
include

the
population

value.

6.27.
D

r.
L

evy
m

ade
a

num
ber

o
fm

istakes
in

his
constructions

o
fconfidence

intervals

for
population

averages
and

population
totals.

T
he

confidence
intervals

he
constructed

for
population

averages
and

population
totals

have
the

form
:

estim
ate

o
fpopulation

40
A

lthough
changing

5.94
to

5.79
and

8.31
to

8.46
as

in
L

evy-E
rrata-2,

so
that"the

90%
confidence

interval
ranges

from
5.79

to
8.46"

(L
evy-R

2,3,note
7)

is
an

im
provem

ent,
this

revised
confidence

interval
is

still
incorrectly

constructed.
T

his
pointis

further
discussed

in
paragraphs

6.27
-

6.36.

41
I

see
nothing

in
D

r.L
evy's

report
show

ing
thathe

validated
or

checked
the

inputdata
he

received
from

M
r.

M
andia.

C
hanges

in
those

inputs
w

ill
in

alllikelihood
cause

changes
in

the
statistics

calculated
and

reported
by

D
r.

L
evy.

E
rrors

in
those

inputs
w

ill
tend

to
cause

errors
in

L
evy's

estim
ates.
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quantity
plus

or
m

inus
the

producto
fthe

estim
ate

o
fstandard

error
tim

es
a

factor
that

is

ofien
referred

to
as

a
critical

value. 42
H

e
refers

to
confidence

intervals
o

fth
is

form
as

being
"based

on
the

norm
al

approxim
ation.,,43

U
sing

intervals
o

fth
is

form
for

population

averages
and

totals
is

standard
in

sam
ple

surveys
and

itis
w

idespread
as

w
ell

for
ratios.

D
r.L

evy
w

as
rightto

avoid
using

the
norm

al
approxim

ation
for

intervals
w

hen
they

w
ould

exceed
the

lim
its

ofplausibility,
such

as
proportions

being
negative

or
exceeding

100%
.

H
ow

ever,
in

his
application

o
fth

e
norm

al
approxim

ation
for

developing

confidence
intervals

he
m

ade
m

istakes
regarding

each
o

fthe
three

com
ponents.

6.28.
F

irst,as
discussed

in
paragraphs

6.17-6.20,
his

estim
ates

o
faverages

and
totals

w
ere

inadm
issible,

and
his

estim
ates

o
fratios

o
fpopulation

averages
ortotals

w
ere

based

on
ratios

o
finadm

issible
estim

ates.

6.29.
S

econd,
as

discussed
in

paragraph
6.24,

he
used

the
w

rong
estim

ates
o

fstandard

error. 44

6.30.
1

directed
thatan

analysis
be

run
to

see
how

w
ell

D
r.L

evy's
confidence

intervals

w
ould

perform
ifthey

could
be

based
on

the
true

standard
error

instead
o

fan
estim

ate
o

f

the
standard

error. 45
S

pecifically,1
directed

D
r.

V
andaele

and
his

colleagues
to

run

analyses
to

check
on

the
validity

o
fthe

confidence
intervals.

T
hey

then
perform

ed
the

analysis
for

the
26

num
erical

m
easures

thatw
ere

available
for

all
fixes

in
the

42
T

hat
is,calculate

the
estim

ate
o

fthe
population

quantity
and

subtractthe
producto

fthe
standard

error
and

the
factor

to
getthe

low
er

bound,and
then

take
the

estim
ate

and
the

add
the

producto
fthe

standard
error

and
the

factor
to

getthe
upper

bound.

43
L

evy,40;
L

evy-R
2,

40.
T

he
phrase

"norm
al

approxim
ation"

refers
to

the
m

athem
atical

approxim
ation

o
fa

distribution
by

the
G

aussian
or

norm
al

distribution.
T

he
adjective

"norm
al"

refers
to

the
distribution

and
notto

the
action

o
fusing

the
approxim

ation.

44
L

evy,
37

and
L

evy-R
l,

37
for

exam
ple,

show
the

incorrectform
ula,

w
hich

w
as

used
in

a
very

large
num

ber
o

fcalculations.
O

nly
in

his
second

revised
report,

L
evy-R

2,
w

as
this

particular
m

istake
corrected.

T
he

errata
(L

evy-E
rrata2)

is
8

pages
long,and

as
far

as
1

can
tell,the

corrections
solely

involve
this

form
ula.

1
counted

m
ore

than
250

changes
to

num
erical

results
and

6
changes

to
form

ulas
and

text.

45
F

or
the

purposes
o

fth
is

analysis,M
andiant's

m
easures

are
taken

to
be

correct.
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population. 46
F

or
these

m
easures

the
average

in
the

population
is

know
n,

and
so

sam
pling

is
notrequired.

T
he

standard
error

o
fth

e
sam

ple
average

is
know

n
as

w
ell.

H
ow

ever,
to

testhow
w

ell
D

r.
L

evy's
confidence

interval
m

ethod
and

other
confidence

interval
m

ethods
w

orked,
I

directed
D

r.
V

andaele
and

colleagues
to

selecta
sim

ple

random
sam

ple
w

ith
replacem

entw
ith

the
sam

e
sam

ple
size

as
D

r.
L

evy,and
I

directed

thatthey
check

to
see

w
hether

the
confidence

interval
included

the
population

average.
I

had
them

repeatthis
procedure

10,000
tim

es
for

each
population,w

ith
independent

sam
ples

selected
each

tim
e.

A
tm

y
direction,

D
r.

V
andaele

and
colleagues

constructed

confidence
intervals

as
D

r.L
evy

did,
exceptthatthe

know
n

standard
error

w
as

used
in

place
o

fthe
estim

ated
standard

error,
and

they
tested

the
perform

ance
o

fthe
intervals.

If

the
theoretical

assum
ptions

held
perfectly,the

confidence
intervals

should
cover

the

population
average

about9,000
tim

es
out o

f
10,000

(or
90%

).
F

orthe
R

etrofitsam
ple,

the
coverage

rates
ranged

from
89.7%

to
92.5%

,47
and,

for
the

C
ritical

S
upportsam

ple,

the
coverage

rates
ranged

from
89.9%

to
91.5%

.48
T

hus,w
hen

the
confidence

intervals

w
ere

based
on

the
true

standard
error,their

perform
ance

w
as

fairly
consistentw

ith
w

hat

theory
predicts.

6.31.
A

third
m

istake
m

ade
by

D
r.L

evy
w

as
thatthe

critical
value

thathe
used

to

m
ultiply

the
estim

ate
o

fstandard
error

by
is

w
rong.

T
he

critical
value

thathe
chose

is

based
on

the
norm

al
or

G
aussian

distribution.
T

his
choice

w
ould

be
appropriate

ifth
e

assum
ptions

behind
the

norm
al

approxim
ation

hold
and

he
actually

knew
the

standard

error.
Ifth

e
assum

ptions
behind

the
norm

al
approxim

ation
hold,then

because
he

does

notknow
the

actual
standard

error
butonly

has
an

estim
ate

o
fit,

he
should

base
his

critical
value

on
the

"tdistribution"
or

"S
tudent's

t
distribution".49

T
o

use
the

norm
al

46
T

he
num

erical
m

easures
available

for
every

item
in

the
population

are
those

num
bered

101,
104-113,

115,
118,

121,
122,

125,
127,

130,
133,

135-138,and
142-144.

47
W

orksheet"E
xhibitC

"
in

"A
ll

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-labeled

SA
P-SPE-O

O
O

O
1O.

48
W

orksheet"E
xhibitD

"
in

"A
llE

xhibits.xls",
located

in
A

ppendix
5

and
B

ates-labeled
S

A
P

-S
P

E
-0000I0.

49
T

he
t

distribution
is

ofien
called

the
"S

tudent's
tOO

distribution
because

W
illiam

S
ealy

G
osset,the

author
o

fth
e

1908
paper

analyzing
the

distribution,w
rote

the
paper

under

S
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distribution
w

hen
one

should
instead

use
the

t
distribution

is
a

m
istake

thatcollege

freshm
en

and
even

high
school

statistics
students

are
taughtnotto

m
ake. so

T
he

im
pacto

f

this
m

istake
on

the
confidence

intervals
is

notas
large

as
the

im
pacto

fusing
the

incorrect

estim
ate

o
fstandard

error
(paragraph

6.24),although
fixing

the
m

istake
w

ill
im

prove
the

coverage
rates,

as
show

n
below

in
paragraph

6.34
and

T
ables

1
and

2.

6.32.
Y

et,
even

the
assum

ption
thatthe

sam
pling

distribution
is

the
t

distribution
can

be
a

bad
assum

ption
ifit

is
notappropriate

for
the

population
being

sam
pled.

S
tatisticians

are

taughtto
check

their
assum

ptions
and

notrely
on

an
assum

ption
justbecause

it
is

com
m

only
used.

F
or

exam
ple,C

ochran's
book

contains
a

discussion
on

"T
he

V
alidity

o
f

the
N

orm
al

A
pproxim

ation"sl
in

w
hich

he
points

out

"F
ailure

o
f

the
norm

al
approxim

ation
occurs

m
ostly

w
hen

the
population

contains
sorne

extrem
e

individuals
w

ho
dom

inate
the

sam
ple

average

w
hen

they
are

present."S2

"T
here

is
no

safe
general

rule
as

to
how

large
n

[the
sam

ple
size]

m
ust

be

for
use

o
f

the
norm

al
approxim

ation
in

com
puting

confidence
lim

its.
F

or

populations
in

w
hich

the
principal

deviation
from

norm
ality

consists
o

f

m
arked

positive
skew

ness,
a

crude
rule

that
1

have
occasionally

found

used
the

pseudonym
"S

tudent"
to

hide
the

fact
thathe

w
as

em
ployed

by
G

uinness
B

rew
ery,w

hich
did

notw
ant

its
em

ployees
publishing

papers.

so
For

exam
ple,the

introductory
statistics

courses
atthe

D
epartm

ento
fS

tatistics
at

N
orthw

estem
U

niversity
teach

this.
E

ven
high

school
statistics

courses
teach

students
to

accountfor
uncertainty

in
the

estim
ate

o
fstandard

error
by

using
the

tdistribution
instead

o
fw

h
atD

r.
L

evy
did,

w
hich

w
as

to
use

the
norm

al
or

G
aussian

distribution.
T

he
A

dvanced
P

lacem
entcurriculum

for
statistics,w

hich
can

be
found

at

http://apcentral.collegeboard.com
/apc/public/repositorylap08_statistics_coursedesc.pdf,

includes
the

t
distribution

(or
S

tudent's
t

distribution,
as

it
is

com
m

only
called)

in
section

I1I.D
.7

and
it

includes
confidence

intervals
for

the
population

average
(or

m
ean)

in
section

IV
.A

.6
o

fA
P

S
tatistics

C
urriculum

.

SI
C

ochran,39-44.

S2
C

ochran,44.
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useful
is

[the
sam

ple
size

should
exceed

25
tim

es
the

square
o

f
F

isher's

m
easure

o
fskew

ness]."
53

A
s

discussed
in

paragraph
6.5,1

see
no

evidence
thatD

r.
L

evy
heeded

such
cautions

in

this
analysis

or
even

tried
to

apply
C

ochran's
"crude

rule"
in

determ
ining

w
hat

size

sam
ple

to
use

or
deciding

w
hether

to
rely

on
the

norm
al

approxim
ation.

1
directed

D
r.

V
andaele

and
his

colleagues
to

use
S

A
S

®
to

com
pute

the
m

easure
o

fskew
ness

for
each

m
easure

in
each

population
as

w
ell

as
the

sam
ple,

and
sorne

o
fthe

skew
ness

m
easures

are

large. 54
F

or
exam

ple,
m

easures
104,

110,and
135

in
the

C
ritical

S
upportpopulation

had

skew
ness

coefficients
of8.7,

lO
A

,
and

10.7,
respectively,

in
the

population.
T

heir

corresponding
skew

ness
coefficients

for
the

sam
ple

did
notfully

revealthe
extent o

f

skew
ness

in
the

population
-

the
sam

ple
skew

ness
coefficients

w
ere

404,
1.7,and

5.6,

respectively.
O

ther
m

easures
in

the
C

ritical
S

upportsam
ple

thatw
ere

notavailable
for

the
population

had
large

sam
ple

skew
ness

coefficients
-

m
easure

124
had

a
skew

ness
o

f

12.3
and

m
easure

140
had

a
skew

ness
o

f
1504. 55

6.33
T

he
discussion

in
paragraphs

6.25-
6.32

show
a

num
ber

oftheoretical
problem

s

w
ith

D
r.L

evy's
confidence

intervals.
T

o
check

w
hether

the
problem

s
are

likely
to

im
pacthis

analyses,
1

directed
D

r.
V

andaele
and

his
colleagues

to
run

analyses
to

check

on
the

validity
o

fthe
confidence

intervals.
1

had
them

carry
outthe

sim
ulation,as

described
in

paragraph
6.30,and

check
how

ofien
the

confidence
intervals

constructed
by

D
r. L

evy's
m

ethod
covered

the
population

averages.
T

he
results

are
show

n
in

the
T

ables

1
and

2
for

the
R

etrofitand
C

ritical
S

upportpopulations,respectively.
T

he
m

easures
in

each
table

have
been

sorted
in

order
o

fthe
coverage

rates
w

hen
the

confidence
intervals

are
based

on
the

S
tudent's

t
distribution.

53
C

ochran,42.

54
W

orksheets
"E

xhibitE
",

"E
xhibitF

",
"E

xhibitG
",

"E
xhibitH

"
in

"A
llE

xhibits.xls",
located

in
A

ppendix
5

and
B

ates-labeled
SA

P-SPE-O
O

O
O

IO
.

55
W

orksheets
"E

xhibitE
"

and
"E

xhibitF
"

in
"A

ll
E

xhibits.xls",
located

in
A

ppendix
5

and
B

ates-Iabeled
SA

P-SPE
-O

O
O

O
IO

.
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6.34
A

ccording
to

D
r.

L
evy's

claim
s

for
his

procedure,the
confidence

intervals
should

coverthe
population

average
about

9,000
tim

es
outo

f
10,000

(or
90%

).
H

ow
ever,

for
the

R
etrofit

sam
ple,nota

single
coverage

rate
reached

90%
.

T
he

w
orstcoverage

rate
w

as

about60%
(m

easure
121),three

additional
coverage

rates
w

ere
under

80%
(at

77.8%
for

m
easure

110,78.0%
for

m
easure

107,and
79.9%

for
m

easure
113),

10
rates

w
ere

betw
een

80%
and

85%
,and

12
rates

w
ere

greater
than

85%
and

under
90%

.56
T

he
results

in
T

ables
1

and
2

show
thatthe

confidence
intervals,

w
hether

constructed
by

D
r.L

evy's

m
ethod

or
based

on
a

S
tudent's

t
distribution,

can
perform

far
w

orse
than

D
r.

L
evy

claim
s.

T
hat

is,the
confidence

intervals
are

supposed
to

have
only

10%
non-coverage

rates
butfor

the
R

etrofitpopulation
the

non-coverage
rate

rose
as

high
as

40%
and

for
the

C
ritical

S
upportpopulation

itrose
to

18%
.F

or
both

populations,
basing

the
confidence

intervals
on

the
S

tudent's
t

distribution,
w

hich
is

the
standard

approach,
gives

a
slight

im
provem

enton
the

m
ethod

thatD
r.L

evy
em

ployed
as

evidence
by

the
coverage

probabilities
tending

to
m

ove
closerto

90%
.

F
or

exam
ple,w

hen
the

confidence
intervals

w
ere

based
on

the
S

tudent's
t

distribution
instead

o
fthe

norm
al

distribution
as

D
r.L

evy

did,their
average

coverage
probability

increased
from

83.8%
to

84.4%
for

the
R

etrofit

and
increased

from
88.1

%
to

88.2%
for

the
C

ritical
S

upport.
H

ow
ever,using

the

S
tudent's

t
distribution

does
not

solve
the

larger
problem

,
w

hich
is

thatfor
sorne

m
easures

his
confidence

intervals
can

have
coverage

rates
that

are
m

uch
poorerthan

w
hat

D
r.

L
evy

claim
s.

T
his

pointapplies
w

ith
particular

force
to

his
confidence

intervals
for

the
m

easures
available

only
for

his
sam

ple,
because

their
coverage

rates
could

be
m

uch

less
than

the
90%

thatD
r.L

evy
claim

s.

56
W

orksheets
"E

xhibit1"
in

"A
H

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

S
A

P
-S

P
E

-0000I0.

S
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P
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O
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C
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M
e

a
su

re

121
110
107
113
109
135
108
137
104
111
112
106
133
122
143
105
127
118
125
136
142
144
115
101
130
138

average

C
overage

R
ate

(%
)

o
f

C
onfidence

In
te

rva
l

as
C

o
n

stru
cte

d
by

D
r.

Levy

59.9
77.8
78.0
79.9
81.5
81.8
81.9
82.0
82.2
82.2
82.6
82.9
83.1
84.3
86.8
87.7
87.9
87.9
88.1
88.1
88.4
89.0
88.2
88.9
89.0
89.4

83.8

C
overage

R
ate

(%
)

o
f

C
onfidence

In
te

rva
l

B
ased

on
S

tu
d

e
n

t's
t

D
istrib

u
tio

n

60.4
78.3
78.6
80.0
82.2
82.3
82.5
82.6
82.7
82.8
83.1
83.5
83.6
84.9
87.2
88.3
88.5
88.6
88.7
88.8
89.0
89.0
89.1
89.2
89.7
90.0

84.4

T
able

1.
C

onfidence
intervals'coverage

rates
for

averages

for
26

m
easures

in
the

R
etrofitpopulation

57

57
W

orksheets
"E

xhibit1","E
xhibit]",E

xhibitK
"

in
"A

H
E

xhibits.xls",
located

in
A

ppendix
5

and
B

ates-labeled
SA

P-SPE
-O

O
O

O
IO

.
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M
e

a
su

re

135
137
104
110
133
112
113
111
107
109
115
108
106
143
142
105
101
136
122
138
144
130
121
118
125
127

A
verage

C
overage

R
ate

(%
)

o
f

C
o

n
fid

e
n

ce
In

te
rva

l
as

C
o

n
stru

cte
d

by
D

r.
Levy

82.2
83.4
84.8
85.3
85.9
86.6
87.3
87.6
87.9
88.0
88.0
88.0
88.0
89.3
89.2
89.2
89.4
89.8
89.8
89.9
89.9
89.9
90.2
90.3
90.4
90.4

88.1

C
overage

R
ate

(%
)

o
f

C
o

n
fid

e
n

ce
In

te
rva

l
B

ased
on

S
tu

d
e

n
t's

t
D

istrib
u

tio
n

82.3
83.5
84.9
85.4
86.1
86.7
87.4
87.7
88.0
88.1
88.1
88.1
88.2
89.4
89.4
89.4
89.5
89.9
89.9
90.0
90.1
90.1
90.3
90.4
90.5
90.6

88.2

T
able

2.
C

onfidence
intervals'coverage

rates
for

averages

for
26

m
easures

in
C

ritical
S

upportpopulation
58

58
W

orksheets
"E

xhibitL
","E

xhibitM
",

E
xhibitN

"
in

"A
H

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

SA
P-SPE-O

O
O

O
1O.
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6.35.
T

o
recapitulate,

D
r.

L
evy

m
ade

a
hosto

ferrors
related

to
standard

errors
and

confidence
intervals.

H
e

used
the

w
rong

form
ula

for
estim

ating
standard

errors
for

his

estim
ator,he

offered
the

w
rong

interpretation
o

fconfidence
intervals,he

failed
to

check

the
validity

o
fhis

use
o

fthe
norm

al
approxim

ation
to

develop
his

confidence
intervals,

he

used
the

w
rong

m
athem

atical
distribution

to
form

his
confidence

intervals.
A

lthough
he

claim
s

thathis
confidence

intervals
have

90%
coverage

rates,
or

non-coverage
rates

o
f

10%
,

analysis
show

s
thatfor

sorne
m

easures
the

non-coverage
rates

are
m

any
tim

es

greater
than

claim
ed.

6.36.
D

r.
L

evy
found

that
sorne

o
fh

is
confidence

intervals
based

on
the

norm
al

approxim
ation

gave
ranges

thatextended
beyond

the
range

o
fpossibility.

It
is

w
ell

established
and,

D
r.L

evy
recognizes,thatcounts

cannotbe
negative

and
percentages

m
ust

lie
betw

een
0%

to
100%

.
D

r.L
evy

states
in

his
reportthat

"F
or

m
easure

140
for

the
C

ritical
S

upport,
o

f
the

238
observations

in
the

sam
ple,

...
[T

]he
form

ula
for

the
confidence

interval
based

on
the

norm
al

approxim
ation

w
ould

yield
a

low
er

bound
o

f
less

than
zero

...
F

or
m

easure

132,w
hich

is
the

ratio
ofm

easure
129

to
m

easure
120,the

standard
form

ula

for
the

confidence
interval

w
ould

yield
an

upper
bound

o
f

greater
than

100%
.,,59

G
iven

this
problem

,D
r.L

evy
used

an
analytic

m
ethod

know
n

as
the

bootstrap
to

constructalternative
confidence

intervals.
H

e
stated

that

"T
o

address
these

issues
that

can
occur

at
the

boundaries
(L

e.
close

to
O

in

the
case

o
f

a
count

variable
such

as
m

easure
140

or
beyond

O
or

1
for

a

proportion
m

easure
such

as
m

easure
132),

1
sam

ple
repeatedly

from
the

data
to

estim
ate

the
upper

and
low

er
bounds.

T
his

m
ethod

involves

59
L

evy,
40.

L
evy-R

2,page
40

notes
in

addition
that"[f]or

m
easure

124
for

C
ritical

S
upport,the

form
ula

for
the

confidence
intervalbased

on
the

norm
al

approxim
ation

yields
a

low
er

bound
ofless

than
zero."
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draw
ing

repeatedly
and

w
ith

replacem
ent

from
the

sam
ple

to
calculate

a

statistic
o

f
interest

in
each

o
f

the
sam

ples.
T

he
resulting

distribution
o

f

values
o

f
that

statistic
allow

s
the

estim
ation

o
f

the
upper

and
low

er

bounds.
M

y
m

ethodology
involves

10,000
repeated

draw
s

from
the

sam
ple

for
each

o
fth

ese
m

easures."

D
r.L

evy
cites

the
book

by
E

fron
and

T
ibshirani 60

to
provide

justification
o

fh
is

m
ethod.

6.37.
D

r.
L

evy's
reportfails

to
m

ention
thatthe

bootstrap
m

ethodology
he

uses
requires

thathe
selectthe

10,000
sam

ples
independently.

E
fron

and
T

ibshirani
m

ake
this

point

clearly."T
he

bootstrap
algorithm

begins
by

generating
a

large
num

ber
o

f

independentbootstrap
sam

ples...
,,61

"T
he

bootstrap
algorithm

w
orks

by
draw

ing
m

any
independentbootstrap

sam
ples ...

,,62

6.38.
D

r.L
evy's

10,000
bootstrap

sam
ples

w
ere

not
selected

independently.
It

is
easy

to

show
this.

1
directed

D
r.

V
andaele

and
his

colleagues
to

rem
n

the
S

A
S

®
program

D
r.

L
evy

used
for

his
bootstrap

analysis
butto

w
rite

outinterm
ediate

outputso
that 1

could

analyze
it. 63

E
ach

o
fh

is
sam

ples
consisted

o
fa

sim
ple

random
sam

ple
o

fsize
238

selected
w

ith
replacem

entfrom
his

original
sam

ple
o

f2
3

8
C

ritical
S

upport

U
pdateslF

ixes.
T

able
3,below

,
show

s
the

first
six

and
the

lastsix
selections

from
the

first
ten

o
fhis

bootstrap
sam

ples.
E

ach
selection

should
have

an
equal

chance
o

fbeing

60
B

radley
E

fron
and

R
obertJ.

T
ibshirani

(1993)
A

n
Introduction

to
the

B
ootstrap.

N
ew

Y
ork:

C
hapm

an
&

H
all

("E
fron

and
T

ibshirani"),
168-176.

61
E

fron
and

T
ibshirani,

13.

62
E

fron
and

T
ibshirani,46.

63
T

he
S

A
S

®
program

is
"repeat_sam

ple.sas"
in

the
folder

"S
A

S
C

ode",w
hich

is
contained

in
the

folder
O

R
C

L
X

-A
A

C
G

-000004,w
hich

is
contained

in
the

folder
O

R
C

L
X

-A
A

C
G

-003.
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any
num

ber
from

1
through

238,and
there

should
be

no
pattem

s
observable

in
the

data

aside
from

w
hat

one
m

ightobtain
by

chanceoR
ep

licatio
n

S
electio

n
1

2
3

4
5

6
7

8
9

10
1

52
96

140
184

228
34

78
122

166
210

2
115

108
101

94
87

80
73

65
58

51
3

147
4

99
194

52
147

4
99

194
51

4
62

124
186

10
71

133
195

19
80

142
5

233
214

196
177

158
140

121
102

84
65

6
234

226
219

212
205

197
190

183
175

168
233

18
171

86
1

155
70

223
138

53
207

234
179

69
196

86
213

103
230

120
9

137
235

192
105

18
169

82
233

146
59

210
123

236
135

209
44

117
190

25
98

171
6

79
237

104
156

209
24

76
129

182
234

49
102

238
14

147
42

174
69

202
96

229
123

18

T
able

3.
T

he
first

six
and

lastsix
item

s
selected

by
D

r.
L

evy
in

his
first

10
bootstrap

r
'

1
64

rep
IcatlO

n
sam

p
es.

6.39.
T

he
first

row
in

T
able

3
show

s
the

item
s

thatD
r.L

evy
selected

first
in

each
o

fth
e

10
replications.

In
the

first
replication,the

first
item

selected
w

as
num

ber
52,

in
the

second
replication

the
item

num
ber

w
as

44
higher,

at96;
in

the
third

replication
the

item

num
ber

w
as

again
44

higher,
at

140;
in

the
fourth

replication
the

item
num

ber
w

as
again

44
higher,

at
184;

in
the

fifth
replication

the
item

num
ber

w
as

again
44

higher,
at228.

In

the
sixth

sam
ple,the

item
num

ber
w

as
44

higher
again,provided

thatonce
w

e
reach

228

w
e

startcounting
all

over
again.

So,228
+

44
=

272;
subtract238

to
get34. 65

T
o

getthe

64
W

orksheet"E
xhibitO

"
in

spreadsheet"A
ll

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

SA
P-SPE-O

O
O

O
1O.

65
T

his
kind

o
farithm

etic
is

called
arithm

etic
m

odulo
238.

W
e

are
fam

iliar
w

ith
arithm

etic
m

odulo
12,w

hich
w

e
use

in
com

puting
tim

es
o

fday
ifw

e
do

notpay
attention

to
a.m

.
or

p.m
.

F
or

exam
ple,the

tim
e

that
8

hours
laterthan

10:00
is

6:00,w
hich

w
e

calculate
by

adding
8

and
10

to
get

18
and

then
subtract

12
to

get6.
In

D
r.

L
evy's

sam
ple,w

e
add

228
plus

44
to

get272,
and

then
w

e
subtract238

to
get34.

T
hus,

in
arithm

etic
m

odulo
238,the

num
ber

238
is

the
constantsuch

thatonce
w

e
reach

itw
e

start
counting

over
again

from
O

,just
like

12
is

the
constantfor

the
12-hour

clock.
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first
selections

in
replications

7,
8

,9
,

and
10

w
e

sim
ilarly

keep
adding

44
to

the
previous

item
selection

num
ber.

6.40.
L

ooking
atthe

second
row

in
T

able
3

w
e

see
a

sim
ilar

pattem
,w

ith
the

second

selection
in

each
o

freplications
2

through
10

being
obtained

by
subtracting

7
from

the

item
num

ber
selected

in
the

previous
replication

-
exceptthatthe

item
num

ber
for

replication
8

is
obtained

by
subtracting

8
from

the
selection

in
replication

7,
L

e.,
65

=
73

-
8.T

he
difference

does
notreflecta

break
in

pattem
,

but
represents

rounding,
as

described
in

the
nextparagraph.

6.41.
D

r.
L

evy
determ

ined
his

item
selections

by
first

generating
"random

"
num

bers

betw
een

O
and

1
(butnot

including
1),then

m
ultiplying

his
random

num
bers

by
238,and

then
dropping

any
decim

alparts.
F

or
exam

ple,the
first

random
num

ber
generated

w
as

0.2211;
m

ultiplying
by

238
yields

52.6
=

0.2211
x238,

and
dropping

the
decim

al
part

yields
52.

T
his

process
yields

num
bers

betw
een

O
and

237;
this

point
is

further
discussed

in
paragraph

6.43.
T

he
pattem

s
in

the
underlying

"random
"

num
bers

are
exact.

T
able

4

show
s

the
random

num
bers

underlying
the

item
num

bers
in

T
able

3.
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R
ep

licatio
n

S
electio

n
1

2
3

4
5

6
7

8
9

10
1

0.2211
0.4060

0.5910
0.7760

0.9609
0.1459

0.3309
0.5158

0.7008
0.8857

2
0.4862

0.4563
0.4264

0.3965
0.3666

0.3367
0.3068

0.2768
0.2469

0.2170
3

0.6192
0.0190

0.4189
0.8187

0.2185
0.6183

0.0182
0.4180

0.8178
0.2176

4
0.2646

0.5240
0.7834

0.0428
0.3022

0.5616
0.8210

0.0804
0.3398

0.5992
5

0.9804
0.9020

0.8236
0.7452

0.6668
0.5884

0.5100
0.4316

0.3532
0.2748

6
0.9845

0.9537
0.9230

0.8923
0.8616

0.8308
0.8001

0.7694
0.7387

0.7079
233

0.0767
0.7204

0.3641
0.0078

0.6515
0.2952

0.9389
0.5826

0.2263
0.8700

234
0.7562

0.2919
0.8275

0.3632
0.8989

0.4346
0.9702

0.5059
0.0416

0.5772
235

0.8094
0.4436

0.0778
0.7120

0.3462
0.9804

0.6146
0.2488

0.8830
0.5172

236
0.5711

0.8782
0.1852

0.4923
0.7994

0.1065
0.4136

0.7207
0.0278

0.3348
237

0.4377
0.6590

0.8802
0.1015

0.3227
0.5440

0.7653
0.9865

0.2078
0.4290

238
0.0620

0.6194
0.1767

0.7341
0.2915

0.8489
0.4062

0.9636
0.5210

0.0784

T
able

4.
T

he
random

num
bers

under1ying
the

first
six

and
lastsix

item
s

selected
by

D
r.

L
evy

in
his

first
10

bootstrap
replication

sam
ples.

66

In
the

first
row

o
fT

able
4,the

random
num

ber
for

each
replicate

from
2

through
10

is

obtained
by

adding
0.184963

to
the

num
ber

for
the

previous
replicate

(allow
ing

for

rounding
error

in
the

table),but
ifthe

sum
is

1
or

greater
then

1
is

subtracted.
T

hat
is,

thatthe
random

num
ber

for
replication

5
is

0.9609,
and

adding
0.184963

to
0.9609

yields

1.1459;this
exceeds

1,so
1

is
subtracted

to
yield

0.1459
=

1.1459
-

1. 67
T

he
sam

e

process
m

ay
be

applied
to

every
row

to
yield

the
"random

num
ber"

for
every

replication

after
the

first.

6.42.
T

hus,
D

r.
L

evy's
bootstrap

sam
ples

are
flaw

ed
in

thatthey
are

not
independentas

required
by

the
bootstrap

m
ethodology.

6.43.
Itappears

to
m

e
based

on
the

inform
ation

thathas
been

produced
thatD

r.
L

evy's

bootstrap
sam

pling
w

as
flaw

ed
in

an
additional

w
ay

as
w

ell.
T

he
10,000

sam
ples

he

generates
for

his
bootstrap

analysis
should

all
have

the
sam

e
num

ber
o

fselections

66
W

orksheet"E
xhibitP

"
in

"A
ll

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

SA
P-SPE

-O
O

O
O

IO
.

T
o

enhance
readability,

the
num

bers
in

T
able

4
are

show
n

to
only

4
decim

al
places.

T
he

first
6

num
bers

in
the

first
row

are,to
6

decim
al

places,
0.221077,

0.406040,0.591002,0.775965,0.960927,0.145890.

67
T

his
is

arithm
etic

m
odulo

1.
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(counting
duplicates),

specifically
238.

H
ow

ever,
his

sam
ples

often
have

few
er

than
238

selections.
I

asked
D

r.
V

andaele
and

his
cO

lleagues
to

tabulate
the

sam
ple

sizes
for

the

first
20

o
fthe

10,000
sam

ples
generated

by
D

r.L
evy.

T
he

tabulations
show

thatonly
7

had
238

selections
and

the
other

13
had

few
er

than
238

selections,and
in

fact
one

o
fth

e

sam
ples

had
only

233
selections. 68

69
T

he
reason

for
this

is
clear.

A
s

noted
in

paragraph

6.41,he
generated

item
num

bers
to

include
in

the
bootstrap

sam
ple

by
m

ultiplying
his

random
num

ber
betw

een
O

and
1

by
238,

yielding
num

bers
betw

een
O

and
237.

H
ow

ever,the
item

s
in

D
r.

L
evy's

original
sam

ple
are

num
bered

from
1

to
238

notfrom
O

to
237.

Itappears
based

on
the

inform
ation

provided
that

som
etim

es
his

procedure
w

ould

indicate
that

item
O

should
be

selected
for

the
bootstrap

sam
ple

-
there

is
no

item
O,

how
ever,

and
in

those
cases

his
sam

ple
w

ould
sim

ply
be

sm
allerthan

238,w
ith

the

shortage
equalto

the
num

ber
o

ftim
es

item
num

ber
O

w
as

designated
for

selection.
I

directed
D

r.
V

andaele
and

his
colleagues

to
tabulate

how
m

any
o

fthe
10,000

sam
ples

each
o

fth
e

238
item

s
w

as
selected

into.
Item

O
w

as
selected

into
about

63%
o

fth
e

sam
ples,and,

logically,
because

there
is

no
item

O
it

follow
s

that63%
o

fth
e

sam
ples

w
ere

o
fsize

sm
aller

than
238

item
s

(including
duplicates).70

6.44.
U

nderstanding
the

m
ethod

by
w

hich
he

generates
his

10,000
sam

ples
for

his

bootstrap
analysis

leads
us

to
see

another
tlaw

in
his

procedure
as

w
ell.

A
s

noted
in

paragraph
6.43,

he
generated

item
num

bers
to

include
in

bootstrap
sam

ple
by

m
ultiplying

his
random

num
ber

betw
een

O
and

1
by

238,yielding
num

bers
betw

een
O

and
237.

T
his

suggests
that

item
238

w
ould

not
be

selected
for

any
o

fth
e

10,000
sam

ples.
A

s
one

68
W

orksheet"E
xhibitQ

"
in

spreadsheet"A
ll

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

SA
P-SPE-O

O
O

O
1O.

69
It

is
m

y
understanding

thatP
laintiffs

produced
additionallog

files
from

D
r.

L
evy,

bates
labeled

O
R

C
L

X
-A

A
C

G
-000008

through
O

R
C

L
X

-A
A

C
G

-000012,
after

the
close

o
f

business
central

standard
tim

e
on

M
arch

2,2010.
A

s
noted

in
S

ection
3.3,due

to
m

y
pre­

planned
travel

out
o

fth
e

country,I
have

notbeen
able

to
receive

or
review

these
log

files.
I

w
as

provided
an

excerpt o
fth

e
repeat_sam

ple.log
file

from
O

R
C

L
X

-A
A

C
G

O
O

O
O

ll
created

by
D

r.
V

andaele
and

his
colleagues

w
hich

is
located

in
A

ppendix
6

and
B

ates­
labeled

SA
P-SPE-O

O
O

O
11

through
S

A
P

-S
P

E
-000031.

M
y

review
o

fthis
inform

ation
suggests

thatthe
log

file
data

further
supports

the
position

stated
aboye.

70
W

orksheet"E
xhibitR

"
in

"A
ll

E
xhibits.xls",

located
in

A
ppendix

5
and

B
ates-Iabeled

SA
P-SPE-O

O
O

O
1o.
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w
ould

expect,
notone

o
fth

e
10,000

sam
ples

generated
by

D
r.

L
evy

includes
item

num
ber

238. 71

6.45.
In

sum
m

ary,D
r.

L
evy's

m
ethod

for
selecting

bootstrap
sam

ples
appears

to
be

seriously
flaw

ed
in

three
w

ays.
F

irst,
each

bootstrap
sam

ple
w

as
supposed

to
be

a
sim

ple

random
sam

ple
w

ith
replacem

entfrom
his

original
sam

ple
o

f2
3

8
item

s,
butas

discussed

in
paragraph

6.43
one

item
(item

238)
had

no
chance

o
fb

ein
g

selected.
S

econd,
each

bootstrap
sam

ple
w

as
supposed

to
have

238
item

s,
butas

discussed
in

paragraph
6.43

sorne
o

fthe
sam

ples
w

ere
sm

allerthan
that.

T
hird,

his
bootstrap

sam
ples

w
ere

supposed

to
be

selected
independently

o
feach

other,
but

as
discussed

in
paragraphs

6.36
through

6.42,
D

r.
L

evy's
bootstrap

sam
ples

w
ere

notselected
independently,as

required
by

the

bootstrap
m

ethodology.

6.46.
T

hese
flaw

s
could

be
detected

because
P

laintiffs
provided

the
com

puter
program

s

used
to

selectthe
sam

ples,and
the

m
aterials

provided
w

ere
sufficientfor

D
efendants

to
at

leastreplicate
the

sam
pling

procedures
and

understand
how

they
w

ere
carried

out.

6.47.
R

eturning
to

the
m

atter
o

fth
e

generation
o

fconfidence
intervals

using
the

bootstrap,
the

bootstrap
is

nota
panacea.

F
or

exam
ple,the

textby
E

fron
and

T
ibshirani

on
w

hich
D

r.L
evy

relies
for

his
bootstrap

m
ethodology72

contains
an

em
pirical

exam
ple

w
here

the
bootstrap

m
ethod

w
as

tested
againsta

know
n

population.
In

the
exam

ple,the

bootstrap
m

ethod
favored

by
D

r.
L

evy
w

as
used

to
generate

a
95%

confidence
interval,

w
hich

im
plies

thatonly
5%

o
fthe

confidence
intervals

should
faH

to
include

the

population
value.

H
ow

ever,
the

failure
rate

for
the

intervals
w

as
tw

ice
that-

10%
o

fth
e

intervals
did

notcover
the

population
value. 73

71
W

orksheet"E
xhibitR

"
in

"A
H

E
xhibits:xls",

located
in

A
ppendix

5
and

B
ates-labeled

S
A

P
-SPE-O

O
O

O
1O.

72
L

evy,
40,

footnote
47.

73
E

fron
and

T
ibshirani,

175,T
able

13.3.
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6.48.
T

o
recapitulate,

D
r.

L
evy

attem
pted

to
use

a
m

ethod
know

n
as

the
bootstrap

to

im
prove

his
confidence

intervals.
A

s
D

r.
L

evy
intended

to
use

it,the
m

ethod
involves

taking
the

original
sam

ple
as

if
itw

ere
the

population,sam
pling

repeatedly
and

independently
from

it
according

to
the

original
sam

ple
design

to
generate

a
large

num
ber

o
festim

ates,and
then

constructing
an

interval
from

the
observed

distribution
o

fthe

estim
ates.

D
r.

L
evy

did
provide

docum
entation

o
fth

e
process

by
w

hich
he

selected
those

sam
ples,and

a
num

ber
o

ferrors
are

apparent,
including

failure
to

m
ake

his
sam

ples

independent o
feach

other,failure
to

generate
constantsize

sam
ples,and

failure
to

see

thatthe
sam

ples
w

ere
selected

according
to

his
original

sam
ple

designo

6.49.
E

ven
w

ith
allthe

flaw
s

in
his

constructions
o

fth
e

confidence
intervals,the

levels

o
fsam

pling
error

thathe
reports

can
be

quite
large.

D
r.

L
evy's

ow
n

estim
ates

o
fthe

level
o

fsam
pling

error
are

quite
high

for
sorne

m
easures.

H
e

reports
90%

confidence

intervals
for

estim
ates

thathe
calculates

from
his

sam
ple

and
he

defines
the

"precision

range"
as

the
difference

betw
een

the
upper

end
o

fh
is

interval
m

inus
the

low
er

end
o

fh
is

interval,
expressed

as
a

percentage
o

fh
is

estim
ate. 74

A
sm

all
precision

range
is

desirable,

and
a

large
precision

range
is

not
desirable.

F
or

a
num

ber
ofm

easures,as
show

n
in

T
able

5,the
precision

range
as

calculated
from

the
data

in
his

report
is

about
100%

or

m
ore.

74
L

evy-R
2,

12
defines

precision
range

as
follow

s:
"In

order
to

design
the

sam
ple

size,
she

decides
to

use
a

90%
confidence

level
and

a
20%

precision
range;

that
is,

she
w

ants
to

be
able

to
say

that
ifshe

sam
pled

from
this

population
repeatedly,

90%
o

fthe
tim

e
the

true
num

ber
o

fcom
puters

w
ould

be
w

ithin
plus

or
m

inus
10%

o
fher

result."
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D
r.

Levy's
E

stim
ates

S
ource

in
Levy-R

2

Low
er

U
pper

Low
er

U
pper

8
0

u
n

d
(%

8
0

u
n

d
(%

P
recision

P
age

M
easure

E
stim

ate
8

0
u

n
d

8
0

u
n

d
o

fE
stim

ate)
o

fE
stim

ate)
R

ange
T

able
N

um
ber

R
etrofit

P
opulation

114
1631

699
2564

43%
157%

114%
10A

28
119

604
321

887
53%

147%
94%

12A
31

139
903

368
1439

41%
159%

119%
9A

26
140

396
203

590
51%

149%
98%

9A
26

141
1300

586
2013

45%
155%

110%
9A

26

C
ritical

S
upport

P
opulation

M
easure
114

65
23

107
35%

165%
129%

1
0

8
29

119
16

3
30

19%
188%

169%
1

2
8

31
124

319
49

683
15%

214%
199%

1
3

8
32

139
37

11
63

30%
170%

141%
9

8
26

140
8

O
25

0%
313%

313%
9

8
26

141
45

16
74

36%
164%

129%
9

8
26

T
able

5.P
recision

range
and

other
m

easures
o

fsam
pling

error
for

selected
m

easures
in

D
r.

L
evy's

analysis. 75

7.
D

r.
L

ev
y

's
O

m
issions

7.1.
D

r.
L

evy's
w

ork
is

m
arred

by
a

num
ber

o
fom

issions.
O

ne
om

ission,
w

hich
lim

its

his
ability

to
m

ake
generalizations

from
his

analysis,
is

that
he

did
notattem

ptto
design

a

sam
ple

from
U

pdates
or

F
ixes

other
than

P
eopleS

oft
H

R
M

S
payroll

tax
and

regulatory

U
pdates

o
r

F
ixes.

T
his

reflects
an

apparently
conscious

choice
thatputs

lim
its

on
the

inferences
thatcan

be
draw

n
from

his
analysis

-
no

statistical
inferences

about
U

pdates
or

F
ixes

other
than

P
eopleS

oftH
R

M
S

payroll
tax

and
regulatory

U
pdates

or
F

ixes
can

be

supported
by

his
analysis.

75
In

T
able

5,the
estim

ates,
low

er
bound,

and
upper

bound
w

ere
taken

from
D

r.
L

ev
y

's
report

in
the

locations
show

n
atthe

righto
fth

e
tableo

T
o

ca1culate
the

low
er

bound
and

upper
bound

as
a

percentage
o

fth
e

estim
ate,

I
divided

the
low

er
and

upper
bounds

reported
by

D
r.

L
evy

by
the

estim
ate

reported
by

D
r.

L
evy

and
I

expressed
the

ratio
as

a
percentage.

C
onsistentw

ith
D

r.
L

evy's
specifications,the

precision
ranges

are
equal

to
the

upper
bound

m
inus

the
low

er
bound

expressed
as

percentages.
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7.2.
1

see
nothing

in
D

r.
L

ev
y

's
report

show
ing

that
he

validated
o

r
checked

the
quality

o
fth

e
data

that
M

r.
M

andia
provided

to
him

for
use

in
his

w
ork.

D
r.

L
evy

relied

com
pletely

on
M

r.
M

andia's
data

in
all

phases
o

fhis
w

ork.
A

ny
flaw

s
in

the
m

easures

given
by

M
r.

M
andia

to
D

r.
L

evy
w

ill
transm

itthrough
D

r.
L

ev
y

's
analysis

and
can

affect

his
results.

7.3.
D

r.
L

evy
apparently

did
notconsider

better
sam

ple
designs

than
sim

ple
random

sam
pling,

let
alone

sim
ple

random
sam

pling
w

ith
replacem

ent.
F

o
r

exam
ple,because

D
r.

L
evy

had
inform

ation
for

a
large

num
ber

(26)
o

fm
easures

for
every

item
in

the

population,
he

could
have

stratified
item

s
according

to
those

m
easures

and
selected

a

stratified
sam

ple.
C

ochran
says

quite
clearly

that "[i]fintelligently
used,

stratification

nearly
alw

ays
results

in
a

sm
aller

variance
for

the
estim

ated
m

ean
o

r
total

than
is

given

by
a

com
parable

sim
ple

random
sam

ple.,,76
It

is
hard

to
believe

that
D

r.
L

evy
w

ould
not

be
aw

are
o

fthe
possibility

that
one

can
reduce

the
standard

error
one

achieves
from

a

given
size

sam
ple

by
choosing

a
better

design,
buthe

does
attem

pt
to

contradictC
ochran

w
hen

he
m

akes
the

incorrectclaim
that

"T
h

e
statistician

has
no

influence
over

the
standard

error
found

in
a

sam
ple

o
f

a
given

size.
T

he
standard

error
o

f
the

sam
ple

is
sim

ply
a

characteristic
o

f
the

sam
ple

she
has

draw
n

that
reflects

the
variability

in

the
sam

ple
o

fa
given

size.',77

7.4.
A

m
ost

significantom
ission

by
D

r.
L

evy
w

as
his

failure
to

keep
track

o
fexactly

how
he

selected
his

sam
ples

o
f

C
ritical

S
upportand

R
etrofit

U
pdates/F

ixes.
P

laintiffs

provided
the

outcom
es

o
fhis

sam
ple

selection
-

the
item

num
bers

designated
for

inclusion
in

the
sam

ple
-

butthey
did

notprovide
docum

entation
o

fth
e

process
by

w
hich

the
sam

ples
w

ere
selected.

T
he

inform
ation

does
not

allow
us

to
duplicate

the
w

ay
the

76
C

ochran,p.
99.

T
he

variance
is

the
square

o
fth

e
standard

error,
so

reducing
one

is
equivalentto

reducing
the

other.

77
L

evy
13,

note
32.
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item
num

bers
w

ere
chosen

for
the

sam
ple.

T
here

is
a

substantial
variety

o
fflaw

s
in

D
r.

L
evy's

selection
o

fsam
ples

for
his

bootstrap
analysis.

In
addition,

his
C

ritical
S

upport

sam
ple

is
far

from
w

hatw
ould

tend
to

arise
from

sam
pling

from
the

C
ritical

S
upport

population
ifth

e
sam

ple
w

as
in

fact
selected

w
ith

sim
ple

random
sam

pling
as

he
claim

s
it

w
as.

T
ogether,

these
issues,

coupled
w

ith
the

fact
thatD

r.
L

evy's
reportand

supporting

m
aterials

do
notadequately

docum
entthathis

sam
ple

w
as

actually
selected

w
ith

sim
ple

random
sam

pling
as

he
claim

s,
raise

significantquestions
aboutthe

validity
o

fD
r.

L
evy's

sam
ple

selection
procedures

for
his

sam
ples

o
fC

ritical
S

upportand
R

etrofit

U
pdates/F

ixes.

8.
D

r.
L

evy's
O

pinions

8.1.
D

r.
L

evy
does

notalw
ays

stick
to

reporting
the

facts
o

fh
is

analysis,
buthe

also

offers
opinions

based
on

his
analysis,particularly,

but
notexc1usively,

in
his

E
xecutive

Sum
m

ary.78
F

or
exam

ple,
he

w
rites

"M
r.

M
andia

also
gathered

inform
ation

to
understand

C
ontam

ination
22

o
f

O
bjects

and
E

nvironm
ents.

O
ne

m
easure

to
capture

this
inform

ation,

w
hich

w
as

counted
for

the
entire

population
o

f
F

ixes
for

R
etrofit

and
for

C
ritical

S
upport,

is
the

percentage
o

f
instances

in
w

hich
custom

ers

received
a

F
irstD

eliverable
thatw

as
contam

inated
based

on
M

r.
M

andia's

analysis
o

f
O

bjects.
F

or
R

etrofit
F

ixes,
89.75%

o
fth

e
tim

e
that

custom
ers

received
a

F
irst

D
eliverable,

that
deliverable

w
as

contam
inated

based
on

M
r.

M
andia's

analysis
o

f
O

bjects
found

in
D

elivered
U

pdates
and

F
ixes.

T
his

sam
e

m
easure

for
C

ritical
S

upport
F

ixes
show

s
that

93.72%
o

f
the

tim
e,

custom
ers

received
a

F
irst

D
eliverable

that
w

as
contam

inated
based

on
M

r.
M

andia's
analysis

o
f

O
bjects

found
in

D
elivered

U
pdates

and

fixes.,,79

H
e

also
w

rites

78
L

evy-R
2,

1-6.

79L
evy-R

2,
5.

H
is

footnote
22

reports
his

understanding
of"C

ontam
ination".
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"M
easures

128,
129,

131
and

132
are

reported
w

ith
a

90%
confidence

interval
[in

the
tables].

M
easure

131
show

s
that

in
instances

in
w

hich

custom
ers

received
a

first
deliverable

R
etrofit

F
ix,

83.92%
o

f
the

F
irst

D
eliverables

w
ere

contam
inated

based
on

O
bject

analysis.
T

his
sam

e

m
easure

for
the

C
ritical

S
upportF

ix
population

is
99.12%

.,,80

T
hese

are
m

isleading
statem

ents
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R
eport

on
the

1990
T

rial.
S

tanford:
N

ational
A

cadem
y

ofE
ducation,

1991.

A
40

"E
ligibility/E

xc1usion
Issues

in
the

1990
T

rial
S

tate
A

ssessm
ent".

Pp.
19-49

in
A

ssessing
StudentA

chievem
entin

the
States:

B
ackground

Studies.
S

tudies
for

the
E

valuation
o

f
the

N
A

E
P

T
rial

S
tate

A
ssessm

ent
C

om
m

issioned
for

the
N

ational
A

cadem
y

ofE
ducation

P
anel

R
eporton

the
1990

T
rial.

S
tanford:

N
ational

A
cadem

y
o

fE
ducation,

1991.

A
41

*
"P

opulation
F

orecasts
as

a
D

atabase"
Journalo

fO
fficialStatistics

7
295-310,

1991
G

oint
w

ith
Juha

A
lho).

A
42

"S
hrinkage

W
eights

for
U

nequal
P

robability
S

am
ples",

P
roceedings

o
fth

e
A

m
erican

StatisticalA
ssociation,

Survey
R

esearch
Section,

1991
(w

ith
T

heodora
C

ohen).

A
43

"A
ccuracy

o
f

1990
C

ensus
U

ndercountE
stim

ates
for

the
P

ostcensal
E

stim
ates",

P
roceedings

o
fth

e
A

m
erican

StatisticalA
ssociation,

Survey
R

esearch
Section,

(w
ith

M
ary

M
ulry).

A
44

*
"O

n
C

om
paring

D
istributions

o
fP

overty
G

aps"
Sankhya,

Series
B

,
54

114-126,
1992

(w
ith

S
tephen

F
isher).

A
45

"A
ccuracy

o
fU

ndercountE
stim

ates
for

the
1990

C
ensus",

1992
A

nnualR
esearch

C
onference

P
roceedings,

U
.S.

B
ureau

o
fth

e
C

ensus,
pp.

3
-

17
(w

ith
M

ary
M

ulry).

A
46

"A
S

tudy
ofE

ligibility
E

xclusions
and

S
am

pling:
1992

T
rial

S
tate

A
ssessm

ent".
Pp.

1-68
in

The
T

rialState
A

ssesssm
ent:

P
ropsects

a
n

d
R

ealities:
B

ackground
Studies.

S
tudies

o
fth

e
N

ational
A

cadem
y

ofE
ducation

P
anel

on
the

E
valuation

o
fth

e
N

A
E

P
T

rial
State

A
ssessm

ent:
1992

T
rial

S
tate

A
ssessm

ent.
S

tanford:
N

ational
A

cadem
y

ofE
ducation,

1992.
A

47
"E

valuating
A

ccuracy
o

fP
opulation

E
stim

ates
for

S
m

all
A

reas",
P

p.
27-36

in
Sm

allA
rea

Statistics
a

n
d

Survey
D

esigns
V

olum
e

11:
C

ontributed
papers

and
panel

discussion.
W

arsaw
:

C
entral

S
tatistical

O
ffice,

1993
(w

ith
M

ary
M

ulry).
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A
48

"D
iscussion

ofG
erm

ain-Julien
and

F
ay-T

hom
pson",

1993
A

nnualR
esearch

C
onference

P
roceedings,

U
.S.

B
ureau

o
fth

e
C

ensus,
pp.

92
-

95.

A
49

*
"A

ccuracy
o

fth
e

1990
C

ensus
and

U
ndercountA

djustm
ents",Journal

o
fth

e
A

m
erican

StatisticalA
ssociation

88
1080-1091,

1993
(w

ith
M

ary
M

ulry).

A
50

*
"P

ancarcinom
a

T
/T

n
A

ntigen
D

etects
H

um
an

C
arcinom

a
L

ong
B

efore
B

iopsydoes
and

Its
V

accine
P

revents
B

reast-C
arcinom

a
R

ecurrence.A
nnals

o
fT

h
e

N
ew

Y
ork

A
cadem

y
o

f
Sciences

690355-357,
1993

(w
ith

S
pringer,

G
.F.,

D
esai,

P.R
.,T

egtm
eyer,H

.,
S

canlon,
E

.F
.)

A
51

*
"S

ensitivity
o

fB
enefit-C

ostA
nalysis

o
fD

ata
P

rogram
s

to
M

onotone
M

isspecification".
Journal

o
fStatisticalP

lanning
a

n
d

Inference
39

19-31,
1994.

A
52

"O
ptim

ally
W

eighted
M

eans
in

S
tratified

S
am

pling".
P

roceedings
o

fthe
A

m
erican

StatisticalA
ssociation,

Survey
R

esearch
Section,

863-866,
1994

(w
ith

Jiahe
Q

ian).

A
53

"E
valuating

A
ccuracy

o
fP

opulation
S

tatistics
for

S
m

allA
reas",

Statistics
in

T
ransition,

D
ecem

ber
1994

(w
ith

M
ary

M
ulry).

A
54

*
"T

/T
n

A
ntigen

V
accine

Is
S

age
and

H
ighly

E
ffective

in
P

reventing
R

ecurrence
o

f
A

dvanced
B

reastC
arcinom

a".
InternationalJournal

o
fO

n
co

lo
g

y
5

372-373,#C
-l

(w
ith

S
pringer,

G
.F

.,D
esai,

P.
R

.,
and

T
egtm

eyer,
H

.)

A
55

"A
djusting

for
N

oncoverage
ofN

ontelephone
H

ousehods
in

the
N

ational
Im

m
unization

Survey".
P

roceedings
o

fthe
A

m
erican

StatisticalA
ssociation,

Survey
R

esearch
Section,

678-689,
1995

(w
ith

M
.P

.
B

attaglia,D
.J.

M
alec,

D
.C

.
H

oaglin,
and

J.
S

edransk).

A
56

*
"T

/T
n

antigen
vaccine

is
effective

and
safe

in
preventing

recurrence
o

fadvanced
breast

carcinom
a".

C
ancer

D
etection

a
n

d
P

revention
19

374-380
(w

ith
S

pringer,
G

.
F.,D

esai,
P.

R
.,

T
egtm

eyer,
H

.,
C

arlstedt,
S.

C
.

and
S

canlon,E
.

F.).

A
57

*
"T

he
P

ractical
S

pecification
o

fth
e

E
xpected

E
rror

ofP
opulation

F
orecasts",

Jo
u

rn
a

lo
f

O
fficialStatistics

13
203-226,

1997
(w

ith
Juha

A
lho).

A
58

*
"A

C
onversation

w
ith

I.
R

ichard
Savage",StatisticalScience

14
126-148,

1999
(w

ith
S

am
pson,A

llan.
R

.
and

S
avage,I.

R
ichard)

A
59

*
"S

am
pling-B

ased
A

djustm
ento

fth
e

2000
C

ensus
-

A
B

alanced
P

erspective",Jurim
etrics

40,341-356,2000
(w

ith
A

nderson,M
.,

D
aponte,

B
.

O
.,F

ienberg,
S.E

.,
K

adane,J.
B

.,
and

S
teffey,D

.
L

.).

A
60

*
"A

n
A

pproxim
ate

D
esign

E
ffectfor

U
nequal

W
eighting

W
hen

M
easurem

ents
M

ay
C

orrelate
w

ith
S

election
P

robabilities",Survey
M

ethodology
26

137-138,2000.
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A
61

A
ccuracy

a
n

d
C

overage
E

valuation:
O

verview
o

fT
o

ta
lE

rror
M

odeling
and

L
oss

F
unction

A
nalysis.

D
S

S
D

C
ensus

2000
P

rocedures
and

üperations
M

em
orandum

S
eries

B
-19.

W
ashington,

D
.C

.:
U

.S
.

C
ensus

B
ureau,2001

(w
ith

M
.

H
.

M
ulry)

A
62

"L
oss

F
unction

A
nalysis

for
A

.C
.E

.
R

evision
11

E
stim

ates
o

fC
ensus

2000
C

overage
E

rror",
P

roceedings
o

fthe
A

m
erican

StatisticalA
ssociation,

Survey
R

esearch
Section,

2966-2971,2003
(w

ith
M

.
H

.
M

ulry
and

R
.

S.Z
uW

allack)

A
63

StatisticalIssues
in

A
llocation

F
unds

by
F

orm
ula.

P
anel

on
F

orm
ula

A
llocations,

T
hom

as
A

.
L

ouis,T
hom

as
B

.
Jabine,

and
M

arisa
G

erstein,eds.
W

ashington,D
.C

.:
N

ational
A

cadem
y

P
ress,2003.

(as
P

anel
m

em
ber)

A
64

M
easuring

International
Trade

on
uso

H
ighw

ays.
P

anel
on

B
ureau

ofT
ransportation

S
tatistics

InternationalT
rade

T
raffic,N

ational
R

esearch
C

ouncil,2005.
(as

P
anel

m
em

ber)

A
65

"1.R
ichard

S
avage",International

E
ncyclopedia

ofStatisticalSciences,
2

nd
ed.

W
iley:

N
ew

Y
ork,

2005,
vol.

11,7440-7443
(w

ith
M

yles
H

ollander,A
llan

S
am

pson,Jayaram
S

ethuram
an).

A
66

"Investigation
o

fE
xtrem

e
E

stim
ates

o
fC

ensus
C

overage
E

rror
for

S
m

all
A

reas",
P

roceedings
o

fth
e

Survey
R

esearch
M

ethods
Section,

W
ashington,

D
.C

.:
A

m
erican

S
tatisticalA

ssociation,
2005,

3414-3421
(w

ith
M

.
H

.
M

ulry,
E

.
S

chindler,T
.

M
ule,N

.
N

guyen).

A
67

*
"E

stim
ating

the
A

ccuracy
o

fJury
V

erdicts",Journalo
fE

m
piricalL

egalStudies
4,

305­
329,2007.

A
68

"V
erdicton

V
erdicts:

S
tatistical

M
easurem

ento
fth

e
A

ccuracy
o

fJury
V

erdicts",
Pp.

2089-2099
in

P
roceedings

o
fth

e
A

m
erican

StatisticalA
ssociation,

[C
D

-R
üM

],
A

lexandria,
V

A
:

A
m

erican
S

tatisticalA
ssociation,

2007.

A
69

Surveying
V

ictim
s:

O
ptionsfor

C
onducting

the
N

ational
C

rim
e

V
ictim

ization
Survey,

R
obertM

.
G

roves
and

D
aniel

L
.

C
ork,E

ditors,
P

anelto
R

eview
the

P
rogram

s
o

fth
e

B
ureau

o
fJustice

S
tatistics,N

ational
R

esearch
C

ouncil.
W

ashington
O

C
:

N
ational

A
cadem

y
P

ress,2008.
(as

P
anel

m
em

ber)

A
70

"D
irectE

stim
ates

A
s

a
D

iagnostic
for

D
ual

S
ystem

E
stim

ators
B

ased
on

L
ogistic

R
egression".

P
p.

1751-1758
in

P
roceedings

o
fth

e
Survey

R
esearch

M
ethods

Section,
[C

D
-R

üM
],

A
lexandria,

V
A

:
A

m
erican

S
tatisticalA

ssociation,
2008.

(w
ith

M
.

H
.

M
ulry,

T
.

M
ule,N

.N
guyen).
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A
71

E
nsuring

the
Q

uality,
C

redibility,
and

R
elevance

o
fU

S
.

Justice
Statistics,

R
obertM

.
G

roves
and

D
anielL

.
C

ork,E
ditors,P

anelto
R

eview
the

P
rogram

s
o

fth
e

B
ureau

o
f

Justice
S

tatistics,N
ational

R
esearch

C
ouncil.

W
ashington

D
C

:
N

ational
A

cadem
y

P
ress.

(as
P

anel
m

em
ber)

P
resentations

"B
enefit-C

ostA
nalysis

o
fthe

C
ensus",

K
ennedy

S
chool

o
fG

overnm
ent,

H
arvard

U
niversity,

1978.

"B
enefit-C

ostA
nalysis

o
fthe

C
ensus",G

raduate
S

chool
o

fB
usiness,U

niversity
o

fC
hicago,

1978.

"B
enefit-C

ostA
nalysis

o
fD

ata
U

sed
to

A
llocate

F
unds",U

.S.
L

ibrary
ofC

ongress,
1979.

"B
enefit-C

ostA
nalysis

ofD
ata",E

nergy
Inform

ation
A

dm
inistration,

U
.S.

D
epartm

ento
f

E
nergy,

1979.

"B
enefit-C

ostA
nalysis

o
fD

ata
U

sed
to

A
llocate

F
unds",R

esearch
C

onference
on

P
ublic

P
olicy

and
M

anagem
ent,

C
hicago,

1979

"Im
plications

o
fE

quity
and

A
ccuracy

for
U

ndercountA
djustm

ent:
A

D
ecision-T

heoretic
A

pproach",
U

.S.
B

ureau
o

fth
e

C
ensus

C
onference

on
C

ensus
U

ndercount:
P

roceedings
o

fth
e

1980
C

onference,A
rlington,

1980.

"A
n

E
valuation

o
fP

ostcensal
P

opulation
E

stim
ation

M
ethods

for
S

ubstate
A

reas",
A

nnual
M

eeting
o

fth
e

P
opulation

A
ssociation

o
fA

m
erica,

D
enverca

1980.

"B
enefit-C

ostA
nalysis

o
fD

ata
U

sed
to

A
llocate

F
unds",D

epartm
entofS

tatistics,
U

niversity
o

f
C

hicago,
1980.

"S
m

all-A
rea

E
stim

ates
ofP

opulation
and

Incom
e",D

em
ography

w
orkshop,

U
niversity

o
f

C
hicago,

1981.

"Issues
o

fA
ccuracy

and
E

quity
in

A
djusting

for
C

ensus
U

ndercount",
A

nnual
M

eetings
o

fth
e

A
m

erican
S

tatisticalA
ssociation,

H
ouston,

1981.

"B
enefit-C

ostA
nalysis

o
fD

ata
P

rogram
s",N

um
erical

D
ata

A
dvisory

B
oard,N

ational
R

esearch
C

ouncil,
1982.

"F
easibility

ofB
enefit-C

ostA
nalysis

ofP
ublic

D
ata",A

nnual
M

eetings
o

fth
e

A
m

erican
S

tatisticalA
ssociation,

S
ocial

S
tatistics

S
ection,

W
ashington,

D
.C

.,
1982.

"D
istribution

ofF
ederal

B
enefits

A
ccording

to
S

tatisticalF
orm

ulas:
D

iscussion
ofP

aper",
A

nnual
M

eetings
o

fth
e

A
m

erican
S

tatistical
A

ssociation,
W

ashington,
D

.C
.,

1982.

"M
odels

for
D

ata
U

se:
Im

plications
for

M
anagers",A

m
erican

S
tatisticalA

ssociation,
C

hicago
C

hapter,
1983.

"T
est

S
cores

as
S

ocial
S

tatistics",S
tanford-B

erkeley
Q

uantitative
M

ethods
S

em
inar,U

niversity
o

fC
alifornia,B

erkeley,
1984.

"U
ncertain

P
opulation

F
orecasting",B

iostatistics
W

orkshop,
S

tanford
U

niversity,
1984.
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"B
enefit-C

ostA
nalysis

o
fD

ata
P

rogram
s",

S
tatistics

D
epartm

ent,
S

tanford
U

niversity,
1984.

"C
onfidence

Intervals
for

P
opulation

F
orecasts",M

orrison
R

esearch
S

em
inar

(D
em

ography),
S

tanford
U

niversity,
1984.

"T
ow

ard
C

onducting
B

enefit-C
ostA

nalyses
o

fD
ata

P
rogram

s",A
nnual

M
eetings

o
fth

e
A

m
erican

S
tatisticalA

ssociation,P
hiladelphia

1984.

"S
im

plifying
C

om
plex

S
am

ples
w

ith
the

B
ootstrap"

A
nnual

M
eetings

o
fth

e
A

m
erican

S
tatistical

A
ssociation,P

hiladelphia,
1984.

"B
enefit-C

ostA
pproaches

to
D

esigning
L

ongitudinal
Studies",

S
ocial

S
cience

R
esearch

C
ouncil,

W
ashington,

D
.C

.
1984.

"O
rdinal

M
easurem

entand
S

ocial
S

tatistics",A
nnual

M
eeting

o
fthe

A
m

erican
E

ducational
R

esearch
A

ssociation/N
ational

C
ouncil

on
M

easurem
entin

E
ducation,

C
hicago

1985.

"T
est

S
core

D
ecline:

W
hatand

H
ow

W
ell

D
oes

ItM
easure?"

A
nnual

M
eetings

o
fth

e
A

m
erican

S
tatisticalA

ssociation,L
as

V
egas,

1985.

"C
onceptual

Issues
in

M
easuring

Im
provem

entin
P

opulation
E

stim
ates",U

.S.
B

ureau
o

fth
e

C
ensus,

S
econd

A
nnual

R
esearch

C
onference,

1986.

"B
enefit-C

ostA
nalysis

o
fD

ata
P

rogram
s",

S
tatistics

C
anada,

O
ttaw

a,
1986.

"S
am

pling
P

roblem
s

in
M

erging
a

C
ross

S
ectional

and
a

L
ongitudinal

Program
",P

lanning
C

onference
on

the
N

ational
A

ssessm
entofE

ducational
P

rogress
and

the
L

ongitudinal
S

tudies
P

rogram
,

C
enter

for
E

ducation
S

tatistics,
U

.S.
D

epartm
entofE

ducation,
1986.

"O
n

B
enefit-C

ostA
nalysis

o
fD

ata
P

rogram
s",

Intem
ational

S
ym

posium
on

M
ethodological

A
spects

ofE
m

pirical
S

ociological
R

esearch,
Institute

for
S

ociology,U
.S

.S
.R

.
A

cadem
y

ofS
ciences,M

oscow
,

U
.S

.S
.R

.,
O

ctober
1988.

"O
n

the
A

ccuracy
ofE

stim
ates

ofN
um

bers
ofIntravenous

D
rug

U
sers

in
the

U
nited

States",
N

ational
O

pinion
R

esearch
C

enter,D
ecem

ber
1988.

"E
stim

ation
ofS

am
pling

P
robabilities

for
T

enth
G

rade
S

chools
in

N
E

L
S

:88",N
ational

C
enter

for
E

ducation
S

tatistics,
June

1989.

"U
se

ofE
xpertO

pinion
in

M
ortality

F
orecasting",

P
anel

on
A

ctive
L

ife
E

xpectancy,
U

niversity
ofC

hicago
M

edical
S

chool,July
1989.

"T
otal

E
rror

in
D

ual
S

ystem
s

E
stim

ates
o

fP
opulation",U

niversity
o

fC
hicago

S
tatistics

D
epartm

ent,A
pril

1990.

"E
rror

in
T

rue
V

alues",Intem
ational

C
onference

on
M

easurem
entE

rrors
in

S
urveys,T

ucson,
A

rizona,N
ovem

ber
11-14,

1990.

"T
otal

E
rror

in
P

E
S

E
stim

ates
ofP

opulation",Journal
o

fth
e

A
m

erican
StatisticalA

ssociation
Invited

A
pplications

P
aper,annual

m
eetings

o
fA

m
erican

S
tatistical

A
ssociation,

A
tlanta,

A
ugust

1991.

"T
otal

E
rror

in
D

ual
S

ystem
s

E
stim

ates
ofP

opulation",N
ortheastem
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