Notation for Finite Population Mixed Models

30-1

Notation for Mixed Models for Finite Populations

Units and Response

s=1..,N
y, for s=1..,N
X, for s=1..,N

X, for s=1,..,N, k=1..p

Simple Population

Unit Labels
Expected Response (over replicated measurements)
Regression variables (Luz Mery)

Auxiliary variables for unit s (Wenjun)

2 =X — 4 for s=1.,N, k=1..,p Auxiliary variable deviation from mean for unit s

z,, for s=1,...,N

Expected Response (over replicated measurements)(notation

used with auxiliary information) (Wenjun)

N
w, for s=1,..,N where > w, =1 Weight for unit s.

s=1
2
Ws _ N(Xs _/ux)
2
Zl(xs _lux)

Yus = W, Y for s=1,...,N

X =ﬁ for s=1,...,N

X

yo =y’ for s=1,...,N

e, =Y, —(A+Bx,)

bs — yS _ﬂy
Xs — Hy
With Measurement Error
k=1..r

W, or W,(if r,=1)for k=1,..,r,
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Weight for regression parameter (Luz Mery)

Weighed expected response for unit s

Regression approach (Luz Mery)

Regression approach (Luz Mery)

Lack of fit in regression approach (Luz Mery)

Slope for unit s based on connecting population means (Luz

Mery)

Index for replication

Measurement error for k™ replication of unit s
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W, or W, (if r,=1) for k=1,..,r, Measurement error for k" replication on the unit in position i

Yo =Y, +W, for k=1,..,r, Measurement for k" replication.

Yok = W, Yq Weighted response for k™ replication of unit s

Conventions:
Use the subscript R for vectors when the only random component is measurement error.

Use the subscript pos for expectation over position measurement error  (Luz Mery)
Use the subscript &, for expectation over measurement error on units in clusters.
Use the subscript &, for expectation with respect to permutations of units in a cluster.
Use the subscript & for expectation with respect to permutations of the clusters.

Use the subscript & for expectation with respect to permutations of the units of a simple

population.
Use the subscript S for expectation with respect to permutations of the units of a
simple population (Luz Mery).
Use a super-script *  for vectors when units and measurement error are random.

Use an over-script Y, =U,y, when random variables are expanded.

Vectors

y =( A )) =(Y, Y, - Yu )' Expected response vector (with respect to measurement)
(%)= (X Xp - Xy )’ Auxiliary response for unit s (Wenjun)
(X X - Xy) Aucxiliary response (Luz Mery)

(
(
()
V() =(¢ % ) Auilary response (Luz Mery)
((2)
(

Z, = (st ):(ZOS le Zps),
z =( zZ, ))
w=((w))=(w w, - w) Vector of weights
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y, = ((yws)) =Yoo Yuz = Yan )' Expected weighted response vector (with respect to
measurement)

Yo=((Ys)=(Yu Ya - Yue ) Measured response vector (for r, =1 forall s=1,..,N),

Yo =((Yes)) = Yome Yo - Yon )' Measured weighted response vector (for r, =1 for all
s=1..,N),

W=((Wy))=(Wy Wy oo Wy, ) Measurement error vector (for r, =1 forall s=1,..,N),

a General vector of parameters.

e, Constant vector with 1 in position i and zero elsewhere

Parameters and Constants

N
T, = N 1 . Z C Average remaining coefficient when predicting a mean using auxiliary
i=n+1
variables
N
o, =ﬁ > (¢, -T, )2 Used in EMSE of Regression Predictor (Luz Mery)
L B
f :% Sampling fraction (Wenjun) (but this may be defined differently in 2-stage sampling)
13 I
e WZ Y, Usual definition
s=1
13 I . - . .
u, = WZ} A Definition used with auxiliary variables, regression.
1 N 0 -
My =ﬁ; Y, Regression problem (Luz Mery)
U, = %z Xq Definition used with single regression problem
s=1

A=u,—Bpu, Regression intercept
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> (1))

B= Regression parameter for association. (Luz Mery)

N
ZX—,UX

s=1

LS () or
_N—15= ys ,U

N
—Nl lZ(YS —/ly)2 Regression problem (Luz Mery)
Tds=l
N ) )
oy NIEPAURY Regression problem (Luz Mery)
s=1
2= ZN: - )2 Regression problem (Luz Mery)
% TN1 Sl(ys Hy 9 P y

N
oy = LZ(yS — ) (X — 44, ) Regression (Luz Mery)

N-1 s=1
1 Gyoe
Oy —m;(ys H )(X ~ i)
O,
— Xy
pxy - oo
X7y
var (W, )= o2, Measurement error variance associated with unit s
var, (V\7ik) =0} Measurement error variance (e.g. interviewer, laboratory)
associated with position i (Ed)
var (V\7i ) =67 Measurement error variance associated with position i (Luz
Mery)
2 1 2 2
O, = Wzase (Ed)
s=1
L, 13,
roh :WZ% (Luz Mery)
s=1

cluster-notation2007.doc  2/1/2007 5:12 PM 4



Notation for Finite Population Mixed Models 30-5

1 N
G2 == X0l (Luz Mery)
N s=1
1
O-\f/e :W szo-sze
s=1
2
k= 20 5 Random permutation shrinkage constant for simple random
o +o,
sampling with unit measurement error where r, =1 forall s=1,..,N.
~ 0'2
ki=——— Random permutation shrinkage constant for simple random
O +Gi|_
sampling with position measurement error where r, =1 for all
s=1..,N (Ed).
0_2
ki =——— Partially conditional random permutation shrinkage constant for simple
o’ +o,

random sampling with position measurement error where r, =1 for all

s=1..,N (Ed).

Constant for Reg with unit measurement error (Luz Mery)

k* = Regression problem (Luz Mery)

ki =— Constant for Reg with Position error (Luz Mery)

k' =— Used by Luz Mery for Regression

D*=(N-n)c, +n(1+k")c,  Constant for Regression with measurement error (Luz Mery)

D= (N-n)c, + Zci (l+ Ri) Constant for Regression with position error (Luz Mery)

i=1
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N
ol =u (@ffeJui Measurement error variance associated with the unit realized in position i.
S=

N
(Notice that we could define o7 =u] (69 afe)ui +0 , which seems better.)

s=1

Vectors and Matrices

o - 0
1 0
I, = N
00 -1
1
1
1, = s
1
1 1
1 1
J, =11 = A
11 .-1
a o0 0
0 a, -~ 0 ' . )
D,=| . 7 . . |wherea=((a))=(a a - a). Adiagonal matrix.
0 O a,
D_.an N xN diagonal matrix with elements &2 on the diagonal.
Pa:Ia—EJa
a
Pab:Ia_lJa
b
I, 0 : :
=lo p Used to subtract mean in regression (Luz Mery)
N

N N
A :i(ca ysjPN (@Bl ysj where we note that o” =1, A1, and o’ =w'Aw

1 e,
L =( : j used to collapse an partition random variables, such as { j =| 77T T T T T T
I I ((N 0) IN_nj®1'N
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K . . . .
K =( ! ] used to partition random variables into samples, remainder, such that
1]

1, ®(In 0 )
KI nxN-n . .
( J =] S | inregression (Luz Mery)
K, L® 0 I
(N=n)xn n
g'=(g g constants to determine “target’
c=(c| ¢)) Constants to determine target with auxiliary variables (Wenjun).
¢,=((c))=(c, ¢, - ¢ )' Partitioned constants for sample (Wenjun)
C =((¢))=(c, ¢, - ¢, )' Partitioned Constants to define regression target (Luz Mery)
¢y =((Cui))=(Cpus Cpp - Cy ) Partitioned constants for remainder (Wenjun)
Cy =((cni))=(Cpus Crz = Cy )' Partitioned Constants to define regression target (Luz Mery)
C, =(c O’HM)' Partitioned linear combination for sample with auxiliary
variables (\Wenjun)
C, :(c], OEan)M) Partitioned linear combination for remaining with
auxiliary variables (Wenjun)
e =(e, e) Partitioned version of indicator vector for position i.
G, = (1; 0, )’ Expression similar to design matrix with auxiliary sample random variables
g =(C O;M)' Partitioned linear combination for sample with regression (Luz
Mery)
G, = (I’N_n 0(’an)9) Expression similar to design matrix for remainder random variables.
G; =G'K{ Sample linear combination to define target by Viviana
G; =G'K; Remainder linear combination to define target by Viviana
1 .
= () =y 2% (Wenjun)
s=1
mo=(n, 0,) (Wenjun)
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n=(u, u) (Luz Mery)
1 Q ' oy, Oy
X=——-> (z,—p,)z,—n,) =
N—lszzll( ) Z)( ) Z) (ny z,
0'5 O'Xy . A
X= ) Variance matrix (Luz Mery)
o, Oy
4 _[on op ; ;
Y =( . ; ] Inverse variance for regression used by Luz Mery
Oun Oxn
Oy = (ny1 Op, " Oy, )
EX = ((O-xkxk, ))
Py =6 Ei6, [0 Squared multiple correlation coefficient of Y on X
B= E;loyx = ( B B ﬂp) Regression parameters between response and auxiliary variables

Bo=y,—u,sothat y,=pu+p, and p=(8, B, - By )' (Double definitions?).

Permutation Random Variables-

i=1..,N Position in the permutation.
U, for i=1..,N;s=1..,N Indicator of selection of unit s in position i.
u, for i=1...,N;s=1..,N Realization of the random variable U, for a permutation
N
S, = ZUiSs for i=1..,N Random variable representing label for unit in position i
s=1
N
Y, = ZuisyS for i=1,..,N Random variable representing expected response for unit in
s=1
position i
N
Y, = ZUiS Y. for i=1..N Random variable representing expected weighted response
s=1
N
X, = ZUinS for i=1..,N Regression approach (Luz Mery)
s=1
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X, —u

X-OZ i X
T N-1)o?

Yo=Y X!

N
YiJr = zuis (ys +Ws)
=1

N ~
Y=Y+ u W, or Y=Y, W,

s=1
Yi<>+ — Yi+ x i()

N
Yi: :ZUiSYsk or Yi*
s=1

or W, =UW
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Regression approach (Luz Mery ¢ =star)

Regression approach (Luz Mery ¢ =star)

Response for the unit in position i (for r, =1 for all

s=1,...,N) when there is measurement error (Luz

Mery).

Partially conditional response (Ed) (Double definitions!)

Regression approach (Luz Mery ¢ =star)

Response for the unit in position i (for r, =1 for all

s=1,...,N ) when there is measurement error (Ed).

Response for the unit in position i when there is

position (i.e. interviewer) error

Replication error for the unit in position i (for r, =1

for all s=1,...,N)

Measurement error associated with Position (i.e.

interviewer) for the unit in position i.

Regression problem (Luz Mery)

Realization of the vector U, .



Notation for Finite Population Mixed Models 30-10

Expanded Random Variables

Y, =U.y, for i=1..,N and s=1..,N Random variable representing for unit s and position i

IS

in a permutation.

Y =U Yy for i=1..,N and s=1,..,N Random variable representing response for unit s and

is " sk

position i in a permutation.

W, =UW, for i=1..,N and s=1..,N  Random variable representing measurement error for

is” "sk

k™ replication for unit s and position i ina

permutation.

- ! \/ N
Yi:((Uisys)):(Ui1Y1 Uy, - UnYy) OrYiz(szlys)Ui

?i*:((uis(ys+Wsk))):(uil(y1+wlk) Ui (Y, +Wo ) -+ Uiy (Y +WNk))'

er e (N
ory =Y+ :(GB(ySJFWsk)jUi where r, =1 forall s=1,..,N

!
*
I
<
D
o
—_—
=
<
st
*
SN—
o
=
't
*
I
<
D
o
—
A/~
1®=
—~~
<
w
+
%
N—
N—
<
| I

is” "sk

W:((UW )):(Uilwlk U Wy, - UiNWNk)
s=1..,N

Collapsed Random Variables

L used to collapse random variables, as for example in LY = (A®B)?
Y=((Y))=(Y, Y, - Y,) or Y=Uy

Y, = ((YWi )) =Yy Yo = Yun )' or Y=Uy
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7 =Uz
VA =vec(Y+ X)

Z =vec(§~{ X)

E =vec(E, E,)

E =Y -1, 4,
Ey =§~(—1N,uy
Ex :X_IN:ux

Sample and Remainder

!

Y;:k) or Y=Y+W" when r, =1 forall s=1,...,N (Ed)
YN*)' or Y'=Y+UW when r,=1 forall s=1,..,N (Luz Mery)

Regression problem with position error, (Luz Mery)

!

Yv:Nk ), Yv: z((Yv:ik))z(ijlk Y\;zk Yv:Nk)
W,:k)' or W =UW when r,=1 forall s=1,...,N

V\7N) when r, =1 forall s=1,...,N, position measurement error (Luz

Mery)

Regression problem with measurement error (Luz Mery)
Regression problem with position error (Luz Mery)
Residual in regression (Luz Mery)

Measurement error (unit) called Response Error (Luz Mery)
Measurement error (position) (Luz Mery)

Deviations from mean (Luz Mery)

i=1..,n Sample

Y, = ZYi Sample total of Expected Respons

Remainder total

Y, = ZYk Sample total of Measured response where when r, =1 forall s=1,...,N
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Y, = Z Y, Remainder total of Measured response where when r, =1 forall s=1,...,N
i=n+1
Yo =2 Y Sample total for weighted expected response
i=1
N
Yo = Z Yoi Remainder total for weighted expected response
i=n+l
Yor = Yuic Sample total weighted measured response when r, =1 forall s=1,...,N
i=1
* N *
Yo = Z Yo Remainder total weighted measured response when r, =1 forall s=1,...,N
i=n+1
_ 1y
Y, = HZYi Sample average
i=1
_ 1
Y, = DY, Remainder average
N n i=n+1
o 1 - . .
Xy = Xy Sample mean of auxiliary variable (Wenjun)
i=1
X, = lz X, Sample mean for one auxiliary variable (Luz Mery)
N3
A _1 Y, or Y° Sample average of Measured response where when r, =1 forall s=1,...,N
Nz
Vi 1 N *
Y, =N_n Z Yo Remainder average of Measured response where when r, =1 for
NS
all s=1,..,N
A —lef Sample mean for Regression predictor with unit measurement error (Luz
N5
Mery)
v O+ 1 x O+ H
Y, =HZYi Regression problem (Luz Mery)
i=1
Vectors
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!

Y|:((ys))=(y1 Y, - yn)

!

yII:((ys)):(yml Yoz yN)

ywlz((yws)):(ywl Yoz yWn)’

Yo =(() = (Vs Yoo Y )

Yo =((Ya))=(Y Yoo - Vo)

Yor =((Ya)) = (Yo Youns YNK)'

Yor =((Yos) = (Yo Yom -+ Yome)

Vi = (Vo) = (Vo Yoima = Youo)
Yi=(()=(% ¥, V)

Yo =((Y))=(Y, Y, Y,) used by Viviana
Y, =((%))=(Your Yoo Yy)

Y. =((%,))=(Yps Yo, - Yy)  usedby Viviana

where Y,*z(In 0 )Y* when r, =1 for

all s=1,..,N

Vi =((Y))= (Yoo Yooy - YN*k)' where Y,j:(mg)xn INn)Y* when r, =1 for
all s=1,..,N

Yo = ((Y)) = (Vs Yor Yon)

You = (%)= (Y Yoy = You)

Yo =((Yo))=(Youe Yome = Yome)

Yo =((Yow)) = (Yoo Yoo Yka)'
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Z01 Z11 Zpl
Z Z Z
A P where Z,=(1, 0 )z
ZOn Zln an
ZO,n+1 1,n+1 Zp,n+1
z z z
ZR _ 0,:n+2 1,:n+2 pln+2 Where ZR :( 0) IN_an
ZO,N Zl,N Zp,N
Z, =vec(Z) Sample (Wenjun)
Z, =vec(Zy) Remainder (Wenjun)
Z, =K,RZ" Sample random variables in regression (Luz Mery)
Z,=K,RZ" Remainder random variables in regression (Luz Mery)
Z|:(~1 Y~2 Y~n :(xl_ﬂx) (Xz_,ux)

Mery)

Expected Values, Targets, Predictors

=g
YII
g=cyY=>"cY,
6=G'Y
0=G.y
T=cY=)"cY,

A~

Target in problems with a simple population

Target in problems with auxiliary variables, by Wenjun.
Target in domain problems, by Viviana

Alternative target in domain problems, by Viviana

Target in regression problem with error by Luz Mery

P=(g +a")Y, Best linear unbiased predictor of target

P= wZ, Best linear unbiased predictor of target with auxiliary variables (Wenjun)
T = (g, +a")Z; Regression predictor (Luz Mery)

a’ Constants to determine to optimally predict the target

(X, —,ux)) Regression with position error (Luz

f (a’;‘) =a'Via-2g,V, a+g,V,g, +2(aX, g, X, )2

A LaGrangian multipliers
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~ gy -1 [ -1 -1 ' ’ -1

V=V, 6, (GV6 ) (G -GV Y, )l
, Min EMSE constants with auxiliary

_ 1,

= NC, ((1— f) j

1
n

!
| —B'®
| n

B -1 -1
A=|VIoVIX, (X,'V,’IX,) X,'V,l}V,,“g“ VX, (X,’V(lx,) X,'g, Min EMSE constants
1 . 1
a=| o, ®{ D 1, —(1— k*)CI }+E,, oy |®1, Min EMSE constants for regression with
T n - o2
error (Luz Mery)
1 1

a=| o ®{%( Ei*jln—{éci(l—lzi)}ln}+6,, o, |®1, Regression (Luz Mery)

P>

i i=1 Xy

2
(o2

X X

1]
[iN

0" =G (Vg = Vae Vs Vg )G + G (X = Vs Vo™X ) (Vs Vs Vi )’l(xR ~ Ve Vi'X( )G, M-optimal

var(k'é*) < var(k’f)) M-optimality criteria for 0, a linear, unbiased predictor

Y. X . .
E (YS j = (XS j[& Expected value used by Viviana for domain problems
R R
Y, X
EﬁR L J ) [ I ja
Y|| X||
(YI ] VI VI,II ]
var, =
Y|| Vll | VII
Y V. V. ] . .
var| =] % F Variance used by Viviana for domain problems.
YR VRS VR
w5 %)
arg| L l=] . !
Yll Vll Al VII
_Yi VI* VI VI,II
var | Y, [=| Vi Vv,
Y|| VII | VII,I VII

*

VRI = VI* _VI
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v, =1, (0'2 +o? —iJnOJ
N
0
0

1

Vr=2®mN+[
Mo

j&j I, Regression partitioned variance (Luz Mery)

10
V,=ZQ®P, ., J{O Oj&j ®1I,_, Regression variance (Luz Mery)

Vi = Nl):@l“l;“ i Regression variance (Luz Mery)

Other Terms Defined for Predictors

=@vw)wi
a=(X'V )XVW

a

@*w)wi

= Z nk Weighted sample mean with measurement error associated with position
i=1 ~
j=1
i = Z nki Y Weighted sample mean for partially conditional RP model with measurement
i=1 .
j=1
error
n k_<>
M. =D, ———=Y,""  Regression problem (Luz Mery)
| oy n
j=1
n k_O

Hy, = Z[n—' X. Regression problem (Luz Mery)

O' = . . .
=Y, -2 (X, —,ux) Mean used in MSE for Regression Estimator of Luz Mery

X

2
X

~ _ O, _
B"=N {Yi“ - (X, —,uX):I Regression problem (Luz Mery)
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. o,
B=N {uﬂm —%(,uxl —yx)} Regression problem (Luz Mery)

X

0'50 (l— ,oxzy0 )

k= Regression problem, (Luz Mery)
O_ioz +ol (1_,020)
y Xy
N
o’? = Zuisxgzgsze Regression problem (Luz Mery)
s=1

Clustered/Stratified Population

Units and Response

s=1..,N Cluster Labels (used by Ed)

t=1.., M, Unit label for cluster s (used by Ed)
j=1..,J Stratum labels (used by Viviana)

;= {1,2,~-, Nj} Unit labels for stratum j (used by Viviana)
i=1..,1 Domain label in each stratum

N; Number of units in domain i in stratum j

N
0= Z M, Number of units in the population

Index for replication
Expected Response for unit t in cluster s

Expected Response for unit k in stratum j

W Weight for the unit in position j in cluster s (Ed)
W, =W Weight in special case that all position weights are equal in cluster s (Ed)
W, for s=1..,N;t=1..,M_; k=1..r, Response error. for k" replication of unit t

in cluster s
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Yoo = Yo +W, for k=1, Response for k" replication of unit t
in cluster s

Vectors

Y, :((yst)):(ySl Y, - ysMs) Expected response for units in cluster s

g =((yjk)) =(yjl Yo o yij) Expected response for units in stratum j (Viviana)

y= ((y’s))' =(yi ¥, - Vi )' Expected response for all units and clusters.

g = ((gst)) = (851 &y v gsMs) Deviation of unit t from expected value of cluster s

£= ((a’s))' =(g & - & )' Vector of deviations of units from cluster expected
values

W, =((Wy)) =Wy W -+ W) Response error vector (for r, =1 forall t=1,..,M)
for cluster s

W = ((st))' =(W W, - W )' Response error vector for all units and clusters (for

r,=1 forall s=1..,N; t=1..,M,).

Parameters and Constants

m, Sample size for cluster s (Ed)

n, Sample size for stratum | (Viviana)

f = I\r;

K, :(In i nx(gﬂ))@(lm i mx(h(/:l’m)) Matrix to form sample response vector when M, =M for
all s=1,...,N

Matrix to form remainder response vector when M, =M

forall s=1,...,N
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K:(K; : K, ),

X, =K X
N
X, = {%ln ®(6_L)1wsmsﬂ Used for sample in Partially collapsed unequal size model (Ed)

Xu =K||X

= Used for remainder in Partially collapsed unequal size model (Ed)

Y ®(<i>w (M, —m ))
N W (M —m;
g =c'®1/ Two-stage unbalanced problem (Ed)
g =Kg
g =c¢ ®1; Coefficients for partially expanded sample (Ed)
g =K,g

g, =(c, ®1; | c'®1y) Coefficients for partially expanded remainder (Ed)

g :(gi,n : g;,n)

IN—n
G, Constants to define target in stratified domain problem for sample (Viviana)
G Constants to define target in stratified domain problem for remainder (Viviana)
e z{ei'l ! € J
1xn | 1><(N—n)
g = ((gij)) =(0s 9 - Ow) Constant multiplier to define target when M_ =M for all
s=1..,N
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g =((gi))' (g g - g Constant multiplier to define target
b=((b))=(b, b, - by ) Vector of constants to define target
b’ = (b[ | b, j
xn | x(N-n)
1 &
m :M_Z Yy, Mean for cluster s (Ed)
s t=1
d, =MW,z Used in partially collapsed unequal cluster sizes (Ed)
1
B :N_Z Yic Mean for stratum j (Viviana)
j k=1
1 N
/u - N élus
Po=ps— 1
Eq = Vs — Mg so that Yo = H +ﬂs + &y
1 & 2
2
o' =—— -
N 1;(;@ 1)
2 1 s 2 . . .
iy 1Z(ySt — 1) Variance of units in cluster s (Ed)
s +=t=1
*9 1_ f M WZO-2 - -
Vg, = . - st - Used in partially collapsed expanded unequal cluster (Ed)
2 1 2 . . e
ol =3 1Z(y“‘ — ;)" Variance of units in stratum j (Viviana)
j T k=l
2 1 N 2 - -
o, = WZO'S Average unit variance over clusters
s=1
1 &
G! YR o Average replication variance over units in cluster s
s t=1
2 1 N & 2
o, =——— (o
r NMség st
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Notation for Finite Population Mixed Models 30-21

Other Variances for Other Mixed Model Predictors

c
k,=—
Vi
52
2
0.
Vo =87+
mi
S VA"A
i T
D1l
i=1
2
K m,o
i 2 2
mo° +o;
2
. o
oc?=0?-—=
M
0_2
p =
P oot+o!
O_Z
P = : 2
o; +o,
k* _ ma
mo™ +(o? +07 )
mo 2
k = 2 2
mo’ + o,

variance for mixed model predictors

Weight for variance in mixed model predictors

Shrinkage constant for mixed model predictor

Variance of cluster means for Scott and Smith predictor

Variance for Scott and Smith’s predictor

Weight for variance in Scott and Smith’s predictor

Shrinkage constant for Scott and Smith’s predictor

Variance parameter defined for random permutation model

Intra class correlation of clusters

Intra class correlation of units with replication error

Random permutation shrinkage constant with replication error where

M,=M and m,=m forall s=1,...,N

Random permutation shrinkage constant for 2-stage cluster sampling with no

measurement error where M, =M and m,=m forall s=1,...,N.
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. mo "’ + 0'92 . . .

K =—F——" Additional random permutation shrinkage factor when where M, =M and

mo ° + o, +0o;

m,=m forall s=1..,N
d 2

Ki=——"——5 Partially collapsed unequal cluster constant (Ed)

di+(N-1)v_
_ 1
k = WZKS Average using partially collapsed unequal cluster constant (Ed)

s=1

N (11—
k: =k, k1 (1 ki*jds* Constant for partially collapsed unequal clusters (Ed)

d, N&l1-k
Vectors
n=((w))=( m, - my ) Cluster means (Ed)
B = ( B B ﬁN) Vector of cluster effects (Ed)
B = ( BB ﬁJ) \ector of strata means (Viviana)
X=1. Fixed parameter design matrix
Zz = S(i):llMs Random effect design matrix
wo=((wy))=(wy w, - WsMS)’ Weight for positions in cluster s (Ed)
(@80 00) | -
C=\w v " - Partially Collapsing matrix (Ed)

g, =g C(C’C)l} Linear constants for target to apply to partially collapsed

random variables (Ed)

. —C(C'C) C' Ortho-complement of partial collapsing (Ed)

i=1..,N Position in permutation of clusters

1=1..,M, Position in permutation of units in cluster s
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Notation for Finite Population Mixed Models

MS
Ysj = ZU ﬁtS)yst
t=1

=

i

Yju = ZUI()I:) yjk

k=1

MS
szj = stUEtS)yst
t=1

N M
Yij = ZZUiSU EtS)yst

s=1 t=1
i =Y + Wy
N
B = zuisﬁs
s=1

Vectors and Matrices

4N
t=1..,M, and
k:1,...,Nj and
or Y. =w.y U
wsj s;ys j
uy - Ul
Uy - ug)
)
U Uy
oyl
ol Ul
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Position in permutation of units in stratum j
Indicator of selection of cluster s in position i.

s=1..N Indicator of selection of unit t in position

j incluster s
j=1..J Indicator of selection of unit k in position

v instratum j (Viviana)

Expected response SSU | in cluster s
Response of unit in position v of stratum j

Expected weighted response for SSU j in cluster s (Ed)

Permute units in cluster s (Ed)

Permute units in stratum j (Viviana).
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Notation for Finite Population Mixed Models

U,)

!

o<

v ) or ¥, =uVy, :((\7

Note that this is a column of U, while U; isarow of U

Partitioned cluster permutation matrix (Ed)

Sample portion of cluster permutation matrix (Ed)

U, ) Remainder portion of cluster permutation matrix (Ed)

sj

Permuted units in stratum j (Viviana)

Vector of strata with permuted units (Viviana)

M,=M forall s=1,..,N.

M,=M forall s=1,...,N.

M,=M forall s=1,...,N

and r, =1 forall s=1,.,N; t=1..,M;
B=((B))=(B, B, B,) or B=UB
Y =Y+W
T=gY Target
T,=¢Y Target with measurement error
T=gy, Target (2-stage unequal) (Ed)
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)) Permuted units in cluster s (Ed)

M,=M forall s=1..,N andwhen k=1,...,r,



Notation for Finite Population Mixed Models 30-25

T= glp?wp

Target (2-stage partially collapsed) (Ed)

Expanded Random Variables

?w = ((?m )) = (Yv:a Y,
IT:w = ((Ewi )) = (E;vl E..
¥, =€,

Sample and Remainder

!

Uiz‘?v;/z UiN?\;/N)
(Ed)
You) (Ed)

i)

Partially Collapsed Expanded random variables (Ed)

number of units in sample in stratum j (Viviana)
number of units in domain i instratum j (Viviana)

number of units in sample for the PSU in position i used in mixed

models

number of units in the PSU in position i used in mixed models

sampling fraction of SSUs in the PSU in position i used in mixed

models

where M;=M and m,=m forall s=1,..,N (Ed)

Indicator of inclusion of cluster s in the sample (Ed)
Partially collapsed unequal clusters (Ed)
Weighted sample mean for PSU i (partially collapsed unequal) (Ed)

Average for sample in partially collapsed unequal clusters (Ed)
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Notation for Finite Population Mixed Models 30-26

Y =LZZY§k where M, =M and m_=m forall s=1..,N and k=1,..,r,

S

where r, =1 forall s=1,..,N; t=1..,M

T DY, where M, =M and m_=m forall s=1,..,N
nm- iz =

E*zi Vi where M_=M and m =m forall s=1,..,N and k=1,...r,
m 4

where r, =1 forall s=1,..,N; t=1..,M

\Z:%iYﬁ where M_=M and m =m forall s=1,..,N
j=1

Vectors

Y, =K, Y

Y, =K,Y

Y =K,Y’

Y, =K, Y

Y, =(InN 0 j? Sample random variables (Ed)
an(

Wi W
ZNZ—nN) P
wil

Y, =[( 0) L. NJYWP Remaining random variables (Ed)
2N2-nN)xnN -n

E, =(InN 0 ]]7: Partitioned sample residuals (Ed)
an(

2N2—nN) W
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Notation for Finite Population Mixed Models 30-27

E, = 0 L.  |E, Partitioned remainder residuals (Ed)
(2N2-nNpan ZNTN
Y | VI VI I . .
var,. | WY =] ' Partially collapsed unequal cluster size (Ed)
e YW|| VI Al VII

Vin= (Ed)
! N N N
H@ fsdsjPN (@ fsdsﬂ —(In 0 j@[@ fszv;fj
s=1 s=1 nx(N-n) s=1
1 | 1
(INn _WJNnj® i [[(NQ) . Ian)_ﬁ(N:!) N:|®
N N i N N I | 0 I
. |:[s®—1 fsdsjPN [s®:1 fsdsj:| : [(s@—l fsdsjPN (S@:l(l_ fs)ds)il N-n : (N=n)xn TN "
| P -
L — L o 32)
"IN [ |1 o | P ® LA/ W =
I N Nx(N-n) : o i
N-n | N N
N N : l:[s@—l(l_ fs)dsjPN (g(l_ fs)ds)jl
|:(®(1_ fs)dsjPN (® fsdsj:| : ) )
s=1 s=1 :
(Ed)
Expected Values
E§1§253 (Y ) = X,U
X, Sample portion of design matrix for stratified domains (Viviana)
Xi Remainder portion of design matrix for stratified domains (Viviana)
var Xl_ _ \{ Vi
Y, Vio Vi
_Yi VI* VI VI,II
var | Y, [=[ VvV,
YII VII,I VII,I VII
VI* = VI + O-rZInm
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Notation for Finite Population Mixed Models 30-28

Estimators/Predictors

Y, = ER Yi indicates the average of SSUs for the PSU realized in position i ina
m; =
sample. This notation is used with mixed models.
[L= Zwi Y, weighted mean used in mixed models.
i=1
T=LY, Predictor for partially collapsed unequal cluster (Ed)

-1 -1
L=g, +|:V|1_V|1X| (XI VFIXI) X, Vll}Vl’”g“ +V|71X| (XI Vlilxl) X, g,

. BLUP (Ed)
N K N _ N1
=|Pec, ® @< |1, [+—C|1, 0| ®= 1,
s=1 fs n s=1 fs
~ nooo. = N _
T=>cY,-ncY +ﬂ6{z l,(Mw,Y, )} Partially collapsed unequal cluster predictor (Ed)
i1 n '

6; =max(0, MSE -o7)

6% = max( 0 ,i[MSB— MSE + fc}j]j
m

6% = max( 0,=[MSB - MSE]]
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