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# install.packages(’survey’)

library(survey)

# install.packages(’dplyr’)
library (dplyr)

# install.packages(’sampling’)

library(sampling)

# install.packages(’'sas7bdat’)
library (sas7bdat)

# install.packages('lattice’)

library(lattice)

# =mmmmoo—— data —=—m==—-== #

# konehsd 4o F2 = jid, &3} = st_var, 7} = wgt
datamh = read.sas7bdat(’C:/Users/User/Desktop/<d 2 Al /A 47]

/konehs4_mh.sas7hdat’)

data_highl = data_mh %6>%

filter(grade > 3) %>%
filter(lis.na(BPb)) %>%
filter(!is.na(BHg)) %>%
filter(lisna(Ucd)) %>%
filter(!is.na(Uhg)) %>%
filter(lis.na(OHP)) %>%
filter(!is.na(NAP))

A=



#========== function ===========#

int_fun = function(var, int, data, wt, str, psu, domain){

gender, st_var, grade, ... )

§ 9 A 3 B F AT 3 ol AA

cls_ind = apply(ifelse(table(psu, str)>0, 1, 0), 2, sum)

data$varl = var
data$intl = int
data$psul = psu
data$strl = str
data$wtl = wt

datal = data %6>%
arrange(strl) %>%
filter(!strl %in% which(cls_ind == 1))

var = datal$varl
int = datal$intl
psu = datal$psul
str = datal$strl
wt = datal$wtl

if(domain == 1){

int = int
} else if(domain == 0){
int = str



} else {
print(’ 2% 3 domain A Z YYt}l.")

}

# 2y A7
mh.dsgn = svydesign(ids = “psu,

strata = ~str,

nest = TRUE,
data = datal,
weights = ~wt)

options(survey.lonely.psu = "adjust”)

A = svyby(og(var), by = Tfactor(int), design = mh.dsgn, FUN = svymean,
narm = TRUE)

B = svyby(var, by = factor(int), design = mh.dsgn, FUN = svymean, narm =
TRUE)

C = table(int[!is.na(var)])

options(survey.lonely.psu = "certainty”)

D = svymean(Tlog(var), design = mh.dsgn, narm = TRUE)

E = svymean(Tvar, design = mh.dsgn, narm = TRUE)

nh = data.frame(C)[,2]

nh_total = sum(nh)

# survey 71 A E AL-&3F 2
mu_LM = data.frame(A)[,2]
se_LM = data.frame(A)[,3]
sd_ LM = se_LM * sqrt(nh - 1)

mu_LM._total = data.frame(D)[,1]
se_LM_total = data.frame(D)[,2]



sd_LM._total = se_LM_total * sqrt(nh_total - 1)

mu_AM = data.frame(B)[,2]
se_AM = data.frame(B)[,3]
sd_AM = se_AM =* sqrt(nh - 1)

mu_AM._total = data.frame(E)[,1]
se_AM._total = data.frame(E)[,2]
sd_AM_total = se_AM._total * sqrt(nh_total — 1)

mu_GM = exp(mu_LM)
se_.GM = mu_GM * se_LM
sd_GM = se_.GM * sqrt(nh - 1)

mu_GM._total = exp(mu_LM. total)
se_GM_total = mu_GM_total * se_LLM_total
sd_GM._total = se_GM._total * sqrt(nh_total — 1)

# AMS S8 SetdesE ALt
z_hij = log(var)

mean_z = sum(wt * z_hij) / sum(wt)

mu_srs_LM = tapply(z_hij*wt, int, sum) / tapply(wt, int, sum); mu_srs_LM.rep
= rep(mu_srs_LM, nh)

sd_srs_ LM = sqrt((tapply((wt*(z_hij = mu_srs_LM.rep)"2), int, sum) /
tapply(wt, int, sum)))

se_srs_LM = sd_srs_LM / sqrt(nh - 1)

mu_srs_LM_total = mean_z
sd_srs_LM_total = sqgrt((sum(wt*(z_hij - mu_srs_LM_total)"2) / sum(wt)))

se_srs_LM._total = sd_srs_LM_total / sqrt(nh_total - 1)

mu_srs_AM = tapply(var*wt, int, sum) / tapply(wt, int, sum)

mu_srs_AM.rep = rep(mu_srs_AM, nh)



sd_srs_AM = sqrt((tapply((wt*(var — mu_srs_AM.rep)"2), int, sum) / tapply(wt,
int, sum)))
se_srs_AM = sd_srs_AM / sqrt(nh - 1)

mu_srs_AM_total = sum(wt * var) / sum(wt)
sd_srs_AM_total = sqrt((sum(wt=(var - mu_srs_AM_total)*2) / sum(wt)))
se_srs_AM._total = sd_srs_AM_total / sqrt(nh_total - 1)

mu_srs_GM = exp(mu_srs_LM)
se_srs_GM = mu_srs_GM * se_srs_LM
sd_srs_GM = se_srs_GM * sqrt(nh - 1)

mu_srs_GM_total = exp(mu_srs_LM._ total)
se_srs_GM_total = mu_srs_GM_total * se_srs_LM_total
sd_srs_GM._total = se_srs_GM_total * sqrt(nh_total - 1)

# 23 5Y AW & #A W5 oisk =71 AH
rse. GM = 100 * se_.GM / mu_GM
rse_ AM = 100 * se_AM / mu_AM

rse_GM_total = 100 * se_GM_total / mu_GM._total
rse_AM_total = 100 * se_AM_total / mu_AM._ total

deff GM = (sd_GM / sd_srs_GM)"2
deff AM = (sd_AM / sd_srs_AM)"2
deff LM = (sd_LM / sd_srs_LM)"2

deff_GM_total = (sd_GM_total / sd_srs_GM._total)"2
deff_AM_total = (sd_AM._total / sd_srs_AM._total)"2
deff LM_total = (sd_LM_total / sd_srs_LM_total)"2

T

Ak eElE s 53 53 A
Mh = tapply(wt, int, sum)
M = sum(Mh)



Ah = Mh/ M

s2_z = sd_srs_LM._total™2

RSW_z = sum(Ah * sd_srs_LM"2, narm = TRUE)

RSB_z = sum(Ah * (mu_LM - mu_LM_total)"2, narm = TRUE)

RSR_z = RSW_z + RSB_z

P_RSB = 100 * RSB_z / s2_z

RSW = sum(Ah * sd_srs_LM"2, narm = TRUE) / sd_srs_LM_total"2

RSB = sum(Ah * (mulM - mu LM tota)™2, narm = TRUE) /

sd_srs_LM_total™2

data_totalA = round(data.frame(nh, mu_GM, se_GM, rse_GM, deff GM, mu_AM,
se_AM) 4)

data_totalB = round(data.frame(nh = nh_total, mu_GM = mu_GM_total, se_GM
= se_GM_total, rse_GM = rse_GM_total, deff GM = deff GM_total, mu_AM =
mu_AM_total, se_. AM = se_AM._total), 4)

rownames(data_totalB) = "total”

# 7letlt 74 A
data_totall = rbind(data_totalB, data_totalA)

#3528 W7t A%

data_total2 = round(data.frame(nh_total, mu_GM = mu_GM_total, se_GM =
se_GM._total, se_. LM = se_LM_total, SSR = RSR_z, RSW_z, RSB_z, P_RSB), 4)

# 7teA a7
wt_mu = sum(wt) / nh_total



wt_sd = sqrt(sum((wt - wt_mu)*2) / (nh_total - 1))

wt_cv = wt_sd / wt_mu

wh_mu = tapply(wt, int, sum) / nh
wh_mu.rep = rep(wh_mu, nh)
wh_sd = sqrt(tapply((wt - wh_mu.rep)*2, int, sum) / (nh - 1))

wh_cv = wh_sd / wh_mu

deff w = 1 + wt_cv™2
deff wh = 1 + wh_cv™2

# d= a2

bar_m = nh_total / length(unique(psu))

tho_z = (1 / (bar_m - 1)) * (deff_ GM_total/deff_w - 1)
deff c =1 + (barm - 1) * rho.z

# AA &Y Hr}

data_total3 = round(data.frame(nh_total, mu_GM = mu_GM._total, se_.GM =
se_GM._total, deff GM = deff GM_total, deff w, deff ¢, rho_z), 4)

# AA Y REo =7 BA
if(domain == 0){

# no strata option in svymeans

mh.dsgn_nostr = svydesign(ids = “psu,
nest = TRUE,
data = datal,

weights = ~wt)
options(survey.lonely.psu = "adjust”)

W = svyby(var, by = “factor(psu), design = mh.dsgn_nostr, FUN = svymean,
narm = TRUE)



options(survey.lonely.psu = "certainty”)

X = svymean(Tlog(var), design = mh.dsgn_nostr, narm = TRUE)

cls_name = data.frame(W)[,1]
cls_mu = data.frame(W)[,2]
cls_se = data.frame(W)[,3]

mu_LM_nostr = data.frame(X)[,1]
se_LM_nostr = data.frame(X)[,2]
sd_LM_nostr = se_LM_nostr * sqrt(nh_total - 1)

mu_GM_nostr = exp(mu_LM_nostr)
se_GM_nostr = mu_GM_nostr * se_LM_nostr
sd_GM_nostr = se.GM_nostr * sqrt(nh_total - 1)

# no_str A%

data_totald = data.frame(ZAFFID = cls_name, cls_mu, cls_se)

# o Sl EAA e AA gy E3)

int_cluster = apply(as.matrix(ifelse(table(psu, int)>0, 1, 0)), 2, sum)
ah_str = nh / nh_total

Ah_str = Mh / M

bar_mh = nh / int_cluster

rho_yh = (1 / (bar_mh - 1)) * (deff LM/deff_wh - 1)

delta_sh = (Ah_str"2 / ah_str) * (sd_srs_LM / sd_srs_LM_total)"2
delta_wh = 1 + wh_cv™2

delta_ch = 1 + (bar_mh - 1) * rho_yh

design_eff = delta_sh * delta_wh * delta_ch

cls_eff = delta_ch * delta_wh / delta_sh

cv_eff = sd(cls_eff) / mean(cls_eff)
delta_7 = sd(delta_ch) / mean(delta_ch)



# design effect
data_total5 = round(data.frame(str = sort(unique(int)), nh, deff GM, design_efTf,
delta_sh, delta_ch, delta_wh, ah_str, cls_eff), 4)

# multistage design effect with no—strata option
deff ms = sum(Ah_str * delta_ch * delta_wh)
v_ms = (sd_srs_GM_total"2 * deff_ms) / nh_total
d_ms = deff GM_total / deff_ms

# no—strata design effect

data_total6 = data.frame(deff_ms, v_ms, d_ms)

# new stratified effect measure

# comparison strata method

# global optimum

B = Mh * sd_srs_GM * sqrt(delta_ch * delta_wh)

nh_glo = sum(nh) * (B / sum(B))

adj_glo = ifelse(nh_glo > 2, nh_glo, 0)/sum(nh_glo[nh_glo > 2]) =
(sum(nh_glo)-sum(nh_glo < 2)%2)

nh_glol = round(ifelse(nh_glo < 2 , 2, adj_glo))

vh_glo = sd_srs_GM"™2 * delta_ch * delta_wh / nh_glol

cvh_glo = sqrt(vh_glo / mu_GM™2)

v_glo = sum(Ah_str'2 * vh_glo)
cv_glo = v_glo / mu_GM_total™2

# local optimum
ak = sqrt(sum(sd_srs_GM"2 * delta_ch * delta_wh / mu_GM"2) / sum(nh))

nh_loc = (sd_srs_GM™2 * delta_ch * delta_wh) / (mu_GM"2 * ak™2)



adj_loc = ifelse(nh_loc > 2, nh_loc,

(sum(nh_loc)-sum(nh_loc < 2)#2)

nh_locl = round(ifelse(nh_loc < 2 , 2, adj_loc))

vh_loc = sd_srs_GM"2 * delta_ch * delta_wh / nh_locl

cvh_loc = sqrt(vh_loc / mu_GM™2)

v_loc = sum(Ah_str™2 * vh_loc)

cv_loc = sqrt(v_loc / mu_GM._total"2)

# sqrt proportion optimum

nh_sqrt = round(sum(nh) * sqrt(Mh) / sum(sqrt(Mh)))

adj_sqrt = ifelse(nh_sqrt > 2, nh_sqrt, 0)/sum(nh_sqrtlnh_sqgrt > 2]

(sum(nh_sqrt)-sum(nh_sqgrt < 2)*2)

nh_sqrtl = round(ifelse(nh_sqrt < 2 , 2, adj_sqrt))

vh_sqrt = sd_srs_GM"2 * delta_ch * delta_wh / nh._sqrtl

cvh_sqrt = sqrt(vh_sqrt / mu_GM"2)

v_sqrt = sum(Ah_str"2 * vh_sqrt)
cv_sqrt = sqrt(v_sqgrt / mu_GM_total"2)

#d xEAA
v_h = se_GM™2
cv_h = sqrt(v_h / mu_GM"2)

v = se_GM_total"2
cv = sqrt(v / mu_GM._total™2)

=% A
delta_l = RSW
delta_2 = (sd_LM._total / sd_LM_nostr)"2

# Global ==

0)/sum(nh_loc[nh_loc

>

2D

k

%



delta_31 = v_glo / v

delta_32 = sum(abs(nh - nh_glol) / nh_glol, narm = T) / length(nh)
delta_33 = sumf(abs(sqrt(v_h) - sqgrt(vh_glo)) / sqgrt(vh_glo), narm = T) /
length(nh)

delta_32_str = abs(nh - nh_glol) / nh_glol
delta_33_str = abs(sqrt(v_h) — sqrt(vh_glo)) / sqrt(vh_glo)

# local &&=

delta_41 = v_loc / v

delta_42 = sum(abs(nh - nh_locl) / nh_locl, narm = T) / length(nh)
delta_43 = sumf(abs(sqrt(v_h) - sqrt(vh_loc)) / sart(vh_loc), narm = T) /
length(nh)

delta_42_str = abs(nh - nh_locl) / nh_locl
delta_43_str = abs(sqrt(v_h) - sqrt(vh_loc)) / sqrt(vh_loc)

#sqrt ==
delta_51 = v_sqrt / v

delta_52 = sum(abs(nh - nh_sqrtl) / nh_sqrtl, narm = T) / length(nh)
delta_53 = suml(abs(sgrt(v_h) = sgrt(vh_sqrt)) / sqgrt(vh_sqrt), narm = T) /
length(nh)

delta_52_str = abs(nh - nh_sqrtl) / nh_sqrtl
delta_b53_str = abs(sqrt(v_h) - sqgrt(vh_sart)) / sart(vh_sqrt)

# =3 33 =4
delta_6 = sd(delta_sh) / mean(delta_sh)

# A3 gk A
data_total7 = data.frame(delta_l, delta_2)



delta_3 = c(delta_31, delta_32, delta_33)
delta_4 = c(delta_41, delta_42, delta_43)
delta_5 = c(delta_51, delta_52, delta_53)

delta_nh = data.frame(str = sort(unique(int)), nh_glo = delta_32_str, nh_loc =
delta_42_str, nh_sqrt = delta_52_str)
delta_seh = dataframe(str = sort(unique(int)), se_glo = delta_33_str, se_loc =
delta_43_str, se_sqrt = delta_53_str)

data_total® = data.frame(rbind(delta_3, delta_4, delta_5))

colnames(data_total®) = c("vp”, "str_nh”, "str_se”)
rownames(data_total®) = c("Global”, "Local”, "Sqrt”)

data_total9 = data.frame(rbind(nh, nh_glol, nh_locl, nh_sqrtl));
colnames(data_total9) = unique(str)
data_totall0 = round(data.frame(rbind(v_h, vh_glo, vh_loc, vh_sqrt)),5);

colnames(data_totall0) = unique(str)

data_totalll = data.frame(delta_l, delta_2, delta_31, delta_32, delta_33, delta_41,
delta_42, delta_43, delta_b1, delta_52, delta_53, delta_6, cv_eff, delta_7)
names(data_totalll) = c("delta_1”, "delta_2”, "glo_vp”, "glo_nh”, "glo_se”,
"loc_vp”, "loc_nh”, "loc_se”, "sqrt_vp”, "sart_nh”, "sqrt_se”, "delta_6", "cv_eff”,
"delta_7")

return(list(int_stat = data_totall, int_str = data_total2, int_deff = data_total3,
nostr_stat = data_total4, dsgn_eff = data_total5, nostr_dsgn_eff = data_total6,
old_measure = data_total7, new_measure = data_total8, total_measure =
data_totalll, nh_str = data_total9, vh_str = data_totallO, delta_nh = delta_nh,
delta_seh = delta_seh, str_ah = str_ah))

} else {

return(list(int_stat = data_totall, int_str = data_total2, int_deff = data_total3))
}



# ========== 34 A& (high school data) ========== #
attach(data_highl, warn.conflicts = FALSE)

A = int_fun(var = BPb, int = gender, data = data_highl,
st_var, psu = j_id, domain = 0)

B = int_fun(var = BHg, int = gender, data = data_highl,
st_var, psu = j_id, domain = 0)

C = int_fun(var = Uhg, int = gender, data = data_highl,
st_var, psu = j_id, domain = 0)

D = int_fun(var = Ucd, int = gender, data = data_highl,
st_var, psu = j_id, domain = 0)

E = int_fun(var = OHP, int = st_var, data = data_highl,
st_var, psu = j_id, domain = 0)

F = int_fun(var = NAP, int = st_var, data = data_highl,

st_var, psu = j_id, domain = 0)
detach(data_highl)

# 1.

ot

X 5 g8 =% (delta_l ~ delta_6)

total_measure.A
total_measure.B
total_measure.C
total_measure.D
total_measure.E

total_measure.F

total_measure.A
total_measure =
total_measure.B
total_measure =
total_measure.C
total_measure =

total_measure.D

= AStotal_measure

= B$total_measure

= CS$total_measure

= DS$total_measure

= ES$total_measure

= FS$total_measure

= dataframe(value = t(total_measure.A),
colnames(total_measure.A))

= data.frame(value = t(total_measure.B),
colnames(total_measure.B))

= data.frame(value = t(total_measure.C),
colnames(total_measure.C))

= data.frame(value = t(total_measure.D),

wt

wt

wt

wt

wt

wt

type

type

type

type

wgt, str =

wgt, str =
wgt, str =
wgt, str =
str =

wgt,

wgt, str =

= rep(1,14),

= rep(2,14),

= rep(3,14),

= rep(4,14),



total_measure = colnames(total_measure.D))
total_measure. E = dataframe(value = t(total_measure.E), type = rep(5,14),
total_measure = colnames(total_measure.E))
total_measure.F = dataframe(value = t(total_measure.F), type = rep(6,14),

total_measure = colnames(total_measure.FF))

total_measure = rbind(total_measure.A, total_measureB, total_measure.C,

total_measure.D, total_measure.E, total_measure.F)

=

)

3

3 Aoy

ofj

# 2. 2 SE 3

ot
ofj

delta_seh.A = A$delta_seh
delta_seh.B = BS%delta_seh
delta_seh.C = C$delta_seh
delta_seh.D = DS%delta_seh
delta_seh.E = E$delta_seh
delta_seh.F = FS$delta_seh

delta_seh.A = data.frame(delta_seh.A, type = rep("BPb”, nrow(delta_seh.A)))
delta_seh.B = data.frame(delta_seh.B, type = rep("BHg”, nrow(delta_seh.B)))
delta_seh.C = data.frame(delta_seh.C, type = rep("Uhg”, nrow(delta_seh.C)))
delta_seh.D = data.frame(delta_seh.D, type = rep("Ucd”, nrow(delta_seh.D)))
delta_seh.E = data.frame(delta_seh.E, type = rep("OHP”, nrow(delta_seh.E)))
delta_seh.F = data.frame(delta_seh.F, type = rep("NAP”, nrow(delta_seh.F)))

delta_seh = rbind(delta_seh.A, delta_seh.B, delta_seh.C, delta_seh.D, delta_seh.E,
delta_seh.F)

dsgn_eff. A = A%dsgn_eff
dsgn_eff. B = B$dsgn_eff
dsgn_eff.C = C$dsgn_eff
dsgn_eff.D = D$dsgn_eff
dsgn_eff E = E$dsgn_eff
dsgn_effF = F$dsgn_eff



dsgn_eff.A = data.frame(dsgn_eff.A, type = rep("BPb”, nrow(dsgn_eff.A)))
dsgn_eff. B = data.frame(dsgn_eff.B, type = rep("BHg”, nrow(dsgn_eff.B)))
dsgn_eff.C = data.frame(dsgn_eff.C, type = rep("Uhg”, nrow(dsgn_eff.C)))
dsgn_eff.D = data.frame(dsgn_eff.D, type = rep("Ucd”, nrow(dsgn_eff.D)))
dsgn_eff.E = data.frame(dsgn_eff.E, type = rep("OHP”, nrow(dsgn_eff.E)))
dsgn_eff.F = dataframe(dsgn_eff.F, type = rep("NAP”, nrow(dsgn_eff.F)))

dsgn_eff = rbind(dsgn_eff.A, dsgn_effB, dsgn_eff.C, dsgn_eff.D, dsgn_eff.E,
dsgn_eff.F)

#3 19 1. 3 879 HEA

pl = xyplot(desc(type) =~ value | total_measure, data =

total_measure[total. measure$total_measure %in% c("delta_6"),], scales = list(y =
listtat = -1 : -6, labels = c("BPb”, "BHg”, "Uhg”, "Ucd”, "OHP”, "NAP"))),
layout = c(1,1), ylab = "type”,

panel = function(x, v, ...){

panel.xyplot(x, v, pch = 20, cex = 1.5, col = "black” , ...)

p—

panel.abline(h = c(-1:-6), col grey”, Ity = 2)

#4329 2. F3 AFE AF F 284 5= vip
P2 = xyplot(desc(type) = value | total_measure, data =
total_measure[total_measure$total_measure %1n% c("glo_vp”, "loc_vp”,

"sqrt_vp”),],
scales = list(y = list(at = -1:-6, labels = c("BPb”, "BHg”,
"Uhg”, "Ucd”, "OHP”, "NAP"))), layout = c(3,1), ylab = "type”,
panel = function(x, vy, ...X{
panel.xyplot(x, y, pch = 20, cex = 1.5, col = "black” ,xlim = c(0, 2), ...)
panelabline(h = c(-1:-6), col = "grey”, Ity = 2)
panel.abline(v = 1.0, col = "red”)



)

¥ SES] Atf# At

ol

#5 719 3,4, 5 F3F A

p3 = xyplot(str ~ se_glo | type, data = delta_seh, layout = ¢(3,2), xlim = ¢(0,2),
panel = function(x, vy, ...){
panel.xyplot(x, y, pch = 20, ...)
panel.text(x, y, labels = sort(unique(delta_seh$str)), col = grey(0.5), cex = 1,
pos = 3)
panel.ablineth = ¢(1,2,4,6,7,89), col = "grey”, Ity = 2)
}

pd = xyplot(str ~ se_loc | type, data = delta_seh, layout = ¢(3,2), xlim = ¢(0,2),
panel = function(x, vy, ...)X{

panel.xyplot(x, y, pch = 20, ...)
panel.text(x, y, labels = sort(unique(delta_seh$str)), col = grey(0.5), cex = 1

pos = 3)
panel.ablineth = ¢(1,2,4,6,7,89), col = "grey”, Ity = 2)

}

p5 = xyplot(str ~ se_sqrt | type, data = delta_seh, layout = c(3,2), xlim
c(0,2),
panel = function(x, vy, ...)X{

panel.xyplot(x, v, pch = 20, ...)
panel.text(x, v, labels = sort(unique(delta_seh$str)), col = grey(0.5), cex = 1,

pos = 3)
panel.ablineth = ¢(1,2,4,6,7,89), col = "grey”, Ity = 2)
}
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Tae Hun Kim

Department of Statistics, The Graduate School,
Pukyong National University

Abstract

Design effect is defined as the ratio of the variance estimate under the current
sample design to that under a simple random sample of the same size, enabling
to measure the efficiency of the current sample design as compared to a simple
random sample. Therefore, the design effect can be used to evaluate the
efficiency of stratification under unclusterd simple random sampling situation.
However, the design effect can be inappropriate for measuring the efficiency of
stratification under multistage stratified sample design due to the presence of
the effects of clustering and weighting. In this paper, we propose a measure for
evaluating the efficiency of stratification strategy utilizing the design effect
model proposed by Park(2015) and Chen and Rust(2017). In order to evaluate
the suitability of the new measure of the efficiency of stratification, we used the
real survey data for high school students of the 4th National Health Basic
Survey organized by the National Institute of Health. The stratification efficiency
evaluation measure is designed to allow post—evaluation of various survey
variables on survey data after survey and to present an improved stratification

strategy for sample redesign.

Keywords : stratified multistage sampling, stratification, sample allocation, design

effect model, stratification effect, cluster effect, weighting effect
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