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Type | Error

Type Il Error

Type | Error

Type Il Error

- (Type Il Error

Power

Power

POWER

HO: p =0

H1l: p=p1

new; cls;

HO

Power
) Power
Power
critical value
Power
H1 VI
0.05 Power

ver.0.1

Power

Power



call powertestn(10,0,0.05);

proc powertestn(n,myu,alpha);

local se,zval,low,up,power,i,mean,lowerz,upperz,beta;

se=1/sqrt(n);

zval=cdfni(1l-alpha/2);

low=myu-zval*se;

up=myu+zval*se;

power=zeros(101,1);

i=0;

do while i<=100;
mean=myu-2+0.04*i;
lowerz=(low-mean)/se;
upperz=(up-mean)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power[i+1]=1-beta;
i=i+1;

endo;
library pgraph;
graphset;
title("HO: myu=0 H1: myu=myul");
ylabel("power"); xlabel("myul");
xy(seqa(myu-2,0.04,101),power);

retp(power);
endp;
se=1/sqgrt(n)
SE sqrt(1) sgrt(n)
CDF cdfni z
SE V]
low=myu-zval*se; up=myu+zval*se;
a compliment
cdfni z - 100
101 ul
M Ml
mean mean=myu-2+0.04*i; - 0.04

100 lowerz=(low-mean)/se;



upperz=(up-mean)/se; SE standardized
beta=cdfn(upperz)-cdfn(lowerz);0 O O O O Type Il Error
CDF mean Power
1 GAUSS [0]
[i+1]
100 101
mean Power  101x

pl Power
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0.05 Vi

V] Power

Power

new; cls;

call powern(0,0.05);

proc powern(myu,alpha);

local ndata,se,zval,low,up,power,i,j,n,mean,lowerz,upperz,beta;



ndata={10,25,50,75,100};
power=zeros(101,rows(ndata));
=1
do while j<=rows(ndata);
n=ndata[j];
se=1/sqrt(n);
zval=cdfni(1-alpha/2);
low=myu-zval*se;
up=myu+zval*se;
i=0;
do while i<=100;
mean=myu-2+0.04*i;
lowerz=(low-mean)/se;
upperz=(up-mean)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power[i+1,j]=1-beta;
i=i+1;
endo;
=i+,
endo;
library pgraph;
graphset;
title("HO: myu=0 H1: myu=myul");
ylabel("power"); xlabel("myul");
_plegctl=1;
_plegstr="n=10¥000n=25¥000n=50¥000n=75¥000n=100";
xy(seqa(myu-2,0.04,101),power);
retp(power);
endp;
ndata={10,25,50,75,100};
101x
power=zeros(101,rows(ndata)); 101x power
ndata n=ndata[j]

Power
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Power

new; cls;

call powera(10,0);

proc powera(n,myu);
local alphadata,se,zval,low,up,power,i,j,n,mean,lowerz,upperz,beta;
alphadata={0.01,0.05,0.1,0.2};
power=zeros(101,rows(alphadata));
=1
do while j<=rows(alphadata);
se=1/sqrt(n);
zval=cdfni(l-alphadata[j]/2);
low=myu-zval*se;
up=myu+zval*se;
i=0;
do while i<=100;
mean=myu-2+0.04*i;

lowerz=(low-mean)/se;



upperz=(up-mean)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power[i+1,j]=1-beta;
i=i+1;
endo;
=i+,
endo;
library pgraph;
graphset;
title("HO: myu=0 H1: myu=myul");
ylabel("power"); xlabel("myul");
_plegctl=1;
_plegstr="alpha=0.01¥000alpha=0.05¥000alpha=0.1¥000alpha=0.2";
xy(seqa(myu-2,0.04,101),power);

retp(power);
endp;
alphadata={0.01,0.05,0.1,0.2};
a power=zeros(101,rows(alphadata));J O O O
000101x a Power
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a critical value

se=sqrt(s2)/sqrt(n);

new; cls;
call powertest(10,5,0.5,0.05);

proc powertest(n,myu,s2,alpha);
local se,zval,low,up,power,i,mean,lowerz,upperz,beta;
se=sqrt(s2)/sqrt(n);
zval=cdfni(1l-alpha/2);
low=myu-zval*se;
up=myu+zval*se;
power=zeros(101,1);
i=0;
do while i<=100;
mean=myu-2+0.04*i;
lowerz=(low-mean)/se;
upperz=(up-mean)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power[i+1]=1-beta;
i=i+1;
endo;
library pgraph;
graphset;
title("HO: myu=5 H1: myu=myul");
ylabel("power"); xlabel("myul");
xy(seqa(myu-2,0.04,101),power);
retp(power);

endp;
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new; cls;
call powers2(10,5,0.05);

proc powers2(n,myu,alpha);

local s2data,s2,se,zval,low,up,power,i,j,mean,lowerz,upperz,beta;

s2data={0.1,0.5,1,2,4};

power=zeros(101,rows(s2data));

=1

do while j<=rows(s2data);
s2=s2datal[j];
se=sqrt(s2)/sqrt(n);
zval=cdfni(1-alpha/2);
low=myu-zval*se;
up=myu+zval*se;
i=0;



do while i<=100;
mean=myu-2+0.04*i;
lowerz=(low-mean)/se;
upperz=(up-mean)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power[i+1,j]=1-beta;
i=i+1;
endo;
=i+,
endo;
library pgraph;
graphset;
title("HO: myu=5 H1: myu=myul");
ylabel("power"); xlabel("myul");
_plegctl=1;
_plegstr="s2=0.1¥000s2=0.5¥000s2=1¥000s2=2¥000s2=4";
xy(seqa(myu-2,0.04,101),power);
retp(power);

endp;
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Power

Power
Power
Power
10
HO: p =0
H1l: p =p 1=0
a 0.05 meanc(x)/sqrt(1/n)
zval=cdfni(1l-alpha/2) Z
Power
critical value
new; cls;

print/rz powernsim(10,0,0,0.05,10000);

proc powernsim(n,myu0,myul,alpha,times);

local zval,z,i,x,count,power;

zval=cdfni(1l-alpha/2);

z=zeros(times,1);

i=1;

do while i<=times;
x=rndn(n,1)+(myul-myu0);
z[i]=meanc(x)/sqrt(1/n);
i=i+1;

endo;

count=( (z.>zval) .or (z.<-zval) );

power=sumc(count)/times;

retp(power);

endp;

0.0504
Power 0.05



!
Power
x=rndn(n,1)+(myul-myu0);
z[i]l=meanc(x)/sqrt(1/n);

procedure -
0.1 41 powernsim(10,0,j,0.05,100)
powern(10,0,j,0.05) p 1

41 41 bl

new; cls;

rndseed 911;

library pgraph;

graphset;

y=zeros(41,2); start=-2;

i=1; j=start;

do while i<=41;
y[i,.]=powernsim(10,0,j,0.05,100)~powern(10,0,j,0.05);
i=i+1; j=j+0.1,;

endo;

print/rd sega(start,0.1,41)~y;

title("Simulated vs. Theoretical Power");

ylabel("power"); xlabel("myul");

_plegctl=1;

_plegstr="simulated¥000theoretical";

xy(seqa(start,0.1,41),y);

proc powern(n,myu0,myul,alpha);
local se,zval,low,up,lowerz,upperz,beta,power;
se=1/sqrt(n);
zval=cdfni(1l-alpha/2);
low=myu0-zval*se;
up=myu0+zval*se;

lowerz=(low-myul)/se;



upperz=(up-myul)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power=1-beta;

retp(power);

endp;

proc powernsim(n,myu0,myul,alpha,times);
local zval,z,i,x,count,power;
zval=cdfni(1l-alpha/2);
z=zeros(times,1);
i=1;
do while i<=times;
x=rndn(n,1)+(myul-myu0);
z[i]=meanc(x)/sqrt(1/n);
i=i+1;
endo;
count=( (z.>zval) .or (z.<-zval) );
power=sumc(count)/times;
retp(power);
endp;
( 10, HO: p =0 HL: p =myul 100 times)

Fausg reLpg 0% 014G 2002

Simuloted vs, Theoretical Power




y[i,.]=powernsim(10,0,j,0.05,100)~powern(10,0,j,0.05); 100
10000
(10000 times)

CAUEA [ 2ug 0% O4ZEG 2002
Simuloted vs, Theorstical Powar
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10000 Power

x=rndn(n,1)+(myul-myu0)/sqrt(s2);

standardized

new; cls;

rndseed 911;

library pgraph;

graphset;

y=zeros(41,2); start=-2;

i=1; j=start;

do while i<=41;
y[i,.]=powernsim(10,0,j,4,0.05,100)~powern(10,0,j,4,0.05);
i=i+1; j=j+0.1,

endo;

print/rd sega(start,0.1,41)~y;



title("Simulated vs. Theoretical Power");
ylabel("power"); xlabel("myul");
_plegctl=1;
_plegstr="simulated¥000theoretical";
xy(seqa(start,0.1,41),y);

proc powern(n,myu0,myul,s2,alpha);
local se,zval,low,up,lowerz,upperz,beta,power;
se=sqrt(s2)/sqrt(n);
zval=cdfni(1l-alpha/2);
low=myu0-zval*se;
up=myu0+zval*se;
lowerz=(low-myul)/se;
upperz=(up-myul)/se;
beta=cdfn(upperz)-cdfn(lowerz);
power=1-beta;
retp(power);

endp;

proc powernsim(n,myu0,myul,s2,alpha,times);
local zval,z,i,x,count,power;
zval=cdfni(1l-alpha/2);
z=zeros(times,1);
i=1;
do while i<=times;
x=rndn(n,1)+(myul-myu0)/sqrt(s2);
z[i]=meanc(x)/sqrt(1/n);
i=i+1;
endo;
count=( (z.>zval) .or (z.<-zval) );
power=sumc(count)/times;
retp(power);

endp;



( Power =100)

alsg Gal tug 1C 024166 2 200
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times 10000
OLS - Power
OLS
Bi
B u
procedure ith
pl
0.1 101
times
-5

OLS

ith

100

standardized

Bi

OLS

ith

0
Power
tpower
times
V0]
100
procedure



n-k crit=cdftci(pp/2,n-k) critical value

count
d=myul[j]/se[ith]; noncentrality
standardized critical value
powerli,j]=cdftnc(-crit,n-k,d)+(1-cdftnc(crit,n-k,d));
n-k Power
critical value
pp

spower=meanc(count);

Power
power=meanc(power); Power
pl
new; cls;
b={0.5,2}; x=ones(20,1)~rndu(20,1); u=rndn(20,1);
y=Xx*b+u;

call tpower(y,x,2,0.05,100);

proc(0)=tpower(y,X,ith,pp,times);
local n,k,crit,power,count,spower,myul,i,j,d,u,b,bhat,e,s2hat,varb,se,t;
n=rows(x); k=cols(x);
b=inv(X'X)*x'y;
crit=cdftci(pp/2,n-Kk);
power=zeros(times,100); count=zeros(times,100); myul=seqa(-5,0.1,100);
i=1;
do while i<=times;
u=rndn(n,1);
=1
do while j<=100;
b[ith]=myul][j];
y=x*b+u;
bhat=inv(x'x)*x'y;
e=y-x*bhat;
s2hat=e'e/(n-k);



varb=s2hat*inv(x'x);
se=sqrt(diag(varb));
d=myul[j)/se[ith];
powerli,j]=cdftnc(-crit,n-k,d)+(1-cdftnc(crit,n-k,d));
t=(bhat[ith]-0)/se[ith];
if (t<-crit) or (t>crit);
count[i,j]= 1;
endif;
=i+,
endo;
i=i+1;
endo;
spower=meanc(count);
power=meanc(power);
library pgraph;
graphset;
title("Power of t-test");
ylabel("power"); xlabel("myul");
_plegctl=1;
_plegstr="simulated¥000theoretical";
xy(myul,spower~power);

endp;

noncentrality
OoLS SE

SE
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Fowser of t—1est

F-type Test  Power

- _ (RSS,~RSS)) /(K -)

RSS, /(N - K)
RSS RSS
noncentrality standardized
new; cls;
b={0.5,2};
x=ones(20,1)~rndu(20,1); u=rndn(20,1);
y=Xx*b+u;

call fpower(y,x,2,0.05,100);

Power



proc(0)=fpower(y,x,ith,pp,times);
local n,k,crit,power,count,spower,myul,i,j,d,u,b,bhat,e,s2hat,varb,se;
local R,q,br,rssr,rssu,f;
n=rows(x); k=cols(x);
b=inv(Xx'X)*x'y;
crit=cdffci(pp,1,n-k);
power=zeros(times,100); count=zeros(times,100); myul=seqa(0,0.05,100);
i=1;
do while i<=times;
u=rndn(n,1);
=1
do while j<=100;
b[ith]=myul[j];
y=x*b+u;
bhat=inv(x'x)*x'y;
e=y-x*bhat;
s2hat=e'e/(n-k);
varb=s2hat*inv(x'x);
se=sqrt(diag(varb));
R=zeros(1,k); R[ith]=1; g=0;
br=bhat+inv(x'x)*R'inv(R*inv(x'x)*R")*(q-R*bhat);
rssr=(y-x*br)'(y-x*br);
rssu=(y-x*bhat)'(y-x*bhat);
f= ((rssr-rssu)/1) / (rssu/(n-k));
d=myul[j)/se[ith];
powerli,j]=1-cdffnc(crit,1,n-k,d);
if f>crit;
count[i,j]= 1;
endif;
=i+,
endo;
i=i+1;
endo;
spower=meanc(count);

power=meanc(power);



library pgraph;

graphset;

title("Power of F-test");

ylabel("power"); xlabel("myul");

_plegctl=1;

_plegstr="simulated¥000theoretical";
xy(myul,spower~power);

endp;

proc cdffci(alpha, dfl, df2);
local crit,epsilon;
crit=1;
epsilon=1;
do while epsilon>1e-6;
epsilon=alpha-cdffc(crit,df1,df2);
crit=crit-epsilon;
epsilon=abs(epsilon);
endo;
retp(crit);
endp;
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procedure

powerli,j]=1-cdffnc(crit,1,n-k,d);
Power

pl

critical value

Type Error Empirical Power(Non-Nested Tests )

Type | Error Power (
Type | Error
COX
B wu
B u (
B wu
1
Type
Power
Power
new; cls;
rndseed 1000;
b={0.5,1,2};

x=ones(20,1)~rndu(20,2);
z=ones(20,1)~rndu(20,2);
call modelpower(b,x,z,0.05,1000);

proc(0)=modelpower(b,x,z,pp,times);

local j,ja,cox,i,u,y,typel,power;

Type Il Error )
Power
)
B u
Type | Error
Il Errror

j=zeros(times,2); ja=zeros(times,2); cox=zeros(times,2);

JA



i=1;
do while i<=times;
u=rndn(rows(x),1);
y=x*b+u; /* Suppose y=Xb+u is true and y=Zb+u is false. */
{typel,power}=jtest(y,x,z,0.05);
j[i,.]=typel~power;
{typel,power}=jatest(y,x,z,0.05);
ja[i,.]=typel~power;
{typel,power}=coxtest(y,x,z,0.05);
cox|[i,.]=typel~power;
i=i+1;
endo;
print /rz times "times simulation”;

print" Type | Power"

print/rz" J Test" meanc(j)’;

print/rz " JA Test" meanc(ja)’;

print/rz "COX Test" meanc(cox)’;

print "(Suppose y=Xb+u is true and y=Zb+u is false)";
endp;

proc(2)=jtest(y,x,z,pp);
local n,bx,bz,yhatx,yhatz,k1,k2,b1,b2,el1,e2,typel,power;
local s2hatl,s2hat2,varbl,varb2,sel,se2,t1,t2;
if rows(x)/=rows(z);
errorlog "ERROR: Each row does not match.";
retp;
endif;
n=rows(x);
bx=inv(x'xX)*x'y; yhatx=x*bx;
bz=inv(z'z)*z'y; yhatz=z*bz,
x=x~yhatz; z=z~yhatx;
kl=cols(x); k2=cols(z);
/* Equation 1 */
bl=inv(X'xX)*x'y;
el=y-x*bl;
s2hatl=el'el/(n-k1);



varbl=s2hatl*inv(x'x);

sel=diag(sqrt(varbl));

tl=bl./sel;

if t1[k1]<cdftci(1-pp/2,n-k1) or t1[k1]>cdftci(pp/2,n-k1);
typel=1;

else;
typel=0;

endif;

/* Equation2 */
b2=inv(z'z)*z'y;
e2=y-z*b2;
s2hat2=e2'e2/(n-k2);
varb2=s2hat2*inv(z'z);
se2=diag(sqrt(varb2));
t2=b2./se2;
if t2[k2]<cdftci(1-pp/2,n-k1) or t2[k2]>cdftci(pp/2,n-k1);

power=1,;
else;
power=0;
endif;
retp(typel,power);
endp;

proc(2)=jatest(y,x,z,pp);
local n,bx,bz,yhatx,yhatz,k1,k2,b1,b2,el,e2,typel,power;
local s2hatl,s2hat2,varbl,varb2,sel,se2,t1,t2,b,bb;
if rows(x)/=rows(z);
errorlog "ERROR: Each row does not match.";
retp;
endif;
n=rows(x);
b=inv(X'X)*x"y; bb=inv(z'z)*z'y;
bx=inv(x'x)*x'(z*bb); yhatx=x*bx;
bz=inv(z'z)*z'(x*b); yhatz=z*bz;
x=x~yhatz; z=z~yhatx;
kl=cols(x); k2=cols(z);



/* Equation 1 */
bl=inv(X'xX)*x'y;
el=y-x*bl;
s2hatl=el'el/(n-k1);
varbl=s2hatl*inv(x'x);
sel=diag(sqrt(varbl));
tl=bl./sel;
if t1[k1]<cdftci(1-pp/2,n-k1) or t1[k1]>cdftci(pp/2,n-k1);

typel=1;
else;

typel=0;
endif;

/* Equation2 */
b2=inv(z'z)*z'y;
e2=y-z*b2;
s2hat2=e2'e2/(n-k2);
varb2=s2hat2*inv(z'z);
se2=diag(sqrt(varb2));
t2=b2./se2;
if t2[k2]<cdftci(1-pp/2,n-k1) or t2[k2]>cdftci(pp/2,n-k1);

power=1,;
else;
power=0;
endif;
retp(typel,power);
endp;

proc(2)=coxtest(y,x,z,pp);
local n,bx,bz,Mx,Mz,s2x,52z,52xz,q1,92,temp,typel,power;
n=rows(y);

/* Equation 1 */
bx=inv(xX'xX)*x'y; Mx=eye(n)-x*inv(x'x)*x"; s2x=(y-x*bx)'(y-x*bx)/n;
bz=inv(z'z)*z'y; Mz=eye(n)-z*inv(z'z)*z"; s2z=(y-z*bz)'(y-z*bz)/n;
S$2Xz=52X+bx'x'Mz*x*bx/n;
q1=(n/2)*In(s2z/s2xz)/sqrt((s2x/s2xz"2)*bx'x'Mz*Mx*Mz*x*bx);
if gl<cdfni(pp/2) or q1l>cdfni(1-pp/2);



typel=1;
else;

typel=0;
endif;

/* Equation 2 */

temp=x; x=z; z=temp;
bx=inv(xX'xX)*x'y; Mx=eye(n)-x*inv(x'x)*x"; s2x=(y-x*bx)'(y-x*bx)/n;
bz=inv(z'z)*z'y; Mz=eye(n)-z*inv(z'z)*z"; s2z=(y-z*bz)'(y-z*bz)/n;
S$2Xz=52X+bx'x'Mz*x*bx/n;
0g2=(n/2)*In(s2z/s2xz)/sqrt((s2x/s2xz"2)*bx'x'Mz*Mx*Mz*x*bx);
if g2<cdfni(pp/2) or q2>cdfni(1-pp/2);

power=1,;
else;
power=0;
endif;
retp(typel,power);
endp;
JA COX  procedure
t1  t2 gl g2 Type | Error
Power
Procedure procedure
1000 times simulation
Type 1 Power
J Test 0.108 0.774
JA Test 0.046 0.493
COX Test 0.286 0.976
(Suppose y=Xb+u is true and y=Zb+u is false)
COX Power
JA Type | Error JA

0.05 J COX



