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Wilasinee Prommanok 2012: Performance of Statistical Methods for Pretest - Posttest Design
Under Assumption Violation. Master of Science (Statistics), Major Field: Statistics, Department of

Statistics. Thesis Advisor: Associate Professor Premjai Trisaranuwatana, M.Stat. 131 pages.

This research focused on efficiency of eight statistical methods in analysis of pretest - posttest design.
The methods were Anova on: (1) posttest score, (2) different score, (3) modified proportional percent change
score, (4) log of ratio of posttest score and pretest score, (5) residual. Ancova on: (6) posttest score with pretest
score as the covariate, (7) rank of posttest score with rank of pretest score as the covariate and (8) Quade’s test.
Controllable of Type I error at specified level of 0.05 and attainable 0.8 power of the test were criterias for
decision of appropriate method. Studied data generated by Monte Carlo simulation technique under 3 major
circumstances: Case 1: underlying assumption were met, Case 2: variances were heterogeneous, Case 3:
distribution of pretest and posttest were Double Exponential distribution, Log-Normal distribution and Chi -
Square distribution. The correlation coefficients under studied were 0.2, 0.5 and 0.9 where treatment effect and
heterogeneity of error variance of the posttest were classified into 3 different levels (low, medium and high).
The number of treatment was 3 and 5 with equal sample sizes of 10. The conclude of the research were as

follows :

1. The 8 statistical methods could control type I error for all correlation coefficients : when data met
the underlying assumption of the statistical methods, heterogeneity of error variances were at low and medium
including when distribution of pretest and posttest were Double Exponential and Chi-Square.

2. The research indicated that the power of test these were not affected by number of treatment but
was affected by the degree of correlation coefficients when the treatment effect in each group was different at
low and medium level. Moreover, it was found that all methods showed a very high power of the test when
treatment effect was difference at high level.

3. According to data in Case 1 and Case 2 these research showed that Anova on residual and Ancova
on posttest score with pretest score as the covariate were best. While Anova on residual, Ancova on rank of

posttest score with rank of pretest score as the covariate and Quade’s test were best for Case 3.
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dm 'log;clear;out;clear’;
option linesize =100 nodate nonumber spool erase nosource nosource2;
%macro gen (reps,n,mu_x,mul,mu2,mu3,rho,var_e);

%do j=1 %to &reps;

data sim&;j;

do i=1 to &n;
Xss= rannor(56788+&;);
Ws = rannor(58431+&j);
Zs = &rho*Xss+Ws*(sqrt(1-&rho**2));
Xs=&mu x + Xss*10;
output;

end;

data trt&j; set sim&;;
varl=1.0*&var e;
var2=1.0*&var _e;
var3=1.0*&var_e; /*phi=0*/
if n <=10 then y = &mul+Zs*sqrt(varl);
if 11<=_n_=<20 then y = &mu2+Zs*sqrt(var2);
if n >20 then y = &mu3+Zs*sqrt(var3);
data loop&j; set trt&j; keep trt pretest posttest diff;
if n <=10 then trt=1;
if 11<=_n_<=20 then trt=2;

if _n >20 then trt=3;
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pretest=xs; posttest=y;
%mend;

%gen(1000,30,50,70,70,70,0.2,100) *Ho_true;
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dm 'log;clear;out;clear';
option linesize=100 nodate nonumber spool erase nosource nosource2;
%macro gen (reps,n,mu_x,mul,mu2,mu3,mu4,mu5,rho,var_e);
%do j=1 %to &reps;
data sim&;j;
do i=1 to &n;
Xss= rannor(56788+&j);
Ws = rannor(58431+&;);
Zs = &rho*Xss+Ws*(sqrt(1-&rho**2));
Xs = &mu_x + Xss*10;
output;
end;
data trt&j; set sim&;;
varl=1.0*&var _e;
var2=1.0*&var _e;
var3=1.0*&var _e;
var4=1.0*&var _e;
var5=1.0*&var_e; /*phi=0*/

if n <=10 then y = &mul+Zs*sqrt(varl);
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if 11<= n_=<20 then y = &mu2+Zs*sqrt(var2);
if 21<= n_=<30 then y = &mu3+Zs*sqrt(var3);
if 31<= n_=<40 then y = &mud+Zs*sqrt(var4);
if 40< n_ then y = &mu5+Zs*sqrt(var5);
data loop&j; set trt&;j; keep trt pretest posttest diff ;

if n_<=10 then trt=1;
if 11<= n <=20 then trt=2;
if 21<= n_<=30 then trt=3;
if 31<= n_<=40 then trt=4;
if n >40 then trt=5;
pretest=xs; posttest=y;

%mend;

%gen(1000,50,50,70,70,70,70,70,0.2,100) * Ho_true;
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dm 'log;clear;out;clear’;

option linesize=100 nodate nonumber spool erase nosource nosource?2;

%macro gen (reps,n,mu_x,mul,mu2,mu3,rho);

%do j=1 %to &reps;

data lognor&;j;

do i=1 to &n;
xs = 50-7*sign(ranuni(126572+&;j))*log(1-2*abs(1*ranuni(598143+&j)-0.5));
ws = 50-7*sign(ranuni(965743+&j))*log(1-2*abs(1*ranuni(867219+&;j)-0.5));
Zs = &rho*xstws*(sqrt(1-&rho**2));

X = Xxst&mu_Xx;
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output;
end;
data trt&j; set lognor&j;
if n <=10 then y = &mul+Zs;
if 11<= n_=<20 then y = &mu2+Zs;
if 21<= n_=<30 then y = &mu3+Zs;
data loop&;j; set trt&j; keep trt pretest posttest diff;
if n <=10 then trt=1;
if 11<=_n_<=20 then trt=2;
if 21<= n <=30 then trt=3;
pretest=x; posttest=y;
% mend,

%gen(1000,30,0,0,0,0,0.2) *HO:TRUE;
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dm 'log;clear;out;clear’;
option linesize=100 nodate nonumber spool erase nosource nosource?2;
%macro gen (reps,n,mu_x,mul,mu2,mu3,rho);
%do j=1 %to &reps;
data lognor&;j;
do i=1to &n;
xs = EXP(1+(sqrt(1)*(rannor(643781+&;))));
ws = EXP(1+(sqrt(1)*(rannor(586158+&;))));
Zs = &rho*xstws*(sqrt(1-&rho**2));

X = Xst&mu_Xx;
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output;
end;
data trt&j; set lognor&j;
if n <=10 then y = &mul+Zs;
if 11<= n_=<20 then y = &mu2+Zs;
if 21<= n_=<30 then y = &mu3+Zs;
data loop&;j; set trt&j; keep trt pretest posttest diff;
if n <=10 then trt=1;
if 11<=_n_<=20 then trt=2;
if 21<= n <=30 then trt=3;
pretest=x; posttest=y;
% mend,;
%gen(1000,30,0,0,0,0,0.2) *HO:TRUE;
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dm 'log;clear;out;clear’;
option linesize=100 nodate nonumber spool erase nosource nosource?2;
%macro gen (reps,n,mu_x,mul,mu2,mu3,rho);
%do j=1 %to &reps;
data lognor&;j;
do i=1to &n;
xs = CInv(RanUni(142589+&;),3);
ws = CInv(RanUni(954362+&j),3);
Zs = &rho*xstws*(sqrt(1-&rho**2));

X = Xst&mu_Xx;
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output;
end;

data trt&j; set lognor&j;
if n <=10 then y = &mul+Zs;
if 11<= n_=<20 then y = &mu2+Zs;
if 21<= n_=<30 then y = &mu3+Zs;

data loop&;j; set trt&j; keep trt pretest posttest diff;
if n <=10 then trt=1;
if 11<=_n_<=20 then trt=2;
if 21<= n <=30 then trt=3;
pretest=x; posttest=y;

% mend,;

%gen(1000,30,0,0,0,0,0.2) *HO:TRUE;
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data loop&;j; set trt&j; keep trt pretest posttest;
pretest=xs; posttest=y;

ods output ModelAnova=models&j;

proc glm data = loop&;;
class trt;
model posttest = trt/ss3;
output out=diagpost p=pred r=resid;
title 'ANOVA BY Posttest';
run;

ods output close;

%end;

data combine (keep = ProbF);
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set
%do j=1 %to &reps;
Models&;j

%end;

run;
proc print data = combine;

title'ProbF for Anova of posttest'; run;
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data loop&;j; set trt&j; keep trt pretest posttest diff;
pretest=xs; posttest=y;
diff = posttest-pretest;
ods output ModelAnova=models&;j;
proc glm data = loop&;;
class trt;
model diff = trt/ss3;
/*means trt;
means trt/tukey;*/
output out=diagdif p=pred r=resid;
title'ANOVA BY DIFFERENT SCORE";
run;
ods output close;
%end;
data combine (keep = ProbF);

set
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%do j=1 %to &reps;
Models&;j

%end;

run;
proc print data = combine;
title'ProbF for Anova of differrent Score';

run;
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data loop&;j; set trt&j; keep trt pretest posttest mpc;
pretest=xs; posttest=y;
mpc=((posttest-pretest)/((posttest+pretest)/2))*100;
ods output ModelAnova=models&;j;
proc glm data = loop&;j;
class trt;
model mpc = trt/ss3;
output out=diagmpc p=pred r=resid,;
title 'ANOVA BY Modified Proportional Percent Change Score';
run;
ods output close;
%end;
data combine (keep = ProbF);
set
%do j=1 %to &reps;

Models&;j
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proc print data = combine;
title'ProbF for Anova of Modified Percent Change Score';

run;
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data loop&j; set trt&;j; keep trt pretest posttest L;
pretest=xs; posttest=y;
L= log(posttest)-log(pretest);
ods output ModelAnova=models&;j;
proc glm data = loop&;j ;
class trt;
model L = trt/ss3;
output out=diaglogt p=pred r=resid;
title 'ANOVA BY Log-tranform';
run;
ods output close;
%end;
data combine (keep = ProbF);
set
%do j=1 %to &reps;
Models&;j

%end;
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run;
proc print data = combine;
title'ProbF for Anova of Log- tranform';

run;
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data loop&j; set trt&j; keep trt pretest posttest ;

pretest=xs; posttest=y;

/**********************regression***************************/

data regress&;j;
set loop&;j;
proc reg data =regress&;j ;
model posttest = pretest;
output out=diag&;j r=resid _r;
run;

proc print data = diag&;;
title 'Regression of data and keep resid r';
run;
ods output ModelAnova=models_r&j;
/******************* AnOVa FOr Residir OfRank data *************/
proc glm data = diag&;;
class trt;
model resid_r = trt/ss3;
/*means trt;
means trt/tukey;*/
output out=diagR ;

title 'Anova of resid ';



run;
ods output close;
%end;
data combine (keep = ProbF);
set
%do j=1 %to &reps;
Models_r&j

%end;

run;
proc print data = combine;
title'ProbF for Anova of resid';

run;

125

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk ok sk sk sk sk sk sk ok sk sk ok sk sk sk sk sk ok ok ok sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk skoskok ok skokok ko skokok ko

o ada L4 1 1 @
Iﬂillﬂﬁ‘l] SAS Llﬁﬂﬂﬂ'lﬁ\‘]"ll@Q'J%'Jlﬂi'lgﬂﬂ'ﬂilLlﬂiﬂiﬂuiﬂﬂﬂ'lﬂﬂ'lﬂﬁﬁﬂ']‘i‘ﬂﬂﬁf]\?

Tasldanounsnaaoudludaulss

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk ok sk sk sk sk sk sk sk sk sk ok sk ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skt sk koo ko skokok kol skokok ko

data loop&;j; set trt&j; keep trt pretest posttest;

pretest=xs; posttest=y;
ods output ModelAnova=models&;j;
PROC GLM ;

CLASS trt ;

MODEL posttest = trt pretest/ss3;

title 'ANCOVA BY Posttest';
run;
ods output close;
data test pre&j test trt&;j ;

set Models&;;



if source = 'pretest' then output test pre&;;
else if source = 'trt' then output test_trt&;;
run;
%end;
data combine pre (keep = source ProbF);
set
%do j=1 %to &reps;
test_pre&j
%end;

run;
proc print data = combine_pre;
title'ProbF for ANCOVA of pretest(CO)';
run;
data combine_trt (keep = source ProbF);
set

%do j=1 %to &reps;

test_trt&;j

%end;

run;
proc print data = combine _trt;
title'ProbF for ANCOVA of Treatment';

run;
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data loop&;j; set trt&j; keep trt pretest posttest;
pretest=xs; posttest=y;
/**********************rank data***************************/
data rank&;j;
set loop&;j;
proc rank data=loop&;j out=rankings&;j ;
var pretest posttest;
ranks pre_rank post rank;
run;
ods output ModelAnova=models&;j;
proc GLM;
CLASS trt ;
MODEL post_rank = trt pre_rank/ss3;
title'ANCOVA BY RANK;
run;
ods output close;
data test pre&j test trt&j ;
set Models&;;
if source = 'pre_rank' then output test pre&;j;
else if source = 'trt' then output test_trt&;j;
run;
%end;
data combine pre (keep = source ProbF);
set
%do j=1 %to &reps;
test_pre&j
%end;

run;

proc print data = combine pre;
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title'ProbF for ANCOVA of Rank pretest(CO)';
run;
data combine_trt (keep = source ProbF);
set
%do j=1 %to &reps;
test_trt&j

%end;

run;
proc print data = combine _trt;

title'ProbF for ANCOVA of Rank'; run;
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data loop&;j; set trt&j; keep trt pretest posttest;
pretest=xs; posttest=y;
/**********************ran_k data************************/
data rank&;j;
set loop&;j;
proc rank data=loop&;j out=rankings&;j ;
var pretest posttest;
ranks pre_rank post rank;
run;
/*******************Regression Of Rank data*********** ******/
proc reg data = rankings&;;
model post_rank = pre_rank;

output out=diag&j p=pred r=resid_Q;



proc print data = diag&;;
title 'Regression of Rank data and keep resid Q';
run;

ods output ModelAnova=models_Q&;;

/****************** AnOVa For Resid_Q Of Rank data ************/
proc glm data = diag&;j;
class trt;
model resid_Q = trt/ss3;
means trt;
means trt/tukey;
output out=diagQ p=pred r=resid,;
title 'Quade Test for Nonparametric Analysis of Covariance';
run;
proc print data=diagQ);
run;
ods output close;
%end;
data combine (keep = ProbF);
set
%do j=1 %to &reps;
Models Q&;j

%end;

run;
proc print data = combine;
title'ProbF for Anova from Quade Test';

run;
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data Typel Type2;
set combine;
IF ProbF<0.05 THEN output Type2;
Else delete;
run;
proc print data = Type2;
title'ProbF<0.05 for Test';

run;
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