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Statistical analysis of randomized complete block design with repeated measure
data using Generalized Linear Mixed Models (GLIMMIX)
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Abstract: Multiple measurements of the same subject are conducted, and there is autocorrelations among the data at each time
point. Some special treatment is required for statistical analysis of repeated measure data. Although the repeated measure is widely
used in agricultural and other research fields, the relevant and effective statistical methods are rare. In order to establish a simple,
easy to use, and reliable statistical method, generalized linear mixed models (GLIMMIX) of SAS was adapted. Selection of co-
variance structure, variance analysis, and means comparison processes were showed by using RCB data. Traditional split plot and
MANOVA methods wasted large amounts of information, reduced the power of the test, and could not handle missing data effec-
tively, even resulting in incorrect conclusions. GLIMMIX was the best choice for variance analysis and means comparison of
repeated measure data, because it was easy to use, and had powerful function, high reliability, and ability to handle missing data.
At present, there was few relevant report in China, and this method would be very practical and innovative in this field.
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Table 1  Data entry example for Microsoft Excel

Rain N Block Core Times Y
1 1 1 1 6 20.20
1 1 1 1 7 7.37
1 1 1 1 8 5.75
1 1 1 1 9 4.25
1 1 1 1 10 2.42
1 1 1 1 11 4.69
1 1 1 1 12 5.13
1 1 2 2 6 20.45
1 1 2 2 7 12.33
3 3 3 27 12 6.16
Rain N Block Core Times Y N N

Rain, N, Block, Core, Times, and Y represent rainfall density, N fertilizer application treatment, block, soil core as a plot, leaching times, and

total loss by leaching, respectively.
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Fig.2 Soil K content varied with time at three biochar rates
The error lines are standard errors (SEs).
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SAS

SAS I SAS program I
PROC IMPORT  /*(1)*/
OUT= totalN
DATAFILE="E:\ \N.xIs"
DBMS=EXCEL REPLACE;

SHEET="Sheet1$";

GETNAMES=YES;

SCANTEXT=YES;
RUN;

ODS RTF;

proc glimmix data=totalN; /*(2)*/
class Rain N Block Core Times;
model y=Rain|N|times /ddfm = kr;
random _residual /type=VC sub=Core(Rain N);
ods output fitstatistics=fVC;
run;

proc glimmix data=totalN; /*(3)*/
class Rain N Block Core Times;
model y=Rain|N|times /ddfm = kr;
random _residual /type=CS sub=Core(Rain N);
ods output fitstatistics=fCS;
run;

proc glimmix data=totalN; /*(4)*/
class Rain N Block Core Times;
model y=Rain|N|times /ddfm = kr;
random residual /type=UN sub=Core(Rain N);
ods output fitstatistics=fUN;
run;

proc glimmix data=totalN; /*(5)*/
class Rain N Block Core Times;
model y=Rain|N|times /ddfm = kr;
random _residual /type=SP(POW)(Times)
sub=Core(Rain N);
ods output fitstatistics=fSP;
run;

proc glimmix data=totalN; /*(6)*/
class Rain N Block Core Times;
model y=Block Rain|N|times /ddfm = kr;
random Block Core(Rain N);
random _residual /type=AR(1) sub=Core(Rain N);
ods output fitstatistics=fAR;
run;

proc glimmix data=totalN; /*(7)*/
class Rain N Block Core Times;
model y=Block Rain|N|times /ddfm = kr;
random Block Core(Rain N);

random _residual /type=TOEP sub=Core(Rain N);
ods output fitstatistics=fTOEP;
run;

proc glimmix data=totalN; /*(8)*/

class Rain N Block Core Times;

model y=Block Rain|N|times /ddfm = kr;

random Block Core(Rain N);

random _residual /type=ANTE(1) sub=Core(Rain
N);

ods output fitstatistics=fTANTE,;

run;

%macro rename(fit,a);
data &fit;
set &fit;
rename value=&a;
run;
%mend rename;

1%(9)*/

Y%rename(fVC,VC)
Y%rename(fCS,CS)
Y%rename(fUN,UN)
Y%rename(fSP,SP)
Y%rename(fAR,AR1)
Y%rename(fTOEP, TOEP)
Y%rename(fANTE,ANTE1)

data merge table; /*(10)*/
merge fVC fCS fUN fSP fAR fTOEP fANTE;
run;

proc print data=merge table;  /¥*(11)*/
format numeric_ 5.1;
run;
ODS RTF close;
E:\ \N.xIs sheetl , 1
(1) Excel (2)~(8)
S “type :’9
, [autoregressive(l),
AR(1)] (toeplitz, TOEP)
[antedependence, ANTE(1)] ,
s random block core(Rain
Ny S (2)~(8) GLIMMIX ,

(variance components, VC)
(compound symmetry, CS)

(unstructured, UN) [space power,

SP(POW)] [AR(1)]
(TOEP) [ANTE(1)]
Class Model
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) , Model proc glimmix data=bijie; /*(12)*/
4, mixed Rain|N|times 3 class rate bloclli plot time;
model y=rate|time /ddfm = kr;
2 3 random _residual /type=VC sub=plot;
KR el run;
random_residual mixed , rate , block , plot
repeated 1 type ) , time
sub (subject), , SP(POW) ,
(core), , , , days ,
; , “random _residual /type=SP(POW)(days)
, “()” ods output sub=plot;” random
fitstatistics ) rename, , SP(POW) ANTE(l1) AR(1)*RE TOEP,
value , value random “random plot block block*time;”
(n (10) 1.5
, (an ; ,
GLIMMIX
, SAS , \Ye ANTE(1) ,
: SAS
SAS II  SAS program II
SAS I(1) /(1) */
ods RTF;

ods graphics on;
proc glimmix data=totalN; /* (2) */
class Rain N Block Core Times;
model y=Rain|N|times /ddfm = kr;
random Block Core(Rain N);
random _residual /type=ANTE(1) sub=Core(Rain N);

Ismeans Rain N Times Rain*N Rain*Times N*times Rain*N*times/diff; /*(3) */
Ismestimate N*times "N1 vs N2 at times6" 100000 0 -1; /* (4a) */
Ismestimate N*times "N1 vs N2 at times6" [1,1 1] [-1,2 1]; /* (4b) */
Ismestimate N*times "N2 in times6 vs times8" [1,2 1] [-1,2 3]; /* (5) */
Ismestimate N*times "N1 at times7 vs N2 at times9" [1,1 2] [-1,2 4]; /* (6) */
Ismestimate times "times8 vs times10" [1,3] [-1,5]; /* (7) */

Ismestimate N "N1 vs N2 " [1,1] [-1,2]; /* (8) */

Ismeans N*times/plot=meanplot(sliceby=N join cl);/* (9) */

nloptions tech=nrridg;
run;

ods graphics off;

ods RTF close;

: , (5] [18] SAS
I(1), 2) 4 6 Nl N2
ANTE(1) F R ,
I1(8) F (4a) (4b) ,
(4 3) (positional) , :
t , (non-positional) (18
, 83 , (5) N2
, , 8 N ,
Ismestimate ; (6) N1
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N2 9 , , F
(Rain*N)
; @) 3 P 0.05, , 0.2375,
, 8 10 , 0.3161, 33.09%
; (Rain*Times) UN  ANTE(1)
®) N1 N2 , , 4 ,
, F )
) 5 ,
2.2
9 times , , ,
, 1 “sliceby=N” (akaike information -criterion,
N Join cl AIC) (akaike infor-
95% (confident interval) 1 mation corrected criterion, AICC)
, 95% (corrected akaike information criterion, CAIC)
NLOPTIONS PROC GLIMMIX (bayesian information criterion, BIC)
mixed (Newton-Raphson - (hannan—quinn information crite-
) 51 rion, HQIC) -2 (-2 res log
, likelihood, —2logL)t"*>1>171
s Ismestimate, VC s s x2 (7l
, (12) run ,
Ismeans rate Time rate*Time/diff; 3 , UN
o Ismeans rate*time/plot=meanplot(sliceby=rate ANTE(1) 5
join);
nloptions tech=nrridg; ’ UN
, , n(n-1)/2, n
: 2 : ; »
Bl n=7, 21 ; ANTE(1)
+ \ 2n-1, 15 R
2 BREQN ANTE(1) F
2.1 F , UN ,
SAS I F , 2 , 6
7 F , VC
R2 XAAFRHHTELHREN FAE P ARG
Table 2 P-value for F test with various covariance structures (I1T)
Effect VC CS UN SP AR(1) TOEP ANTE(1)
Rain <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
N <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001
Rain*N 0.2375 0.2609 0.2809 0.3023 0.3023 0.3161 0.2822
Times <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Rain*Times 0.0033 0.0038 0.6167 0.0059 0.0059 0.0172 0.5533
N*Times <0.0001 <0.0001 0.0017 <0.0001 <0.0001 <0.0001 0.0003
Rain*N*Times 0.8526 0.8537 0.9457 0.8584 0.8584 0.9225 0.9727

VC: variance components; CS: compound symmetry; UN: unstructured; SP

ante-dependence.

: space power; AR(1): autoregressive(1); TOEP: toeplitz; ANTE(1):
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Table 3 Model fit statistics with various covariance structures (soil column experiment)

Criteria VC CS UN SP AR(1) TOEP ANTE(1)

—2logL 790.7 790.7 638.5 790.4 790.4 677.0 790.7
AIC 792.7 794.7 694.5 794.4 794.4 703.0 792.7
AICC 792.7 794.8 711.3 794.5 794.5 706.3 792.7
BIC 794.0 797.2 730.8 797.0 792.6 691.3 794.0
CAIC 795.0 799.2 758.8 799.0 794.6 704.3 795.0
HQIC 793.0 795.4 705.3 795.2 790.8 679.5 793.0

—2logL: -2 ; AIC: ; AICC: ; CAIC: ; BIC:
; HQIC: -

VC: variance components; CS: compound symmetry; UN: unstructured; SP: space power; AR(1): autoregressive(1); TOEP: toeplitz; ANTE(1):
ante-dependence; —2logL: -2 res log likelihood; AIC: akaike information criterion; AICC: akaike information corrected criterion; CAIC:

corrected akaike information criterion; BIC: bayesian information criterion; HQIC: hannan-quinn information criterion.

23 F Times)
ANTE(1) GLIMMIX
F (SAS 1), 4 (P<0.001),
> (Rain)
(N) (Times) 3 (Rain*N* (P<0.001),

R4 FRIHLERAOIE, ANTEL, T#HiRE)
Table 4 Output of F test (type III, ANTE1, soil column experiment)

F P

Effect Numerator DF Denominator DF F-value P-value

Rain 2 28.62 30.49 <0.0001

N 2 28.62 22.89 <0.0001

Rain*N 4 28.62 1.34 0.2806

Times 6 29.40 36.54 <0.0001

Rain*Times 12 39.27 0.90 0.5509

N*Times 12 39.27 4.21 0.0003

Rain*N*Times 24 47.73 0.48 0.9725

F , 2 , 6 , N2 NI

805 g ( 1), 5% P =
(P<0.01) 0.078), ( 6 ) (N1 vs.
2.4 N2) ; ©) » N2 N

F , 6 8 10.94 g, 1%
R (P=0.0025), 6 8 9

, “12 10 11 12 ,
” 5 5 SAS , N
II , 5 (6) , Nl 7 N2
(4a) (4b) , 9 638¢g (5 1),
[18] , (P = 0.0008)
«p» , , , ,
[18]’ (7) , 3

8 10 0.94 g, 5%
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N*Times R 1.78 g, 5% ,

) (3) ,
, N2 NI ,

x5 AEBHERM BTG

Table 5 Examples of mean comparisons between treatment means

# 1 ¢
# . Pr> |t
Code Treatment ' Difference SE DF t-value
(4a) (D) Positional 8.05 4.32 17.85 1.87 0.0786
(4b) [@))] Non-positional 8.05 4.32 17.85 1.87 0.0786
(5 2) 10.94 3.19 20.36 3.43 0.0026
(6) 3) 6.38 1.73 33.37 3.70 0.0008
7 4) 0.94 0.60 31.51 1.58 0.1248
?) 5) 1.78 0.77 28.62 2.31 0.0285
*  SAS I 1 “1.2 ”
¥ Refer to SAS program II; I Refer to “1.2 analysis and comparison” previously for the treatments.
NN 3.2
3 itig
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b
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