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1. Introduction 
In large-scale experimental programmes it is necessary to repeat the trial of a set of treatments 
like varieties or manures at a number of places or in a number of seasons. The places where 
the trial is repeated are usually experimental stations located in the tract. The aim of repetition 
is to study the susceptibility of treatment effects to place variation. More generally, the aim of 
repetition is to find out treatments suitable for particular tracts in which case the trials are 
carried out simultaneous on a representative selection of sites.  
 
Further, the purpose of the research carried out at experimental stations is to formulate the 
recommendations for the practitioners which consist of a population quite extensive either in 
space or time or both. Therefore, it becomes necessary to ensure that the results obtained from 
researches are valid for at least several places in the future and over a reasonably 
heterogeneous space. 
 
A single experiment will precisely furnish information about only one place where the 
experiment is conducted and about the season in which the experiment is conducted. It has, 
thus, become a common practice to repeat an experiment at different places or over a number 
of occasions to obtain valid recommendations taking into account place to place variation or 
variation over time or both. In such cases of repeated experiments appropriate statistical 
procedures for a combined analysis of data would have to be followed by the analysis of 
individual experiments varying with their objectives. In combined analysis of data, the main 
points of interest are  
i) to estimate the average response to given treatments and  
ii) to test consistency of the responses from place to place or occasion to occasion    i. e. 

interaction of the treatment effects with places or years. 
 

The utility and the significance of the estimates of average response depend on whether the 
response is consistence from place to place or changes with it, in other words it depends on 
the absence or the presence of interaction. 

 
The results of a set of trials may, therefore, be considered as belonging to one of the following 
four types: 
i) the experimental errors are homogeneous and the interaction is absent, 
ii) the experimental errors are homogeneous and the interaction is present, 
iii) the experimental errors are heterogeneous and the interaction is absent, and 
iv) the experimental errors are heterogeneous and the interaction is present. 
 
The meaningfulness of average estimates of treatment responses would therefore, depend 
largely upon the absence or presence of this interaction analysis. Combined analysis of data 
and analysis for groups of experiments are synonymous to each other because in both the 
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situations we have to perform pooled analysis of the data obtained from the experiments 
conducted at different places or over times. 
 
2. Analysis Procedure 
For combined analysis of data, we follow the steps given below: 
 
Step I. Construct an outline of combined analysis of variance over years or for places or 
environment, based on the basic design used. For example, the data of grain yield for four 
years, four treatments each treatment replicated five times is given in Table-1.  
 
Step II. Perform usual analysis of variance (ANOVA) for the given data. Here the experiment 
conducted is in randomized complete block design. So perform analysis of four years 
separately. This may be done in SAS, SPSS or EXCEL software. 
 
Step III.  In general, let we have data of p years and the design used is randomized block 
designs (RBD). So we have p error mean squares that corresponding to p RBD conducted. 
Before pooling the data, we test the homogeneity of error variances. For this we have the 
following two situations: 
 
Situation I. When p = 2 
In this situation, we apply F-test for testing the homogeneity of variances. Here null and 
alternate hypothesis are H0 : 2

2
2
1 σ=σ  and H1 : 2

2
2
1 σ≠σ . Let 2

1Se  and 2
2Se  are the mean 

square errors (mse) for the two years. Then the value of F statistics will be 2
1Se / 2

2Se  and this 
value will be tested against the Table F value at n1and n2 degrees of freedom at 5 % level of 
significance, where n1and n2 are degrees of freedom (df) for error for the two years, 
respectively. If the calculated value of F is greater than tabulated F value then the null 
hypothesis of homogeneity of variance is rejected and the data is heterogeneous in different 
years, otherwise it is homogeneous. 
 
Situation II. When p > 2 
In this situation, we apply Bartlett's Chi-square test. Here null and alternate hypothesis are 
H0 : 2

p
2
2

2
1 σ==σ=σ L  against the alternative hypothesis  

H1 : at least two of the s'2
iσ  are not equal, where 2

iσ   is  the error variance for i thyear/ 
location. 
 
Let Se1

2, Se2
2, ..., Sep

2 are the mse of p years respectively and n1, n2, …, np are the df for p 
years, respectively. Then the test statistics for testing homogeneity of variances is   
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where       2
1−pχ follows      2χ distribution with p - 1 df.  If the calculated value of      2

1−pχ is greater 

than tabulated      2
1−pχ value at p-1df then the null hypothesis of homogeneity of variance is 

rejected and the data is heterogeneous in different years, otherwise it is homogeneous. 
 
Step IV.  If error variances are not homogeneous means heterogeneous, then for performing 
the combined analysis of weighted least square is required, the weights being the reciprocals 
of the root mean square error. The weighted analysis is carried out by defining a new variable 
as newres = res/ square root mean square error. This transformation is similar to Aitken’s 
transformation. This new variable is thus homogeneous and thus combined analysis of 
variance can performed on this new variable. If error variance variances are homogeneous 
then there is no need to transform the data. 
 
Step V.   Now one can view the combined analysis as a nested design with several factors 
nested within one another. The years/ locations are treated as big blocks, with the experiments 
nested within these. The combined analysis of data, therefore, can be done as that a nested 
design. For doing the analysis, the replication wise data of treatments at each year/ location 
provide useful information. An advantage of this analysis is that there is a further reduction in 
error sum of squares because one more source of variability is taken out from the 
experimental error thus reducing the experimental error. This may also lead to the reduction in 
the value of coefficient of variation.  
 
Step VI.  Next step in the analysis is to test for the significance of year ×  treatment 
interaction. It can be seen that the question whether the interaction year ×  treatment is 
significant, that is whether the difference between treatments tend to vary from year to year 
can be settled by comparing the mean square for year ×  treatment with the estimate of error 
variance by the F-test. If the mean square is found to be non-significant it means interaction is 
absent. If this interaction is assumed to be non-existence, sum of squares for treatments ×  
years and the error sum of squares can be pooled and a more precise estimate of error can be 
obtained for testing the significance of treatment differences. If, however, interaction is 
significant   i. e. treatment effects are varying with years, then the appropriate mean square for 
testing the significance of treatments is the mean square due to year ×  treatment.    
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3. Illustration 
Now we shall proceed for the combined analysis of a set of data. 
 

Table-1: Data for grain yield (kg/ plot) with four treatments in five replications 
 Replication   Year 

Treatment I II III IV V 
1 1 33.6 33.7 30.9 33.3 15.0 
 2 34.0 27.2 46.2 36.7 11.6 
 3 30.5 33.2 15.1 33.3 29.7 
 4 30.8 14.4 14.2 9.5 12.0 
2 1 28.8 28.8 35.2 41.6 43.2 
 2 46.4 43.2 38.4 54.4 57.6 
 3 35.2 32.0 32.0 25.6 33.6 
 4 51.2 40.0 49.6 51.2 49.6 
3 1 30.1 38.1 21.4 17.6 14.3 
 2 36.1 18.3 38.0 31.0 26.6 
 3 27.2 40.7 15.5 18.1 12.3 
 4 37.8 54.5 13.2 18.1 7.3 
4 1 23.8 48.8 19.5 28.8 34.4 
 2 15.2 39.0 39.8 52.0 31.2 
 3 40.2 52.0 33.0 41.2 35.0 
 4 43.2 46.8 34.5 44.5 38.0 

 
A) By using SPSS 

 First we analyze the data for each year separately by using SPSS. Make four files in SPSS 
Data Editor, the first column of which is replication, second column as treatment, third 
column as yield. Now the SPSS commands are 

 
o Analyze →  General Linear model →  Univariate →  yield →  button [Put yield under 

Dependent variable] →  rep →  button [Put rep under Fixed Factor(s)] →  treat →  
button [Put treat under Fixed Factor(s)] →  Model →  Custom →  rep →  Build 
term[s] →  treat →  Build term[s] →  Main effects →  Continue →  OK 
 

 Similarly, we run the data of all the four years. We will get four ANOVA tables. These 
different ANOVA tables give the significance of treatments for different years separately. 
Now we have four mean square errors with their respective degrees of freedom. The 
output screen of one of the set is as below: 
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Thus the error mean squares of four years along with df are 
 

year Degrees of freedom Error mean square 
1 12 78.234 
2 12 28.309 
3 12 108.466 
4 12 67.903 

 
Now we test the homogeneity of error variances using analyze Bartlett's Chi-square test as 
described in Step III. 
 
In our case value of       2χ is non-significant. So we can perform the combined analysis 
without transformation of the data . For combined analysis of data using SPSS we proceed as 
follows 

 Make a combined file in SPSS Data Editor with some name say gpsexpt-comb; the first 
column of which is year, second column as replication, third column as replication and 
fourth column as yield. The SPSS commands are 

           UNIANOVA 
           yield  BY year rep treat 
            /METHOD = SSTYPE(3) 
           /INTERCEPT = INCLUDE 
           /CRITERIA = ALPHA(.05) 
           /DESIGN = year rep(year) treat year*treat 
           /test treat vs year*treat. 
 

 We will get the output screen as 
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In the above analysis year ×  treatment interaction is significant. Therefore, treatment is tested 
against the year ×  treatment interaction. 
 
B) By using SAS 
Now we give the steps used while analyzing the data using SAS software. 
First we analyze the data for four years separately using proc glm. 
 
data klkrbd1; 
input yr rep trt yld; 
cards; 
…. 
…. 
…. 
; 
proc glm; 
class  rep trt; 
model yld  =  rep trt/ss3; 
run; 
 
We test the homogeneity of error variances using analyze Bartlett's Chi-square test as 
described in Step III. 
 

Since value of       2χ is non-significant. So we can perform the combined analysis. For 
combined analysis of data using SAS we proceed as follows 
 
data klkgps1; 
input yr rep trt yld; 
cards; 
…. 
…. 
…. 
; 
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proc glm; 
class  yr rep trt; 
model yld  =  yr rep(yr) trt yr*trt/ss3; 
test h=trt  e=trt*yr; 
run; 
proc glm; 
class  yr rep trt; 
model yld  =  yr rep(yr) trt/ss3; 
run; 
  
Further, the different sites or years are natural environments. The natural environments are 
generally considered as random. All other effects in the model involve the environment either 
as nested or as crossed classification are considered as random. The assumption of these 
random effects helps in identifying the proper error terms for testing the significance of 
various effects. The combined analysis of data can easily be carried out using PROC GLM of 
SAS with Random statement with TEST option. The RANDOM statement produces a table of 
expected mean squares which can be used to determine appropriate denominators of F-
statistics for all terms in the MODEL statement. These tests are produced by the TEST option 
at the end of the RANDOM statement. The steps to be followed are given below: 
 
data klkgps1; 
input yr rep trt yld; 
cards; 
…. 
…. 
…. 
; 
proc glm; 
class  yr rep trt; 
model yld  =  yr rep(yr) trt yr*trt/ss3; 
random yr yr*trt rep(yr) /test; 
run; 
proc glm; 
class  yr rep trt; 
model yld  =  yr rep(yr) trt/ss3; 
random yr rep(yr) /test; 
run; 
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