
POOLED ANALYSIS 

 

Test of homogeneity of variance :- 

 

                  It is common practice to repeat on experiment at number of locations 

and over years or seasons to obtain reliable recommendation taking into account 

place to place variation and seasonal effects. Thus, in pooled analysis of data, the 

main objectives are (i) to estimate the average response to treatments and (ii) to 

test the consistency of the responses from place to place or year to year i.e. 

interaction effects of treatments over places or years. 

 

         Thus, before pooling the data over years or locations, we have to first test 

homogeneity of error variance by 2 test. We use two cases to illustrate the 

procedure for applying chi-square test. 

 

Equal degree of freedom :- 

 

Example :- An experiment was conducted over 3 years on 11 rice varieties for 

grain yield in Randomized complete block design with three replications. The data 

collected and analysed, the three error mean squares (S2) each with 20 d.f. are : 

S1
2 = 11.459848      S2

2 = 17.696970       S3
2 = 10.106818 

 

Step-I : Compute log S2 for each variance as : 

Year S2 Log S2 

1 11.459848 1.059179 

2 17.696970 1.247899 

3 10.106818 1.004614 

Total 39.263636 3.311692 

 

Step-II : Compute pooled estimate of variance as : 

 

                         ΣSi
2       39.263636 

               Sp
2 = ------- = -------------- = 13.087879 

                           K                 3 

 

Step-III : Let f = d.f. of each variance and k = no. of variance, compute 2
k value as  

 

                         (2.3026)(f) (klog Sp
2 - Σlog si

2)  

                2 = --------------------------------------- 

                  k             1 + ((k +1) / 3 kf) 

 

 

                        (2.3026)(20) ((3)(log 13.087879 - 3.311692))      1.792151 

                     = ------------------------------------------------------- = ------------ = 1.7532 

                                     1+((3+1) / (3)(3)(20))                               1.022222   

                        



Step-IV : Compare the computed 2 value with the tabular 2 value with (k-1) d.f. 

and reject the hypothesis of homogeneous variance if the computed 2 value 

exceeds the corresponding tabular 2 value at 5% level of significance. For our 

example, computed 2 value (1.7532) is smaller than table 2 value (5.99) at 2 d.f. 

at 5% level of significance. Thus, the hypothesis that the three error variance are 

homogeneous can not be rejected. Hence, error variances are homogeneous. 

Unequal degree of freedom :- 

 

             This procedure is applicable when for each years or seasons or locations, 

as the case may be, degree of freedom for error are unequal. 

 

Example : Leaf length collected from sugarcane leaves of four different varieties, 

each variety, 17 to 20 randomly selected leaves were measured. 

 

Step-I : Let Si
2 = ith error variance with fi = d.f. Compute following parameters as : 

 

Variety Error 

variance 

(S2) 

d.f.  

(f) 

(f)(S2) LogS2 (f)(Log S2) 1/f 

1 6.73920 19 128.0448 0.828608 15.743552 0.0526 

2 1.93496 16 30.9594 0.286672 4.586752 0.0625 

3 1.15500 17 19.6350 0.062582 1.063894 0.5880 

4 10.58450 19 201.1055 1.024670 19.468730 0.0526 

Total - 71 379.7447 - 40.862928 0.2265 

pooled 5.34852 - - 0.728234 51.704614 - 

 

Step-II : Compute the estimate of the pooled variance as : 

 

                        Σ(fi) (Si
2)        379.7447 

              S2
p = ------------- = -------------- = 5.34852 

                            Σfi                  71 
 

Step-III : Compute 2 value as : 

 

                           2.3026 ((Σfi) (log S2
p) - Σ(fi) (log Si

2) 

                  2 = -------------------------------------------------- 

                              1 + 1/3(k-1) (Σ(1/fi) - 1/Σf) 
 
                         2.3026((71)(0.728234) - 40.862928) 

                2 = --------------------------------------------------- = 24.38 

                                   1 + 1/3(4-1) ( 0.2264 - 1/71) 

 

Step-IV : Compare the 2
k value with tabular 2 value with (k-1) d.f. and reject the 

hypothesis of homogeneous variance if the computed 2 value exceeds tabular 2 

value at 5% level of significance. 



              For our example, the computed 2 value (24.38) is greater than tabular 2 

value ( 7.81 at 5% level and 11.34 at 1% level of significance) at 3 d.f. hence, 

hypothesis is rejected, means, error variance is heterogeneous. 

 

F ratio : Here, four possible cases may happens : 

 

1.   Error variance homogeneous : 

 

(i)  Interaction between treatment and years, season or location being non  

      significant - Case-I 

(ii) Interaction being significant - Case-II 

 

(2) Error variance heterogeneous : 

 

(i)  Interaction being non significant - Case-III 

(ii) Interaction being significant - Case-IV 

 

Case-I : (i) Analysis over seasons (fixed variable) : on this situation we have to 

pool the SS due to interaction and error along with d.f. 

i.e. Pooled SS = SS int. + SSE 

      Pooled d.f. = d.f. Int. + d.f. Error 

                                   pooled SS 

       Pooled m.s. = --------------- 

                                   pooled d.f. 

                                   MST 

      F for treat. = --------------- 

                               MS Pooled 

(ii) Analysis over sites, years, etc. (random variable) F for treat = MST/MSEp 

 

        F for int. = MS Int. / MSEp 

 

Case-II : In this situation interaction M. S. is considered to be error m.s. 

i.e. F for Int. = M. S. int. / M.S.Ep  

      F for treat. = MST/MS Int. 

       In factorial experiments treatments may be partitioned into components and 

each component is tested against its own interaction. 

 

Case-III : In this case where interaction is absent the method of weighted analysis 

of variance is appropriate. 

 

Procedure (i) Wi = r / Si
2   where r = no. of repli.   

                                            Si
2 = Corresponding error mean square on per plot basis  

                  (ii) WiPi    Pi = Place or year total 

                  (iii) Σ Witi  ti = mean of each treat. at each place or year 
                   (iv) Si     Si = Sum of square with each column (year or place) 



Example : Grain yield of 4 wheat varieties at 4 places with 3 replications (mean 

data). 

Varieties Places Variety 

total 

Σ Witi   
1 2 3 4 

1 1680 1000 2080 456 5216 0.6047 

2 1630 872 2216 336 5054 0.5900 

3 1848 936 1976 192 4952 0.5101 

4 2264 976 1800 408 5448 0.5439 

Place 

Total (Pi) 

7422 3784 8072 1392 20670  

MSE (Si
2) 221952 55488 15552 10800   

Wi 1.352x 

10-5 

5.407x 

10-5 

1.929x 

10-4 

2.778x 

10-4 

5.3829x 

10-4 

 

WiPi 0.1003 0.2046 1.5571 0.3867 2.2487 = G 

Si 14020100 3589056 16381632 524160  

 

1.  C. F. = G2 / t Σ Wi = (2.2487)2 / 4(5.3829 x 10-4) = 2348.4793 
 
2.  TSS = ΣWiSi - C.F.  
             = (1.352 x 10-5) (14020100) + --- + (2.778 x 10-4) 
             = 524160 - C.F. = 1340.7612 
 
3.  SSP = 1/t Σ (WiPi

2) - C.F. 
             = 1/4 {(0.1003) (7422) + --- + (0.3867) (1392)} - C.F. 
             = 1307.9784 
 
4.  SSV = Σ (Witi)2             (0.6047)2 + --- + (0.5439)2   
                ---------- - C.F. = ---------------------------------- = 10.4561 
                  ΣWi.                          5.3829 x 10-4 
                   
5. SSP x V = TSS - SSP - SSV 
                   = 1340.7612 - 1307.9784 - 10.4561 = 22.3267 
 

6. 2 for Int. = (n-4) (n-2) 

                          ------------ Int. 

                           n (n+t-3) 

                            

                          (6-4) (6-2) 

                      = -------------- (22.3267) = 4.2527          n = (r-1)(t-1) 

                           6 (6+4-3) 

7. Compare this computed value with  

                 (p-1) (t-1) (n-4)       (4-1) (4-1) (6-4) 

                --------------------- = --------------------- = 2.57 d.f. 

                    ( n + t - 3)               ( 6 + 4 - 3) 



            here, tabular 2 value 5.99 (2 d.f.) and 7.82 (3 d.f.) at 5 % level are larger 

than computed 2 value (4.2527), hence, interaction (PxV) is non-significant. 

                         

                              MSV        10.4561 / 3  

8. F for Var = -------- = ---------------- = 1.4050 

                         MS Int.     22.3267 / 9 

 

    Here, tabular F values 3.86 (5%) and 6.99 (1%) with 3 and 9 d.f. are larger 

than computed F value (1.4050), hence, treatment is non-significant. 

 

Note : This procedure is very difficult to understand so, generally it is not 

adopted. A simple procedure is as follow : 

                     MS Int.                                     MST 

 F for Int. = -----------             F for treat. = ---------- 

                        MSE                                       MSE                         

 

Case-IV : In this case, we have to set down the means of each treatment at each 

place in a year in the two-way table and carry out a simple analysis of variance. 

This procedure is known as unweighted analysis of variance. 

                   MS Int. 

F for int. = ---------- 

                    MSE 

 

                         MST 

F for treat. = ------------ 

                       MS Int. 

 

         In factorial experiments, treatment may be partitioned into components and 

each component is to be tested against its own interaction. 

 

F-ratio for year, season, location, etc. 

           F for year, season and location is to be tested against replication within year, 

season and location, respectively. 

 

Some useful considerations :- 

1. For most purposes, if the highest error m.s. is not three fold longer than 

smallest error m.s. the error variances can be considered homogeneous. 

2. If season x treat. or year x treat or place x treat interaction is significant, 

partition the interaction into a set of orthogonal contracts that is most likely 

to provide information on the nature of the interaction. 

3. If  2 test for homogeneity of variance is found significant that sites, years or 

season whose C.V. are extremely large (more than 20%) can be excluded 

from the combined analysis. 

 

************** 
 


