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It has been observed that the agricultural research personnel generally use a Randomized 
Complete Block (RCB) design for most of their experiments involving several levels of a 
single factor, called treatments (or varietal trials). An RCB design is the simplest of all the 
block designs in which every treatment appears in every block precisely once and is the most 
efficient design because there is no loss of information in estimating treatment contrasts as 
well as block contrasts. However, when the number of treatments in an experiment increases, 
the blocks becomes large and it is not possible to maintain homogeneity within the blocks. If 
an experimenter persists with a RCB design, it results in large Intra-Block Variance and hence 
the coefficient of variation resulting from the design is bound to be high. To circumvent this 
problem, recourse is made to incomplete block designs. Many a times an experimenter may 
have to use incomplete block designs because of the nature of the experimental units. An 
incomplete block design is one in which at least one block does not contain all the treatments. 
The advantage of incomplete block designs is that the block sizes are small. These designs are 
non-orthogonal and may have a smaller efficiency factor as compared to RCB designs, but the 
per plot variance in incomplete block designs will be much small as compared to complete 
block designs. Consequently, the pairwise treatment comparisons are estimated more 
precisely in case of incomplete block designs and the coefficient of variation is also very 
small. 
 
The simplest incomplete block design is a Balanced Incomplete Block (BIB) design. The BIB 
designs are variance balanced in the sense that all the possible pairwise treatment 
comparisons are made with equal precision. BIB designs are available for a large number of 
parametric combinations, and are now known to be the most efficient designs in a very wide 
class of competing designs and on the basis of a fairly large class of efficiency criteria. Inspite 
of the fact that these designs are very simple and very efficient, the experimenters do not use 
them in experimentation possibly because the layout plan of these designs is not readily 
available. Secondly, the experimenters also feel that the analysis of the data generated from 
these designs and then interpreting the results may also be a problem.  
 
There are several catalogues of BIB designs available in the literature [see e.g. Takeuchi 
(1962); Fisher and Yates, (1963); Raghavarao, (1971); Kageyama (1972); Hall Jr. (1986); 
Mathan and Rosa (1990), Parsad, Gupta and Khanduri (2000)].  These catalogues only list the 
parameters of the design and their methods of construction.  The generation of the layout of 
the design is not easy, as it is mathematically quite complicated.  
 
Keeping these problems in mind a Statistical Package for Block Designs (SPBD Release 
1.0), a user friendly package that can be run without the aid of a manual, has been developed 
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at IASRI, Library Avenue, New Delhi-110012. This software is complete in every respect and 
enables an experimenter to select, generate and give randomized layout of a BIB design. The 
package also gives analysis of variance with both treatments adjusted and block adjusted sum 
of squares, adjusted treatment means, standard error of difference between two adjusted 
treatment means, critical difference at 5 percent and 1 percent levels of significance, 
coefficient of variation, contrast sum of squares, variance of the estimated contrasts, 
calculated F-values of estimated contrasts, etc. The package includes BIB designs with 
replication number upto a maximum of 20 for asymmetric designs and replication number and 
block size upto a maximum of 30 for symmetric BIB designs.  
 
On installing this package, it creates a directory SPBD that includes all the Programs and 
Data files. We use the command BIBD to run the package. After this the user can proceed 
further by use of Enter key or as suggested by the package through instructions. The 
definitions of terminology used are also available during program execution. The package can 
be very useful for illustration purposes in classroom teaching as well as for the researchers 
in Statistics with special emphasis on Experimental Designs. 
 
MAIN FEATURES OF THE PACKAGE  
 

There are three main modules of this package. These are  
1. Catalogue of BIB Designs 
2. Generation of the design and randomized layout 
3. Analysis of the data generated from a BIB Design 
 
We now describe the salient features of each of the three modules. 
 
1.  CATALOGUE OF BIB DESIGNS 
This module has the following sub-options to view a catalogue of various classes of BIB 
Designs: 
 

All BIB Designs 
SYMMETRIC BIB Designs 
1-RESOLVABLE BIB Designs 
α -RESOLVABLE BIB Designs 
FAMILY (A) - BIB Designs 
BIB Designs for which solution is unknown  
1-RESOLVABLE BIB designs for which solutions are not known 
α (≥2)- RESOLVABLE BIB Designs whose solutions are unknown 
NON - EXISTENT BIB designs 

Experimenters interested in laying out an experiment may select All BIB Designs as the 
option while other options may be selected when the user has some special interests like class 
room teaching, further combinatorial research, etc. Information regarding those designs for 
which solutions are unknown and also those resolvable BIB Designs whose resolvable 
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solutions are unknown, may serve as a ready reference for further research in combinatorial 
aspects. 
2.  GENERATION OF BIB DESIGNS 
This Section helps the user to generate a BIB Design according to the specified parameters. A 
user can pick any one of the following options: 
 

All the parameters        (v, b, r, k, λ) 
The total number of experimental units         (n) 
The number of treatments         (v) 
The number of treatments and the experimental units      (v, n) 
The number of treatments and block size                                          (v, k) 
The number of treatments, blocks and experimental units              (v, b n) 
The number of treatments, blocks and the block size                       (v, b, k) 
 
The package then asks for the type of BIB Designs required from the following options: 
• All BIB Designs 
• Symmetric BIB Designs 
• Resolvable Designs (including α -Resolvable as well as Affine Resolvable and α -

Affine-Resolvable Designs) 
• Family (A) -BIB Designs 
 
An experimenter laying out an experiment may choose All BIB designs as an options while 
for general interest and for illustration purposes in the class room teaching one may choose 
other options.  
 
After an option is selected, all the possible BIB Designs for that option are displayed along 
with their efficiency factor. After selecting one design from the various options, the package 
provides the following options: 
• Above design 
• Complementary design 
• Dual design 

However, if the selected design is a Symmetric BIB Design, then in addition to above 
options, the following options are also available: 
• Residual design 
• Derived design 

In case an experimenter laying out the experiment makes Above Design as an option, the 
selected design will then be displayed on the monitor. For the option Above Design there will 
be only one design displayed. 
 
For options Complementary Design and the Dual Design, two designs are displayed on the 
monitor in sequence, the first being the original selected design and the other being a 
complementary or a dual design.  
 
For the options Residual Design and the Derived Design, three designs are displayed on 
the monitor in sequence, the first being the original selected design, the second being is the 
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residual or derived design and the third being the residual or derived design with treatments 
renumbered.  
 
Once the layout of the design has been generated, the package then provides the randomized 
layout of the design.  Once the randomized layout is displayed, then the experimenter can 
adopt this layout in the field. 
 
The output from both the two modules just described can be seen on screen, written on a text 
file or a direct print out can be taken. 
 
3. ANALYSIS OF THE DATA GENERATED FROM BIB DESIGN 
The analysis of variance may also be performed on the data generated from a BIB Design 
through use of an option in the package. An ASCII file is to be created for the analysis. This 
module has the following options: 
 
Instructions for the DATA FILE  
This option gives the method to prepare the ASCII data file. 
 
How to Create a DATA FILE? 
First Record of DATA FILE should contain number of treatments (v), number of blocks (b) 
and block size (k), each separated by blank(s). 
 
For 3 treatments, 3 blocks each of size 2, we enter: 
3 3 2 
 

If total number of observations (i.e. Total Experimental Units) is n, then records 2 to n+1 are 
to be entered in 4 columns viz., serial number, block number, treatment number, and 
observation each column being separated by blank(s). 

Example:  Given below is a sample data from an experiment. 
                              Layout      Observations 
                         (treatments)   (data values) 
For v=3   block-1     (1,2)       (47.80, 52.75) 
       b=3   block-2    (1,3)       (45.60, 49.65) 
       k=2   block-3    (2,3)       (43.60, 44.50) 
 

For Analysis the Data file should have the following seven records. 
3 3 2 
1 1 1  47.80 
2 1 2  52.75 
3 2 1  45.60 
4 2 3  49.65 
5 3 2  43.60 
6 3 3  44.50 
 
 
Instructions for CONTRAST Analysis 
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This option gives the definition of a TREATMENT CONTRAST and also gives how to 
prepare contrasts for the analysis. The experimenter can define his/her own treatment 
contrasts of interest.  There is no limit on number of treatment contrasts.  
 
How to Perform CONTRAST ANALYSIS? 
The Package gives adjusted treatment mean, block totals, ANOVA for adjusted treatment 
effects for testing the significance of equality of treatment effects and ANOVA for adjusted 
block effects for testing the significance of equality of block effects and Standard error of 
difference between any two adjusted treatment means. However, if the user is interested in 
testing the significance of some particular comparison, then CONTRAST ANALYSIS can be 
of help. 
 
CONTRAST: It is a linear combination of treatments effects such that sum of coefficients in 
the linear combination is zero, i.e., 

∑
=

v

1i
ii tl is a contrast if   ∑

=

v

1i
il = 0, where ti  is ith treatment effect. 

e.g., 2 t1 + t2 - t3 - 2t4 is a CONTRAST. 
 
The Software Prompts with: 
Whether interested in CONTRAST ANALYSIS? Press 1 for Yes and 2 for No. 
 
If Option is 1, the user is asked to enter the CONTRAST and when Option is 2, the package 
exits CONTRAST ANALYSIS. 
 
PROCEDURE FOR ENTERING A CONTRAST 
If there are v treatments and the user is interested in CONTRAST ANALYSIS, then v 
coefficients are to be entered such that each is separated by blank(s).  

Example: If there are 7 treatments and the user is interested in the CONTRAST t1 - t4, then 
the data is to be entered as: 1 0 0 -1 0 0 0. 

This process continues until Option 2 is selected. 
 

Demo of Steps and Formulae involved in Analysis of a BIB design data 
This option gives the various steps and formulae involved in the analysis of the data generated 
through the BIB design.  
 
Analysis of the BIB data 
This option when invoked asks the name of the data file. Once the name of the data file is 
given the Software Prompts with: 
 
Whether interested in CONTRAST ANALYSIS? Press 1 for Yes and 2 for No. 
 

As soon as the option 2 is given, it asks for the name of the output data file.  The results are 
displayed on screen as well as written on the output data file. 
The Package gives adjusted treatment means, block totals, ANOVA for adjusted treatment 
effects for testing the significance of equality of treatment effects and ANOVA for adjusted 
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block effects for testing the significance of equality of block effects and Standard error of 
difference between any two adjusted treatment means. However, if the user is interested in 
testing the significance of some particular comparison, then CONTRAST ANALYSIS can be 
of help. 
 
More details about these steps are given in the APPENDIX.  The definitions of various useful 
terms are also given in the APPENDIX. 
 
4.  FUTURE DIRECTIONS 
SPBD Release 1.0 is MS-DOS based software. Efforts are being made to develop a 
WINDOWS version of the software. Windows version encompasses all the features as 
described above. Besides this the new software developed will be able to generate the 
randomized layout of a randomized complete block design. The package also analyses the 
data generated from any block design (Complete or incomplete) and as well from resolvable 
block designs.  It would work like an expert system in the sense that if design is orthogonal 
then it provides only one ANOVA otherwise it gives analysis of variance with both treatment 
adjusted and block adjusted sum of squares. The package also gives the R2, Coefficient of 
variation, Root mean square error, and general mean of dependent variable. If the design is 
equi-replicated and variance balanced then it also gives critical difference (CD) at 5% or 1% 
depends on significance level of treatment effects in the ANOVA table (if treatment effects 
are significant at 5% then CD is displayed at 5% and treatment effects are significant at 1% 
then CD is displayed at 1%. If the treatment effects are not significantly different then CD is 
not displayed). Besides the above, one can obtain predicted values, residuals, treatments 
means, Adjusted treatment means, all possible pairwise treatment comparisons and Genotypic 
and phenotypic variances. A null hypothesis on any treatment contrast can also be tested.  
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APPENDIX 
BIB Design: It is an arrangement of v treatments in b blocks such that each block contains k 
(<v) distinct treatments and: 
 1. Each treatment appears in exactly r blocks. 
 2. Each pair of distinct treatments appears together in λ blocks.  
 
v, b, r, k, λ are known as parameters of a BIB design and  satisfy following relations: 
 
a) vr =  bk (total number of experimental units) 
b) r(k-1)  =  λ(v-1) 
c) b ≥ v    (Fisher's Inequality) 
 
EFFICIENCY of a BIB design as compared to a RCB Design with same number of 
replications is the ratio of variance of a contrast estimated through RCB Design to that of a 
BIB Design assuming that error variances are same through both designs.   For a BIB Design 
E.F. (Efficiency Factor) is (λv)/(rk). 
 
Symmetric BIB Design: A BIB Design D (v, b, r, k, λ) with v = b or r = k is known as a 
SYMMETRIC BIB Design. For a SYMMETRIC BIB design any two blocks have λ 
treatments in common.  A symmetric BIB design (v, b, r, k, λ) is Existent only when 
1. v is even, r-λ is a perfect square. 
2. v is odd, (k-λ)x2 +  (-1)(v-1)/2λy2 = z2 has a solution. 
 
1- Resolvable BIB Design: A BIB design D (v, b, r, k, λ)) is said to be 1-RESOLVABLE if 
its blocks can be grouped into r sets of blocks, each set containing b/r blocks such that every 
treatment appears in each set exactly once. Each group is a complete replicate.  
 
For 1-RESOLVABLE BIB design (b/r) = (v/k) is an Integer and  
1. b > (v+r-1) if (k2)/v is not an Integer. 
2. b = (v+r-1) if (k2)/v is an Integer.  
  
A 1-RESOLVABLE BIB design with  (k2)/v as an Integer is known as AFFINE-
RESOLVABLE BIB design and for this any two blocks of different sets have a constant 
number of treatments in common. 
 
α -RESOLVABLE BIB Design: A BIB design D (v, b, r, k, λ)) is said to be α-
RESOLVABLE if its blocks can be grouped into t sets such that each set contains m blocks 
and every treatment appears in each set exactly α times.  
 
For α -RESOLVABLE BIB design  
i)     vα = km; b = tm; r = tα and 
ii)    b >  (v+t-1); if  (k 2) / v is not an Integer. 
iii)   b =  (v+t-1); if  (k 2) / v is an Integer.  
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An  α -RESOLVABLE BIB design with (k2)/v as an Integer is known as AFFINE α -
RESOLVABLE BIB design and for this any two blocks in the same set have constant 
number of treatments in common say q1 and any two blocks from different sets have a 
constant number of treatments in common say q2. 
 

FAMILY (A)-BIB Design: A BIB Design D (v, b, r, k, λ) with b=4(r-λ) is FAMILY (A) - 
BIB Design. 
 

COMPLEMENTARY BIB Design: COMPLEMENTARY of a BIB design D1 (v, b, r, k, λ) 
is obtained by taking in the jth Block of the Complementary BIB design D2 all those 
treatments which do not occur in jth Block of D1 for j = 1, 2, 3, ..., b.  The parameters of the 
Complementary BIB design are v, b, b-r, v-k, b-2r+λ. 
 

DUAL Design: Dual of a BIB Design D1 (v, b, r, k, λ) is obtained by interchanging the role 
of treatments and blocks, i.e., contents of ith block of the DUAL design D2 are the blocks of 
design D1 in which treatment i appears. The Dual of a BIB design need not necessarily be a 
BIB design.  
 

Please note that: 
1. Dual of a Symmetric BIB design is always a symmetric BIB design with same parameters. 
2. Dual of an affine α-resolvable BIB design is a semi-regular group divisible design. 
3. If D1 is an asymmetric BIB design with parameters v, b, r, k, λ=1, then its dual design D2 

is a partially balanced incomplete block design with two-associate classes PBIB (2) [ For 
details see, Raghavarao (1971)] with parameters as v1 = b, b1 = v, r1 = k, k1 = r, λ1 = 1, λ2 
= 0, n1 = k(r-1) and n2 = b-1- n1. 

4. The dual of a BIB design with parameters v = (r-1)(r-2)/2, b = r(r-1)/2, r, k = r-2, λ = 2 is 
a PBIB(2) design with parameters as v1 = b, b1 = v, r1 = k, k1 = r, λ1 =1, λ2 = 2, n1 = 2(r-2) 
and n2 = (r-2)(r-3)/2. 

 

Residual Design: RESIDUAL of a BIB D1 (v = b, r = k,λ) is obtained by deleting any one 
block of D1 and all those treatments which appear in the deleted block from the remaining (b-
1) blocks of D1. This procedure is also known as BLOCK SECTION. The parameters of the 
Residual BIB design D2 are v-k, b-1, r, k-λ, λ. 
 

Derived Design: DERIVED design of a BIB design D1 (v = b, r = k,λ) is obtained by 
deleting any one block of D1 and retaining all those treatments which appear in the deleted 
block from the remaining (b-1) blocks of D1. This procedure is also known as BLOCK 
INTERSECTION. The parameters of the Derived BIB design D2 are k, b-1, r-1, λ, λ-1. 
 

Steps involved in Analysis of a BIB design data 
An experiment was conducted by using a Balanced Incomplete Block (BIB) Design with 
parameters v, b, r, k and λ where v denotes the number of treatments, b the number of blocks, 
r the number of replications, k the block size and λ the number of replications of pairs of 
treatments, i.e., concurrences. 
 

Step 1: sing the First Record, the program obtains parameters of a BIB design using its 
various parametric relationships viz., 



SPBD Release 1.0 

 I-85

      (i)  vr = bk;                (ii) λ(v-1) = r(k-1) and        (iii)   b  ≥ v 
Step 2: based on design parameters, the following quantities are evaluated. 
 Total Number of observations (v ×  r)  = n 
 Grand Total  = GT = Sum of all observations    
 Grand Mean = GM  = GT / n 
 Correction Factor  = CF   =  (GT2) / n 
 

Step 3: TREATMENT TOTALS and BLOCK TOTALS are obtained. 
 

Step 4: Qi = Adjusted treatment (i) total = Treatment (i) total - (Sum of block totals in which 
treatment i appears)/ block size (= k) 
 

Step 5: Treatment (i) effect    =  (k x Qi)/(λv) = it̂ ,  
 

Step 6:  adjusted treatment (i) mean = Treatment (i) Effect + GM 
 

Step 7: Various Sums of Squares are: 

           a.  Total SS (TSS)         = Sum ((cell observation)2)-CF 
           b.  Treatment SS (SST) = Sum [((Treatment Total)2)]/r-C.F. 
                (unadj.) 
           c.  Block SS (SSB)        = Sum [((Block Total)2)]/k-C.F. 
                (unadj.) 
           d. Treatment SS (ASST) = k [Sum (Qi2)]/ (λv) 
               (adj.) 
           e. Error SS (SSE) = TSS - SSB - ASST 
           f.  Block SS (ASSB) = ASST - SST + SSB 
               (adj.) 

ANOVA for Adjusted Treatment Effects 
Source of      Degree of      SS               MS                                  F 
Variation      Freedom 
Blocks              b-1               SSB 
(unadj.) 
 Treatments      v-1             ASST     MST=ASST/(v-1)    MST/MSE   ~ F(v-1,n-v-b+1) 
(adj.)                                                               
Error           n-v-b+1            SSE       MSE= SSE/(n-v-b+1)                                                          
Total              n-1               TSS 

ANOVA for Adjusted Block Effects 
 Source of           Degree of           SS            MS                                 F 
Variation            Freedom 
Treatments         v-1                   SST 
(unadj.)                                                                     
Blocks                b-1                 ASSB    MSB= ASSB/(b-1)    MSB/MSE ~  F(b-1,n-v-+1) 
(adj.)                                                                                                
Error             n-v-b+1                 SSE     MSE 
Total                 n-1                    TSS 



SPBD Release 1.0 

 I-86

Coefficient of variation = (MSE/GM) × 100 
Standard error of difference between two adjusted treatment means  =[(2k)(MSE)/ λv)]1/2. 

Estimated Contrast Sum of Squares = ( ) ∑ ∑
= =

v

i

v

i
iii ltl

1 1

22 )/()ˆ(kv/λ  

Variance of the estimated contrast   = ( ) )(
1

2∑
=

v

i
ilMSEk vλ/  

Calculated value for the Contrast     = Contrast Sum of Squares/MSE 
Exercise: An Experiment was conducted using a BIB design with parameters as v = 13, b = 
13, r = 4, k = 4, λ = 1. The layout and data obtained is as given under: 
block-1    (3,6,9,11)       (55,39,58,49) 
block-2    (3,4,8,12)       (45,35,65,42) 
block-3    (10,11,12,13) (30,35,62,53) 
block-4    (2,5,8,11)       (50,51,70,34) 
block-5    (7,8,9,10)       (47,60,61,62) 
block-6    (4,5,6,10)       (60,65,55,65) 
block-7    (1,5,9,12)       (69,62,50,60) 
block-8    (3,5,7,13)       (65,65,66,75) 
block-9    (1,2,3,10)       (77,65,75,63) 
block-10  (2,4,9,13)       (55,60,55,71)   
block-11  (1,4,7,11)       (70,62,60,55) 
block-12  (1,6,8,13)       (65,63,55,85) 
block 13   (2,6,7,12)      (60,65,80,53) 
Analyze the data. 
 
Procedure: Prepare a ASCII Data file for Analysis in any text editor as follows: 
13 13 4 

1 1 3 55 
2 1 6 39 
3 1 9 58 
4 1 11 49 
5 2 3 45 
6 2 4 35 
7 2 8 65 
8 2 12 42 
9 3 10 30 

10 3 11 35 
11 3 12 62 
12 3 13 53 
13 4 2 50 
14 4 5 51 
15 4 8 70 
16 4 11 34 
17 5 7 47 
18 5 8 60 
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19 5 9 61 
20 5 10 62 
21 6 4 60 
22 6 5 65 
23 6 6 55 
24 6 10 65 
25 7 1 69 
26 7 5 62 
27 7 9 50 
28 7 12 60 
29 8 3 65 
30 8 5 65 
31 8 7 66 
32 8 13 75 
33 9 1 77 
34 9 2 65 
35 9 3 75 
36 9 10 63 
37 10 2 55 
38 10 4 60 
39 10 9 55 
40 10 13 71 
41 11 1 70 
42 11 4 62 
43 11 7 60 
44 11 11 55 
45 12 1 65 
46 12 6 63 
47 12 8 55 
48 12 13 85 
49 13 2 60 
50 13 6 65 
51 13 7 80 
52 13 12 53 

 
Save it as say BIB1.dat.  Use the option Analysis of the BIB Data. 
 
Software prompts with Input Data File Name.  Give the Data file name. Then it asks whether 
interested in CONTRAST ANALYSIS. Enter 1 for YES and 2 for NO. Suppose we are 
interested in the contrast t1 - t2 +2t3 -t4 - t5, write 1 and enter the contrast coefficients as 1 -1 2 
-1 -1 0 0 0 0 0 0 0 0. If not interested in any other contrast enter 2. Give output file name. We 
get the following output. 
 
 
 
DESIGN PARAMETERS 
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TREATMENTS     BLOCK     REPLICATION     PLOTS/BLOCK     LAMDA 
          13                  13                    4                            4                              1 
  
Total Number of Observations (n = vr)      =           52.0000  
 GRAND  TOTAL                                          =     3054.0000 
 MEAN                                                            =          58.7308 
 CORRECTION FACTOR                           = 179363.8000 
 
TREATMENT   TREATMENT     TREATMENT     ADJUSTED 
 NO.                     TOTAL                 EFFECTS           TREATMENT MEAN 
 T  1                  281.0000                      6.7692                65.5000 
 T  2                  230.0000                     -4.9231               53.8077 
 T  3                  240.0000                       1.6154               60.3462 
 T  4                  217.0000                     -4.0000               54.7308 
 T  5                  243.0000                       0.7692               59.5000 
 T  6                  222.0000                      -6.4615               52.2692 
 T  7                  253.0000                       0.4615               59.1923 
 T  8                  250.0000                       8.4615               67.1923 
 T  9                  224.0000                      -1.3077               57.4231 
 T 10                 220.0000                      -4.2308               54.5000 
 T 11                 173.0000                    -10.8462               47.8846 
 T 12                 217.0000                       0.1538               58.8846 
 T 13                 284.0000                     13.5385               72.2690 
 
BLOCK TOTAL 
 B 1 =            201.0000 
 B 2 =            187.0000 
 B 3 =            180.0000 
 B 4 =            205.0000 
 B 5 =            230.0000 
 B 6 =            245.0000 
 B 7 =            241.0000 
 B 8 =            271.0000 
 B 9 =            280.0000 
 B10=            241.0000 
 B11=            247.0000 
 B12=            268.0000 
 B13=            258.0000                    
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ANOVA (ADJ TREATMENTS EFFECT) 
SOURCE OF VARIATION     D.F.                S.S.                    M.S.            F 
BLOCK(UNADJUSTED)         12            3166.2340            263.8529 
 TREATMENT(ADJUSTED)   12            1701.0000            141.7500      1.80 
  ERROR                                    27            2125.0000              78.7037  
TOTAL                                    51             6992.2340  
   
 S.E. of  Two Adjusted Treatment Mean Differences   =              6.9594 
                                           Coefficient of Variation      =            15.1054 
                              C.D. of Adj.Treat. Effects at 1%     =            19.2845 
                              C.D. of Adj Treat. Effects at 5%     =            14.2807 
 

                          ANOVA (ADJ BLOCK EFFECTS) 
SOURCE OF VARIATION     D.F.                S.S.                 M.S.          F 
BLOCK(ADJUSTED)                12            2320.5000            193.3750      2.46 
 TREATMENT(UNADJ.)          12            2546.7340            212.2279 
 ERROR                                      27            2125.0000              78.7037  
TOTAL                                       51            6992.2340  
 

Contrast Analysis: 
 CONTRAST     1 
 T 1          1 
 T 2         -1 
 T 3          2 
 T 4         -1 
 T 5         -1 
 CONTRAST SUM OF SQUARES                      =            133.8868 
 VARIANCE OF ESTIMATED CONTRAST     =            193.7322 
 S.E. OF ESTIMATED CONTRAST                   =              13.9188 
 CALCULATED F-VALUE FOR CONTRAST  =                0.1611 


