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Abstract. A general solution is derived to the problem of characterizing 
block designs that are simultaneously pairwise-balanced and variance- 
balanced. Applications of the characterizations obtained to some prob- 
lems concerned with the local resistance of BIB designs are presented. 
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I .  Introduct ion 

Let D denote a block design in which o distinct treatments,  /'1,..., To, 
are allocated on n experimental  units arranged in b blocks, the allocation 
being described by a o x b incidence matrix N = (n,j), i = 1,..., o, j = 1,..., b. 
The vector of t reatment  replications and the vector of  block sizes of D are 
N l b  = r = (ri) and N ' L  = k = (k]), where L denotes the a x 1 vector of ones 
and N '  is the transpose of N. A block design is said to be equirepl icated if 
r = rio for some positive integer r, and to be proper  if k = klb  for some 
positive integer k. Moreover,  D is said to be pairwise-ba lanced  i f N N '  c ,do, 
where ,'to denotes the set of  o x o matrices with the off-diagonal elements all 
equal; D is said to be variance-balanced if every normalized estimable 
t reatment  contrast  is estimated with the same variance; and D is said to be 
ef f ic iency-balanced if every estimable t reatment  contrast is estimated with 
the same efficiency (cf., e.g., Hedayat  and Federer (1974) and Puri and 
Nigam (1977)). All designs considered in this paper are assumed to be 
connected; i.e., r a n k ( R -  N K - I N  ') = o -  1, where R = diag (rl, . . . ,ro) and 
K =  diag (k l , . . . , kb ) .  It is known (cf., Puri  and Nigam (1975)) that  a 
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