
Cross-Over Design
Reference: Cochran, W. G., and G. M. Cox. 1957. Experimental Designs. pp. 127-131.

The cross-over design is applicable to dairy husbandry and bioassay experimentation. It
resembles a latin square, but can have an advantage when the number of treatments is small. It is
useful when it is known beforehand that the experimental units differ in the magnitude of
response to the treatments. For the simplest case, where there are two groups of experimental
units which are known to differ in their response to the treatments, the experimental units can be
grouped in pairs such that one member of the pair (better) is expected to give a high response to
the treatment and the other member of the pair (poorer) is expected to give a low response to the
treatment. Two treatments (A and B) can be applied in such a way that each treatment is applied
to the better member of the pair in half of the replicates and to the poorer member of the pair in
the other half of the replicates. Thus, replicates or pairs, which must be even in number, are
divided at random onto 2 equal sets, and the first half receive treatment A on the better member
and the second half receive treatment A on the poorer member.

An example of this exists in the dairy industry in which the amount of milk produced in
the first and second half of the lactation period is very different. It is lower in the second half. In
a test of the effect of feeding 2 rations on the amount and quality of milk, each ration should be
tested on every cow by feeding it either in the first or second half of the lactation period so that
each cow gives a separate replicate. If we want to test 2 rations on 20 cows, giving a total of 20
replicates, we must separate the cows into those in the first or second half of their lactation
period. The analysis of variance for this experiment is shown below:

Source df
Pairs or reps 9
Period of lactation 1
Treatment 1
Error 8
Total 19

The 1 df for period of lactation removes from error the average difference between
lactation periods. If the difference between the first and second lactation periods is not relatively
constant, this variation enters experimental error.

The calculating machine problem used early in the course can be used as an example of
the cross-over design. You will recall that the experiment was conducted in such a way that
calculating machine A was used first in half the replicates and calculating machine B was used
first in the other half of the replicates. The machine used in the second calculation would have an
advantage in that the operator is familiar with the numbers resulting in a faster time. Therefore,
for a fair comparison, each machine must be used first 5 times and second 5 times if 10 replicates
are used.

In order to carry out the analysis the data must be arranged in a table with order of
calculation and replicates separated out.



Replicates (Pairs)

Order 1 2 3 4 5 6 7 8 9 10 Total

First A30 B21 A22 B13 B14 A29 B8 A14 A23 B24 198
(Poorer)

Second B14 A21 B5 A22 A19 B17 A17 B16 B8 A23 162
(Better)

Rep (Pair) 44 42 27 35 33 46 25 30 31 47 360
Total

Machine A total = 220
Machine B total = 140

Correction factor, cf = 360 /20 = 64802

SS Total = 7730 - cf = 850
SS Rep (Pair) = (44  +42  + ... + 47 )/2 - cf = 2972 2 2

SS Order = (198  + 162 )/10 - cf = 64.82 2

SS Trt (Mach) = (220  + 140 )/10 -cf = 3202 2

SS Error = 850 - 297 -320 - 64.8 = 168.2

Analysis of Variance

Source df SS MS F

Rep (Pair) 9 297.0 33.0 1.57

Order 1 64.8 64.8 3.09 ns

Trt (Mach) 1 320.0 320.0 15.24**

Error 8 168.2 21.0

Total 19 850.0

If order is not removed as in the t test:
SS Error = 168.2 + 64.8 = 233.0
MS Error = 25.89
F test for Trt = 320/25.89 = 12.36**
/12.36 = 3.51 which is the observed t value


