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DESIGNS FOR THE REDUCTION OF EXPERIMENTAL ERROR

As discussed earlier, experimental error – the random, or uncontrolled, variation in the treatment responses – is due, at least in part, to differences amongst the experimental units. We now consider designs to reduce the effect of differences amongst the units on experimental error, and so increase experimental precision.

                     Randomised Block Designs

A randomised block design aims to reduce experimental error by grouping the experimental units into groups, or blocks, of units that differ as little as possible (in their effects on the treatment responses). Some of the variation in the treatment responses, due to differences amongst the experimental units, can then be accounted for as systematic differences between the blocks of units as whole, so reducing the amount of uncontrolled variation (experimental error) in the responses.

We shall consider a randomised complete block design to compare t treatments. In this design the experimental units are grouped into equal blocks of  t similar units, and, within each block, each treatment is allocated one of the units. This allocation is made at random to ensure that the remaining differences between the units within a block do not have a systematic effect on the treatment responses.

Each block of a randomised complete block design thus holds a complete replicate of the set of treatments, and to replicate each treatment b times requires b such blocks.

We now give two illustrations of experimental situations where it would be appropriate to use a randomised block design:

Illustration 1.

Consider an agricultural experiment to compare four varieties T1, T2, T3, T4 of wheat for yield, where each variety is to be grown on five equal plots of land. Suppose the experiment is to be carried out in a field that has a stream running down one side, so that there is likely to be a fertility gradient across the field, with land close to the stream more fertile than land further away. To allow for a systematic change in fertility across the field, we can use a randomised block design, dividing the field into blocks of four plots that are parallel to the stream.
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The four plots within each block will be of similar fertility as they are the same distance from the stream; they are allocated at random to the four wheat varieties. The uncontrolled variation, due to differences in plot fertility, will then be due only to the differences between the plots within the blocks. It will therefore be reduced compared to that for a completely randomised design, in which the 20 experimental plots are allocated at random to the four wheat varieties, subject only to each variety getting five plots.

Illustration 2.

Consider an industrial experiment to compare four chemical processes T1, T2, T3, T4 for yield of a certain chemical product, where five runs of each process are required. Suppose that only four process-runs can be carried out in any one day, so that the experiment has to be spread over five days. It is thought that any differences in external conditions between days (i.e. changes in daily temperature, air pressure, humidity, etc.) could affect the yield of the chemical. To allow for a systematic effect from different days, we can use a randomised block design with the five days as blocks, carrying out one run for each process on each day. The order in which the four processes are run on a particular day would be randomised, to ensure that any remaining differences in external conditions between the times of day at which the processes are run do not have a systematic effect on yield. The uncontrolled variation due to changes in external conditions over the experiment period, will then be due only to differences between ‘times of day’ within days, as the effects of differences in the daily conditions as a whole will have been allowed for. The uncontrolled variation will, therefore, be reduced compared to that for a completely randomised design in which the 20 run-periods are allocated at random to the four processes, subject only to each process having five runs. The previous diagram (without the stream and fertility gradient but with the same blocks) also represents this experiment.

For the analysis the results for a randomised block design, we assume that the effects of the blocks are additive, i.e. that there is no interaction between blocks and treatments. In some experiments, the blocks correspond to different levels of an extraneous ‘blocking factor’, which is not itself being investigated by the experiment (‘day’ is such a blocking factor in Illustration 2 above). In such cases, we need to consider carefully whether the assumption of no interaction between the blocking factor and the treatments being investigated is appropriate. As we are considering only one observation for each treatment in each block, it is not possible to test for interaction between blocks and treatments. To test for interaction we would need to replicate each treatment within each block.

Thus, to analyse the results for the randomised complete block design, we assume the 

additive model
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This randomised block experiment is equivalent to a complete two-factor experiment (the factors being ‘treatment’ and ‘block’), with no interaction between the factors, and where there is only one observation per treatment-combination. The analysis of variance is therefore as given before:-

	Source of

Variation
	                       S.S.
	      D.F.
	M.S.=S.S.
          D.F.
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To test for differences between the effects of the treatments, we test
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Although differences between the effects of the blocks is not of primary interest, we may wish to test for such differences to see whether or not blocking was effective, i.e. whether or not block differences did account for some of the variation in the treatment responses. Thus we may also wish to test the hypothesis
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If differences are found between the block effects, then blocking was effective in reducing experimental error. 

Example 1.

An experiment was carried out to investigate the effect of a potash fertilizer on the strength of cotton. Five concentrations of the fertilizer were used in the experiment, which was conducted in three fields. To allow for possible differences in fertility between the fields, a randomised block design was used. Each field was divided into five plots, and the plots within each field allocated at random to the five fertilizer concentrations. Cotton plants were then grown on all 15 plots, and the strength of the resulting cotton determined for each plant. The results, in coded units, were as follows

                          Strength  of  Cotton     

	   Fertilizer

Concentration
	                Field

  1               2               3

	1 ( 36lb/acre)
	7.22          8.00          7.93

	2 ( 54lb/acre)
	7.74          8.15          7.87

	3 ( 72lb/acre)
	7.36          7.73          7.74

	4 (108lb/acre)
	6.77          7.57          7.80

	5 (144lb/acre)
	7.06          7.68          7.21 


Carry out an analysis of variance to test for differences between the effects of the different concentrations of fertilizer on the strength of cotton. Test, also, for whether or not blocking by field was effective.

If there is evidence of differences between the effects of the different concentrations of fertilizer, investigate how they differ.

Solution.

We assume the additive model
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