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Unit 1.13B Experimental Design 
 
Directions: Work with your group. Each design you describe should answer three questions: how are units 
grouped (if at all), how are treatments assigned, and what gets compared? 

 
A dairy cooperative wants to know whether a new seaweed feed supplement increases milk production 
compared with its standard feed. The co-op has 24 cows available: 12 Holsteins and 12 Jerseys. Holsteins produce 
far more milk on average than Jerseys, and this difference is expected to be much larger than any effect of the 
supplement. Milk production (pounds per day, averaged over six weeks) will be recorded for each cow. 

(a)  Describe a completely randomized design for this experiment using all 24 cows. 
 

 

(b)  Explain the specific risk of using the completely randomized design in part (a), given what is known about 
the two breeds. 

 

 

(c)  Describe a randomized block design for this experiment. Identify the blocking variable, and explain what 
blocking accomplishes here. 

 

 

(d)  A veterinarian suggests going further: pair up cows of the same breed with similar baseline milk 
production, creating 12 pairs, and randomly assign the supplement to one cow in each pair. Name this 
design, and explain the advantage of this design over the design in part (c). 

 

 

(e)  Suppose the matched pairs experiment shows a significant increase for the supplemented cows. State 
the conclusion the co-op can draw, addressing both cause and effect and generalization. The 24 cows were 
the ones the co-op happened to own. 

 

 

(f)  The co-op manager raises two practical concerns. First, the vet's pairing plan requires four extra weeks of 
individual baseline measurements, and the cows are normally fed in barn groups, not individually. Second, a 
consultant suggests blocking on breed, age, barn location, and lactation stage all at once. Give a justification 
for choosing the randomized block design from part (c) over BOTH of these alternatives. Your reasons may 
not mention extraneous variables; they must be about feasibility, cost, time, or the structure of the herd. 
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(a) Number the cows 1 to 24. Use a random number generator to select 12 unique numbers; those cows receive 
the seaweed supplement, and the remaining 12 receive the standard feed. After six weeks, compare the mean 
daily milk production of the two groups. Treatments are assigned to all experimental units completely at random. 

(b) By chance, the random assignment could place more Holsteins in one group, say 8 Holsteins in the 
supplement group and 4 in the standard group. Because breed differences in production are larger than the 
supplement effect, the breed imbalance could create a difference that masquerades as a supplement effect, or 
bury a real effect. The extra variation from breed makes the treatment comparison less precise. 

(c) Block on breed. Form two blocks: the 12 Holsteins and the 12 Jerseys. Within each block, randomly assign 6 
cows to the supplement and 6 to the standard feed (for example, number the Holsteins 1 to 12 and randomly 
select 6 for the supplement; repeat for Jerseys). Blocking separates the variation in milk production caused by 
breed from the rest of the extraneous variation, so the supplement comparison happens among cows of the 
same breed. This gives a more precise comparison of the treatments. 

(d) This is a matched pairs design, a randomized block design with exactly two treatments in which each block is a 
pair. Pairing on breed AND baseline production removes even more cow-to-cow variation than blocking on breed 
alone: within each pair, the two cows are nearly interchangeable, so the difference within a pair reflects the 
supplement rather than the cows. Tighter matching means an even more precise comparison. 

(e) Because treatments were randomly assigned within pairs, the co-op can conclude that the seaweed 
supplement CAUSED an increase in milk production for these cows. However, the cows were not randomly 
selected from any larger population, so the conclusion generalizes only to cows similar to these 24 (similar 
breeds, management, and conditions), not to all dairy cows. 

(f) Against the matched pairs plan: it delays the experiment by four weeks of baseline data collection and forces 
the co-op to abandon its normal barn-group feeding to feed cows individually, adding cost and labor; the block 
design needs no baseline measurements and can be run within the existing feeding routine by assigning feeds 
within each breed group. Against blocking on four variables at once: with only 24 cows, blocks defined by breed 
AND age AND barn AND lactation stage would contain one cow or none, making it impossible to place both 
treatments in every block; the design collapses. Blocking on breed alone keeps blocks large enough (12 cows 
each) for random assignment within blocks while handling the single largest known source of variation. The best 
design depends on the goals of the study, the characteristics of the herd, and what the co-op can actually carry 
out, not only on statistical precision. 

Teacher note: The progression (a) to (d) is deliberate: each design shrinks unexplained variation, and part (f) then 
pushes back with LO 1.13.C: more precision is not free. Listen for groups who treat “most precise” as 
automatically “best” and make them price it out. A good closing question: “Why not block on something like ear 
tag number?” Blocking only helps when the blocking variable is related to the response. 

 


