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5.1. To plan experimentsTo plan experiments

➢ Exps are expensive 1.  

➢ Many biol. exps are comparative 2. 

➢ ED is aiming to gather as much relevant info. as possible, at the lowest possible cost 3. 

➢ Usually one method may give the same degree of evidence as the other, but at a lower cost 4. 

➢ An ethical aspect: efficient exps can reduce the need for animals in animal exps.
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5. THE BASICS OF EXPERIMENTAL 
DESIGN

1 each measurement carries with it a cost, in time or in money;

2 you want to compare different treatments, e.g. varieties, feeding schemes etc.;

3 ED can be defined as observations under controlled conditions;

4 if there is a choice between two methods of designing, you would prefer the cheaper alternative. 
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What factors affect the choice ED? 1

• many believe: it is the number of observations. 

• other factors: e.g. blocking 2. 

➢ How to make an inefficient exp.?: 

➢ You can spend large resources on measurements where the variation is small 3.

➢ So, observations have a different “value”, depending on the ED.

➢ ED therefore influences the analysis of data. 
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1 the pre­cision of an exp.;

2 i.e. we compare the treatments within blocks of units that are as similar as possible, e.g. 
different feeding schemes for pigs may be compared within groups of pigs that are litter mates: the 
influence of biological variation can be controlled, and we get a more efficient exp.;

3 This is because errors in chemical analyses are often small, while there may be large variation 
between soil samples. 

3 e.g., it is often less efficient to take 2 soil samples and to make 10 chemical analyses on each 
sample, than to take 10 soil samples and make 2 analyses on each. 

https://thepigsite.com/
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5.2 Terms and definitionsTerms and definitions

➢ In exp. you expose a number of objects to different 
treatments (factors) 1.

➢ Factors can be denoted with capital letters like A.  

➢ The different values or classifications of a factor 
are called levels. 

➢ The number of levels of a factor A will be denoted a 2.

➢ An exp. unit is the smallest unit that is given an individual treatment 3.
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1 e.g. different fertilizers, temperatures etc.;

2 Example 1. Three feeding schemes for calves: the factor A=feed, with a=3 levels, A1=high protein level; A2=normal 
protein level, and A3=low protein level.
Example 2. You want to compare four ecol. fertilizers on tomatoes: the factor A=fertilizer has a=4 levels: 
A1=Compost; A2=Sawdust;A3=Grass; and A4=Control;

3 from which data will be collected.
Example 3: The calves are fed individually: the calf is the exp. unit; all calves in a box are fed together: the 
box is the exp. unit.
Example 4: Each tomato plant is fertilized individually: the plant is the exp. unit;.you fertilize a box with e.g. 
10 plant: the box is the exp. unit. 

https://www.feednavigator.com/Article/
2017/09/01/Is-tree-bark-the-remedy-for-
diarrhea-in-calves
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➢ Exp. can simultaneously contain many factors (factorial exps.) 1.

➢ A factor may be fixed (FF) or random (RF) 2:

➢ FF if you selected the levels of the factor, you are only interested 3.

➢ RF if the levels are (or can be regarded as) a random sample from a population of levels 4.
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1 e.g. ”gender” might be a factor with two levels “male” and “female” and “diet” might be a factor with three 
levels “low”, “medium” and “high” protein.

2 depending on how the levels of the factor were selected;

3 e.g. you are only interested in three levels of feeding: A1; A2; A3. 

4 e.g. some agricultural exps are undertaken on farms, so the farm may be regard as a RF, representing a large 
population of farms. Typical RF are farms, herds and stands (a group of growing plants of a specified kind, 
especially trees). 
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5.3. Experimental design: replicationExperimental design: replication

➢ E.g. how to study which of two varieties gives the highest yield?

➢ You plant variety A on one field, and variety B on another field. 

➢ Result: variety A gives the highest yield.  

➢ Can you generalize the result? 1

➢ Probably not: one field alone is not enough to draw conclusions. 

➢ You need more data to give a general recommendation.
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1  i.e could you safely advice to use variety A?

1

2

A

B
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➢ You need more observations (replication).

➢ Replication makes it possible to estimate the exp. error 1:

➢ If you increase the number of replicates you get a more precise result 2.

➢ What are ”real” replicates?

➢ Two fields divided in two plots: variety A is planted on both plots on one field, variety B 
on both plots on another field. 

➢ Do we now have replicates? 3
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1 This can be done by calculating the variance among all units that have the same treatment. It (σ2 )measures 
how far each number in the set is from the mean: it is calculated by taking the differences between each 
number in the set and the mean, squaring the differences and dividing the sum of the squares by the number 
of values in the set. The SD (σ) = square root of variance.

2 because the variance of a sample mean is σ2/n, so σ2 become smaller when N increases. 

3 yes.
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➢ E.g., we want to estimate an average OM content in soil.

➢ How many “real” replicates do we have?:

• one soil sample from one location, 200 analyses 1;

• one soil sample from each of 10 locations, 20 analyses of each sample 2;

• select 10 areas, 10 samples from each area, 2 analyses of each sample 3;

• select 10 areas, 10 samples from each area (mix them in one), 2 analyses of each mixed sample 4.

➢ E.g., we want to estimate an average OM content in soil.

➢ How many “real” replicates do we have?:

• one soil sample from one location, 200 analyses 1;

• one soil sample from each of 10 locations, 20 analyses of each sample 2;

• select 10 areas, 10 samples from each area, 2 analyses of each sample 3;

• select 10 areas, 10 samples from each area (mix them in one), 2 analyses of each mixed sample 4.
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1 No; 2 No; 3 Yes; 4 No; 
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5.4. Experimental design: local controlExperimental design: local control

➢ E.g. two varieties A and B are compared. 

➢ There are four fields: 1, 2 are located together close to the road, and 3, 4 together some 
distance from the village.

➢ Where to plant variety A and B?

➢ One approach: A on fields 1 and 2, and B on fields 3 and 4. 

➢ Is this approach good enough?
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1

2

3

4

A B

V
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➢ Result: A gives the highest yield.

➢ Question: the result occurred because of the soil, or because A was better?

➢ A better alternative: A on one of the fields (1 or 2), and B on the other. The same with 
fields 3 and 4. 

➢ The comparison between A and B is less affected by possible differences in soil 
conditions. 

➢ This would give a fair comparison between the two varieties (“local control”).
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AA
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5.5. Experimental design: randomizationExperimental design: randomization

➢ E.g. we decided to plant A on either field 1 or 2. 

➢ How to decide which field to chose?1

➢ Assume you just selected one of them.

➢ Is this random selection? No.

➢ Why? We all have biases: even we are not always conscious / k n s/ˈ ɒ ʃə  of them.

➢ The only way to assign A and B to fields 1 and 2 by process that cannot be controlled by 
the researcher.
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1 at first glance this does not seems to be 
important question.
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How to do this?

➢ Toss a coin 1.

➢ Mix the chits of paper with names and draw them from a bowl.

➢ Use table of random numbers.

➢ Numbers can be generated by computer 2.
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1 e.g. if “head” turns up, use A. Only if you have two treatments (аверс-реверс);

2 Microsoft Excel has a function to produce random numbers: =RAND(). E.g. you want random 
numbers from 1 to 200, you could enter: =INT(200*RAND())+1.

The INT eliminates the digits after the decimal, the 200* creates the range to be covered, 
and the +1 sets the lowest number in the range.

https://www.donnaonthebeach.com
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How to use: 1

1. E.g. we want to randomly sample 5 units of 
a population of 200 units, each has been 
assigned a number from 1 to 200 2.

2. Without looking, point to a starting spot in 
the table, e.g. 75635.

3. So, 756 (too large, > 200), we choose the 
next number in that column: 407 (too large), 
etc.

4. We arrive at 070 (07015), 038 (03811), 045 
(04594), 055 (05542), and 194 (19428).

7. RESULT: Units 38, 45, 55, 70, and 194 will 
be used for our random sample.
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1 one of variety of methods;

2 since the population size is a three-digit number, we will use the first 
three digits of the numbers listed in the table.

75635

07015

03811

04594
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5.6. Experimental design: balance and completenessExperimental design: balance and completeness

➢ Balanced exp.: there is an equal number of observations for each treatment combination 1.

➢ If some treatment combinations are missing the exp. is incomplete.

➢ BE are easier to analyze and to interpret.
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1 otherwise it is not. It is not necessarily essential but it is simpler than 
unbalanced and desirable if an equal accuracy or confidence interval width for 
treatment comparisons is important. 

https://articles.extension.org/pages/69751/introduction-to-randomization-and-layout
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➢ An unbalanced exp. add complexity to the analysis of the data 1. 

➢ An unbalanced incomplete block design can be used for a smaller experiment 2, 3. 
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1 E.g.  some levels are expected to produce greater variation than others and so 
more units are assigned to those levels;

2 not every treatment pair occurs together equal amounts of time;

3 is small enough to repeat up to four times and still remain smaller than the 
balanced design. 
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5.7. Treatment structure and design structureTreatment structure and design structure

➢ TS: the set of treatments (treatment combinations) that the experimenter has selected to 
study and/or compare. 

➢ E.g. if compare varieties, the varieties are the treatments 1. 

➢ DS: the grouping of the exp. units into homogeneous groups or blocks 2. 
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1 treatments may be amounts of fertilizer used; types of feeding schemes, etc;

2 tells you in what way you attempt to achieve local control;

3 to assign treatments of TS to experimental units DS

TS

RANDOMIZATION 3

DS
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➢ Question: why DS is important?

➢ Answer: to ensure a fair comparison when the number of exp. units is “small”

➢ Commonly used DS: 

• completely randomized design (CRD);

• randomized complete block design (RCBD);

• Latin square design (LSD), etc.

➢ Question: why DS is important?

➢ Answer: to ensure a fair comparison when the number of exp. units is “small”

➢ Commonly used DS: 

• completely randomized design (CRD);

• randomized complete block design (RCBD);

• Latin square design (LSD), etc.
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5.8. CCompletely randomized designompletely randomized design

➢ CRD: the treatments are assigned completely at random 1.

➢ CRD is appropriate only for exp. with homogeneous exp. units 2. 

➢ For field exp., (generally large variation among exp. plots, e.g. in soil), the CRD is rarely used.

1. One factor.

➢ E.g.: three varieties A, B and C; field - may be divided in 12 plots:
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1 so that each experimental unit has the same chance of receiving any one treatment: any difference among 
experimental units receiving the same treatment is considered as experimental error;

2 e.g. laboratory experiments, where environmental effects are relatively easy to control. 

B A A

A C C

C B B

C A B
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2. Two or more factors.

➢ E.g.: two feeding schemes, A1, A2; and two cows varieties B1 and B2; i.e. four treatment 
combinations: A1B1, A1B2, A2 B1 and A2 B2; i.e. four cows of each variety.

➢ How to design the exp.?

➢ One way: randomly select two cows of each variety for  A1, and two for A2.

➢ More than two factors: e.g.: the level of NPK as factors; each has three sub-levels 1  = 27 
treatment combinations (3x3x3); two replications = 54 plots 2, 3.
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treatment combinations (3x3x3); two replications = 54 plots 2, 3.
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1 e.g. low, medium, high;

2 e.g. how to keep the number of treatment small: e.g. try to reduce the number of levels = 8 (2x2x2) 
combinations;

3 Why include so many factors in the same exp.? One reason is that it allows to study interactions between 
the factors.

1 2 3 4
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5.9. Randomized block designRandomized block design

➢ RBD: subjects divided into subgroups (blocks)1, then, subjects within each block are 
randomly assigned to treatment conditions.

➢ RBD: widely used in forestry research and suites well for field exp..

➢ So, RBD presented by blocks of equal size, each of which contains all the treatments.

➢ E.g. a field has a slope 2.

➢ We can improve ED so that it catches 
the differences in e.g. soil fertility 3.
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1 the variability within blocks is less than the variability between blocks;

2 in the direction of the arrow;

3 each treatment is present once in each row.

B A C
A C B
C B A
C A B

1 2 3
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➢ E.g. we want to study how yield of leek depends on the time for adding compost (0, 2 or 
4 weeks) and distance between the rows (50 and 70 cm).

➢  RBD may be organized as follows:

➢ E.g. we want to study how yield of leek depends on the time for adding compost (0, 2 or 
4 weeks) and distance between the rows (50 and 70 cm).

➢  RBD may be organized as follows:
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Block 1

0/50 4/70 4/50
2/70 0/70 2/50

Block 2

4/70 0/50 4/50
2/50 0/70 2/70

Block 3

2/70 4/70 0/70
2/50 4/50 0/50
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5.10. Latin square designLatin square design

➢ LSD: very efficient designs allowing two blocking factors 1. 

➢ E.g. a plot of land where the fertility might change in both directions, both rows 
and columns can be used as blocking factors 2.

➢ E.g. to compare four varieties A, B, C, D, the field can be divided in 16 plots, each 
variety can be planted on four plots (replication).

➢ The field has uneven conditions, 
gradually changing from the top left 
to the lower right corner.

➢ Distribute the treatments randomly
each only once in each row and column.
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1 you can simultaneously control (or eliminate) two sources of variability;

2 LSD can be used in many other exp..

B A C D

D B A C

A C D B

C D B A
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5.11. Split plot designSplit plot design

➢ SPD: consists of two exp. with different exp. units of different “size”. 

➢ E.g. sometimes you need to use different blocking schemes for different variables. 

➢ E.g. we have variety (A; B; and C) and method of tilling (1; 2; 3; and 4) as factors 1. 
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1  the different tilling methods can only be used on rather large areas, while 
plants can grow on small plots.
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➢ SPD: the tilling methods are applied on main plots, while the varieties on split 
plots within the main.

 Block 1   Block 2    Block 3

➢ SPD: the tilling methods are applied on main plots, while the varieties on split 
plots within the main.

 Block 1   Block 2    Block 3
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B C

A A

C B

A C

B A

C B

A A

C B

B C

C B

B A

A C

C B

B C

A A

B A

A C

C B

a* b dc

* Tilling method
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