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COMPLETELY RANDOMIZED DESIGN (CRD)
1. What is Completely Randomized Design (CRD)?
A Completely Randomized Design (CRD) is an experimental design in which:
· All experimental units are considered homogeneous
· Treatments are assigned to units entirely at random
· Each experimental unit has an equal chance of receiving any treatment
CRD is the simplest and most flexible design used in Design of Experiments.

2. Key Features of CRD
· Only one factor (treatment)
· No blocking or grouping
· Randomization is done over all experimental units
· Replication may be equal or unequal

3. Layout of CRD
General Layout
Let:
· t= number of treatments
· r = number of replications
Total experimental units = t×rt  
Example Layout
Suppose:
· 3 fertilizers: F₁, F₂, F₃
· 4 plots per fertilizer (replications)
Total plots = 12
After randomization, layout may look like:
	Plot No
	Treatment

	1
	F₂

	2
	F₁

	3
	F₃

	4
	F₂

	5
	F₁

	6
	F₃

	7
	F₁

	8
	F₂

	9
	F₃

	10
	F₁

	11
	F₂

	12
	F₃


📌 Important:
There is no pattern—assignment is purely random.

4. Statistical Model of CRD
Yij​=μ+τi​+ϵij​ 
Where:
· Yij​ = observation from iᵗʰ treatment and jᵗʰ replication
· μ = overall mean
· τi​ = effect of iᵗʰ treatment
· ϵij​ = random error
Assumptions:
· Errors are independent
· Normally distributed
· Mean = 0
· Constant variance

5. ANOVA for CRD (Brief)
	Source
	Degrees of Freedom

	Treatments
	t−1

	Error
	N−t

	Total
	N−1


CRD is analyzed using one-way ANOVA.

6. Example of CRD
Problem:
A lab tests 4 chemical catalysts to improve reaction yield.
Each catalyst is tested 3 times.
Treatments:
· C₁, C₂, C₃, C₄
Total experimental units:
4×3=12 
Random Assignment:
Each experimental run is randomly assigned one catalyst.
After conducting the experiment, ANOVA is used to test:
H0:μ1=μ2=μ3=μ4 ​ 

7. Advantages of CRD
7.1 Simplicity
· Very easy to understand and apply
· Simple randomization procedure
7.2 Flexibility
· Unequal number of replications allowed
· Treatments can be added or removed easily
7.3 Maximum Degrees of Freedom for Error
· Gives better estimate of experimental error
· Increases precision when units are homogeneous
7.4 Suitable for Laboratory Experiments
· Controlled environment
· Minimal variation among units
7.5 Straightforward Statistical Analysis
· Uses one-way ANOVA
· Easy interpretation of results

8. Disadvantages of CRD
8.1 Assumes Homogeneity
· Not suitable when experimental units vary significantly
· Environmental variation increases error
8.2 Low Precision in Field Experiments
· No blocking → nuisance factors not controlled
· Larger error variance
8.3 Inefficient for Large Experiments
· Randomization over many units may cause imbalance
· Less effective than RBD or LSD when variability exists
8.4 Sensitive to Missing Data
· Missing observations complicate analysis
· Reduces accuracy
8.5 Not Suitable When Systematic Variation Exists
· If soil fertility, temperature, or time effects exist, CRD performs poorly

9. Applications of CRD
9.1 Laboratory Experiments
· Chemical reactions
· Pharmaceutical testing
· Material testing
9.2 Industrial Experiments
· Machine performance comparison
· Process parameter studies
9.3 Agricultural Experiments (Controlled Conditions)
· Pot culture experiments
· Greenhouse studies
9.4 Biological & Medical Research
· Drug effectiveness tests
· Microbial growth studies

10. CRD vs RBD (Quick Comparison)
	Aspect
	CRD
	RBD

	Blocking
	No
	Yes

	Experimental units
	Homogeneous
	Heterogeneous

	Precision
	Lower
	Higher

	Complexity
	Simple
	Moderate

	Field suitability
	Poor
	Good




11. When Should You Use CRD?
Use CRD when:
· Experimental units are uniform
· Number of treatments is small
· Environment is controlled
· Simplicity and flexibility are required
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