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1. What is Design of Experiments (DOE)?
Design of Experiments (DOE) is a systematic statistical approach used to plan, conduct, analyze, and interpret controlled tests in order to understand:
· Which input variables (factors) affect an output (response)
· How strongly they affect it
· Whether interactions between factors exist
· What combination of factors gives the best result
Instead of changing one factor at a time, DOE studies multiple factors simultaneously, making it faster and more informative.
Simple definition
DOE is a structured method to determine the relationship between factors affecting a process and the output of that process.

2. Basic Terminology in DOE
	Term
	Meaning

	Factor
	An input variable that is controlled (e.g., temperature, pressure)

	Level
	The values a factor can take (e.g., 50°C and 70°C)

	Response
	The output or result measured (e.g., yield, strength)

	Treatment
	A specific combination of factor levels

	Experimental unit
	The smallest unit to which a treatment is applied



3. Principles of Design of Experiments
There are three fundamental principles of DOE:

3.1 Randomization
Meaning:
Randomly assign experimental runs to avoid bias and the influence of unknown factors.
Why it’s important:
· Eliminates systematic errors
· Makes results statistically valid
· Spreads the effect of uncontrolled variables evenly
Example:
Suppose you test two fertilizers on crops.
Instead of applying fertilizer A to all plants on one side and B on the other, you randomly assign fertilizers to plots.
Without randomization:
Soil quality differences could distort results.

3.2 Replication
Meaning:
Repeat the experiment under the same conditions to estimate variability and improve accuracy.
Why it’s important:
· Measures experimental error
· Increases reliability
· Improves confidence in conclusions
Example:
Testing tensile strength of a material:
· Instead of testing once, test 5 samples at the same temperature and pressure.
Result:
You can calculate average strength and variability.

3.3 Blocking
Meaning:
Grouping experimental units that are similar to reduce variability due to known nuisance factors.
Why it’s important:
· Removes the effect of known but uncontrollable variables
· Improves precision
Example:
If experiments are done on different days:
· Each day is a block
· Treatments are randomly assigned within each day
This separates day-to-day variation from treatment effects.

4. Types of DOE (Brief Overview)
· Full factorial design – all combinations of factors and levels
· Fractional factorial design – subset of combinations
· Response Surface Methodology (RSM) – optimization
· Taguchi methods – robust design

5. Example of DOE (Step-by-Step)
Problem:
A manufacturer wants to improve product strength.
Factors and Levels:
· Temperature: 60°C, 80°C
· Pressure: 100 bar, 150 bar
Design:
A 2² factorial design → 4 experiments
	Run
	Temperature
	Pressure
	Strength

	1
	60
	100
	40

	2
	60
	150
	55

	3
	80
	100
	60

	4
	80
	150
	80


Observations:
· Higher temperature and pressure both increase strength
· Interaction exists: pressure effect is larger at high temperature
Conclusion:
DOE reveals not only main effects but also interactions.

6. Advantages of Design of Experiments
6.1 Efficient Use of Resources
· Fewer experiments than one-factor-at-a-time
· Saves time, cost, and materials
6.2 Detects Interactions
· Shows how factors influence each other
· OFAT methods cannot do this
6.3 Improved Process Understanding
· Identifies critical factors
· Leads to better control and optimization
6.4 Statistical Validity
· Results are backed by statistical analysis
· More reliable conclusions
6.5 Optimization Capability
· Helps find best operating conditions
· Improves quality and performance

7. Disadvantages of Design of Experiments
7.1 Complexity
· Requires statistical knowledge
· Design and analysis can be difficult for beginners
7.2 Initial Planning Effort
· Poor planning leads to wrong conclusions
· Factor and level selection is critical
7.3 Resource Intensive for Large Designs
· Full factorial designs grow exponentially
· Many factors → many runs
7.4 Assumption Dependence
· Results depend on assumptions like:
· Normality
· Constant variance
· Independence of errors
7.5 Not Always Practical
· Some experiments may be:
· Too expensive
· Destructive
· Time-consuming

8. Comparison: DOE vs One-Factor-At-A-Time (OFAT)
	Aspect
	DOE
	OFAT

	Efficiency
	High
	Low

	Interactions
	Detected
	Not detected

	Cost
	Lower overall
	Higher

	Accuracy
	High
	Low

	Planning effort
	High
	Low



9. Applications of DOE
· Manufacturing process optimization
· Chemical and pharmaceutical industries
· Agriculture
· Quality control
· Product and system design
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