
Introduction

I To be able to learn from data, data must contain information.
The purpose of experimental design is to maximize, for a
given amount of resources, the chance that data will be
generated and structured in such a way that we can extract
and communicate that information.

I Good experimentation starts with subject-matter knowledge
and passion – a strong desire to better understand natural and
created phenomena. This creates questions to be answered,
questions that can best be posed from a foundation of
subject-matter understanding. Statistics provides the tools
and framework (i) for translating these questions into
experiments and (ii) for interpreting the resulting data.



An eight point work order to design an experiment:

1. Formulate the problem

2. Collect information

3. Choose a response variable

4. Choose factors and their levels

5. Choose the experimental design

6. Do the experiments as planned

7. Analyze the data

8. Draw conclusions



1. Formulate the problem/Define the aim for the experiments

I Not easy (people may have data they want to analyze without
having a clear question in mind).

I When the problem has been identified and defined then a lot
has already been done.



2. Collect information (not data, yet!) in order to support your
theory

I Search your files and on the internet for earlier similar
experiments/studies

I Brainstorm with your colleagues

I Observe the process passively

I Make smaller experiments



3. Choose a response variable

I Output variable, gives information on what we study

I We have to have equipment to measure the response variable
without too much noise, know how to measure, and always
measure in the same way.

I Should be quantitative (life length, pH, size, time,...), not
qualitative (taste of a cake from 1 (terrible) to 5 (very good)
or ”what do you think about the health care in Sweden?”).



4. Choose factors and their levels

I Controllable input variables (temperature, feed rate,
concentration, dose)

I Either quantitative or qualitative

I Brainstorm with experts
I Level of factors (two or more)

I not too close together since the effect can be hidden in the
process variation

I not too far from each other since the model can then be
misleading



5. Choose the experimental design

I What are the weaknesses that the different experimental
designs cause to the analyses? (Is it enough to use two
temperatures? Do you have to run all combinations of factor
levels?)
25% rule: use only 25% of the available resources for the first
design (model)

I The choice is often a compromise between reliable statistical
results and costs



6. Make the experiments as planned

I Collect data (here, not earlier)

I Everything that does not change too much should be kept as
constant as possible

I Randomize the order of the experiments!

I Observe the experimental process to see if something strange
happens during the experiments



7. Analyze the data

I A good design makes the analysis simple while a bad design
makes it difficult/bad/impossible

I Note that you first design your experiments, then collect the
data and finally, analyze the data



8. Draw conclusions

I Interpret and evaluate the results

I Write an objective report

I Formulate new questions that have appeared since your
experiments may not support or only partially support your
initial idea leading to new design/data/analysis.



Example:

Problem: Find a function to predict the conductivity of a copper
sulphate solution.

Response variable: Conductivity

Factors: CuSO4 concentration, H2SO4 concentration and
temperature

Experimental design: Factorial design (with three factors)

Experiment and data collection:

1. Make up solutions in beakers which are put into temperature
control pads

2. When design temperature reached, a conductivity probe is
held in each beaker and a reading is taken from a digital panel



Example continues...

Almost perfect fit was expected but in fact, only about 10% of the
variation was explained by the fitted model.

Two problems in data collection:

1. Sometimes the probe (held by a technician) touched the side
or bottom of the beaker, sometimes it was not immersed
deeply enough.

2. The digital readout took about 15 seconds to settle to a
stable value but the technician did not always wait that long.

Recommendations:

1. The probe should be fixed in a clam so that it always goes to
the same depth.

2. A timer should be used so that the conductivity is not read
until 30 seconds after immersion.


