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History of Blocking T—

Concept attributed to work of Sir Ronald Fisher
— Working to improve the yield of agricultural production

Statistics and genetics

Discovered differences in the output of various plots in the fields
— Developed a methodology to statistically study differences
— Within and Between differences

Basic principles developed are applicable and useful to the design
and execution of many area of experimentation [
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« What is a Block?

— Block - A group of experiments. Blocks are often used to
better understand and evaluate "nuisance factors."

 Why use Blocking?

— Traditional: Make the variation in the response variable(s) due
to the manipulation of the process factors more apparent by
removing the variation due to the blocks.

— Process Oriented: To determine weather the effects of process
factors noted in an initial experiment are repeatable across
blocks. Also to see whether the overall average of the
experiment changes.
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« Frequently a period of time where extraneous variables
(X’s not manipulated in the experiment) can reasonably
be expected to remain constant during the experiment.

« A block could be a lot, a supplier, a machine, a shift, a
batch of raw material,etc.
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Blocking Example

The yields of a process is considered inadequate by
management. The two main factors of the process
are Temperature (A) and Pressure (B).

How do we find the effects of A and C on yield?
What are the noise factors?

‘How should we treat noise factors and process
factors that are not included in the design?
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Blocking Example

,15/ /
Consider the following data collected from Lé

e
a DOE on the process ae
A C Y e
What are the effects of A? _ =1 -1 84.60 |*
2,57 1 -1 88.00 |-
5 -1 1 86.70 |-
What are the effects of C* 1 ] 9040 |+
x
@7.35

. . o
What are the effects of the mteractlon/AC » i\i
. <1 +
Draw and interpret the interaction plot .
> LQ
. | /’A ol
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The DOE was repeated on second shift
and the following data was Collected from

the process i
PN A C Y |AC
? T, -1 -1 90.10 ¢ | +-
What are the effects of A? 2 1 x 87.50-| -
%ﬁ ] -1 1 86.00¢ | -
What are the effects of C? " -~ 1 1 83.60*|
What are the effects of the interaction AC? .-
b.

Draw and interpret the interaction plot

Take 20 minutes to compare your results with the results from shift one.
Be prepared to answer the questions on the next page
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Questions he Tesh.grey

« Why might be some of the reasons for the results to differ
from one shift to another? - Gaee Aeeor > aong "Dincerad

- Zg/‘o v\ | %0 & Dug 52 H&O’QS

éT‘AAO/‘H‘)O

« How would you anticipate this situation?

 |f the effects of factors included in an experiment change
over time, will you be able to successfully manage the
process?
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Blocking Considerations

* |n the previous example we may want to answer additional
guestions such as;
= Are the effects of A and C consistent for each shift?
= Are A & C truly the two most important variables to control?

= What are other sources of variation that may exist between shifts and
how consistent are they?

Design Strateqy:

A design that will allow us to begin to understand these questions is
known as a Randomized Complete Block Design (RCBD)

Analysis Strateqy:
Combine the experimental results with “Block” as a factor.
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The data from both DOE’s is combined in the table below.

As ZA ' bA (& LAQ A/ﬁc
Shift A C Y
I A 1 | 8460 |~
-1 1 1 83.00 | +
1 1 1 86.70 | +
A 1 1 90.40 | -
1 ] A A 90.10 | *
1 1 1 -1 | 8750 |-
1 | 1 1 _]| 86.00 |-
1 1 Jl 8360 |+

« Do the analysis of the combined experiment and answer the questions
on the next page. You must complete the analysis by hand. Your team
has 30 minutes to complete the analysis and prepare a discussion to

present to the class.

« At a minimum, your analysis should include a cube plot, interaction
plots, and an effects table.
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Exercise Questions

A%um)a«( WTJ e Wew UsalaBles

Did the expenmenter mcfude ail "of the key process variables in the
experiment?  (Jy  Becavse  JE  Did  Torl Frcround
R ADOIN G TLwoo  Taractionab
Did the expenmeﬂter perform the experiment across all levels of the key
noise variables? a(%) [oBe 15 AT B9 Tuweractiess
/—Zéf;n)m} > / L@.r K(ﬁ @ L/&\-s'/&b[¢5
What would be your recommendation as to the next step in the process

investigation? To uADEEsTRAD IR The  Shiles AN
AyyErEd o caAach  o7HAL

How would you manage this process until more process knowled e is
obtained? i) Clar $iveess —~nle corteer, Oiiv—rl [l

When an 'identical’ experiment is run at two points in time: What does a
significant 'Block' effect imply? 7 /e Jocess (S [arnacunse e
70_ &(oo ﬁcw/l
What does a significant 'Block'-by-factor interaction effect imply?
'\mﬂe 5 SOaneY h] ML; CLcoT 7 e  fOorse 2 eZFecr, [y,

AN -, S D Lwdevesnans
T oroen. T PCeyte Ve tFFfEcy
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Another Situation

Assignment: Examine the data from an experiment run on a similar
process at two points in time. The cube plot and factor effects are
reported on the next page. Answer the questions that follow.

Shift A i Y @
E 83.50

-1 -1

-1 1 -1 86.80

-1 -1 1 86.10 \\\/

-1 1 1 90.10 \/
-1 -1 82.50 |

8

: _ v
e @&@
1 1 92.80 \ \
0N

X Qé/
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Cube Plot

Variable Effect

Day 0.175 —  [86.3

A 4.875

DayA 1.225

C 3.575

DayC 0.625 <

AC 1.025 ~

DayAC 0.675 C
o 83. 82.p -1

Questions are on the next 1 Day i

page
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Questions he Tech,gren

Did the experimenter include all of the key process variables in the
experiment?

Did the experimenter perform the experiment across all levels of the key
noise variables?

What would be your recommendation as to the next step in the process
investigation?

How would you manage this process until more process knowledge is
obtained?

Would more complete knowledge of how ‘Blocks’ were selected impact
your answers to the above questions?

Can the Block and Block-by-Factor effects be treated as ‘Experimental
Error?
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Blocking Assignment

Consider noise factors or uncontrolled process factors in your processes and
projects that might drift over time and invalidate the results of your process \\/ &
work and experimentation.

Develop strategies for understanding whether such factors do impact your \0@ @
work. Include sampling with a RCBD but be aware that RCBDs are not your g\
only alternative.

Develop strategies for dealing with these factors in your processes.

Be prepared to discuss in Week 4 Project Reviews how you will know whether
your experimental results are repeatable and sustainable?

You should begin this work tonight and be prepared to present your strategy to |
the class.
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Summary

* |f you want to ahalyze the effects include as a
factor “Do Not Block”

* Block to better understand uncontrollable
nuisance factors

— Shifts, Material Lots, etc
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