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Example - The Coffee Strength Experiment

This example contains the following processes:
1. Define the Study and Goals

2. Create the Design

3. Run the Experiment

4. Analyze the Data

1. Define the Study and Goals

= Your employer is a local mid-size coffee roaster. You need to address the strength of individually brewed
twelve ounce cups of coffee. Your goal is to determine which factors have an effect on coffee strength and to
find optimal settings for those factors.

Response
» The response is coffee Strength. It is measured as total dissolved solids, using a refractometer.
» The coffee is brewed using a single cup coffee dripper and measured five minutes after the liquid is
released from the grounds.
» Previous studies indicate that a strength reading of 1.3 is most desirable, though the strength is still
acceptable if it falls between 1.2 and 1.4.

Factors
» Four factors are identified for the study: Grind, Temperature, Time, and Charge. Coffee is brewed at three
stations in the work area. To account for variation due to brewing location, Station is included in the study
as a blocking factor. The following describes the factors:
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= Grind is the coarseness of the grind. Grind is set at two levels, Medium and Coarse.

= Temperature is the temperature in degrees Fahrenheit of the water measured immediately
before pouring it over the grounds. Temperature is set at 195 and 205 degrees Fahrenheit.

= Time is the brewing time in minutes. Time is set at 3 or 4 minutes.

= Charge is the amount of coffee placed in the cone filter, measured in grams of coffee beans
per ounce of water. Charge is set at 1.6 and 2.4.

= Station is the location where the coffee is brewed. The three stations are labeled as 1, 2,
and 3.

Factors and Range of Settings for Coffee Experiment

Factor ___[Role_____| _Range of Settings

Grind Categorical Medium Coarse \7
Temperature  Continuous 195 205 Coffee
Time Continuous 3 4 Factorsjmp
Charge Continuous 1.6 24

Station Blocking 1 2 3

All factors can be varied and
reset for each run. There are no
hard-to-change factors for this
experiment.

Note the following:

+ Grind is categorical with two levels.

» Temperature, Time, and Charge are continuous.
« Station is a blocking factor with three levels.

= The apparatus used in running the coffee experiment is shown in Figure. This is
the setup at one of the three brewing stations. The two other stations have the
same type of equipment.

Number of Runs

= Based on the resources and time available, you determine that you can conduct
12 runs in all.

= Since there are three stations, you conduct 4 runs at each station.
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2. Create the Design

Create the design following the steps in the design workflow process outlined in “The DOE
Workflow: Describe, Specify, Design”

1. “Define Responses and Factors”
2. “Specify the Model”

3. “Generate the Design”

4. “Evaluate the Design”

5. “Make the Table”

2-1. Define Responses and Factors

= In the first outlines that appear, enter information about your response and factors.

Responses
- Select DOE > Custom Design.

< Responses
[Add Response +| | Remove | INumber of Responses...|

Response Name. Geal Lower Limit Upper Limit Importance
Strength [Metch Torget 1.2 T14 A

Factors

- Enter factors either ni@uany Ul vl a PIcTGAISUINIY Wavic uidal vuntains the factors and Settings. If you are
designing a new experiment, you must first enter the factors manually.

4 Factors
|Add Factor +|[ Remove | Acd N Factors 1
Name Role

Coarse [Mediym
195 205

16 24

] I B rs option, you can load them using

. Once you have save %%
the saved table.
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= Entering Factors Using Load Factors

File Edit Tables Rows Cols DOE Analyze Graph Tools Add-ins View Window Help SubstrarePCS SOS
4~ Custom Desian
Save Responses

Load Responses | Responses...
Save Factors Lower Limit Upper Limit Importance
Load Factors imize . - -

Save Constraints

&7

Load Constraints

Set Random Seed

Simulate Responses

Save X Matrix 3
Changes Values

1

Optimality Criterion 3
Number of Starts

Design Search Time

Sphere Radius

Advanced Options »
Save Script to Script Window on. Double click on a

Continue

— Define Factor
Constraints (not used
in this example)

— Model

— Alias Terms

— Design Generation

2-2. Specify the Model

Model Outline

« all main effects as Necessary, indicating that the design is
capable of estimating all main effects.

4 Model

i Efect] irteracions | M | Cross | [Powers ] Remove Ter

- |

;“;,;“"“ x§§§§ Because your main interest at this point

—cr i is in the main effects of the factors, you
do not add any effects to the Model
outline.
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Steps to Duplicate Results (Optional)

+ To obtain a design with exactly the same runs and run order, perform the
following steps before generating your design:

File Edt Tables Rows Cols DOE Analyze Graph Tools Addns View Window Help SubstrarePCS SOS
< = Custom Desian. —__ I

Save Responzes Save Responses
Lead Responses lal Easy Coarse TMedium
Save Factors bs Easy 195 208
- Easy 3 4
Load Factars 5 Easy 15 I24 L
Save Constraints Easy 1 I Iz Save Constraints
Load Censtraints Load Constraints
Set Random Seed 5 Set Random Seed
Simulate Responses. Simulate Responses
Save X Matrix Save X Matnx
Optimality Critesion| Optimality Criterion »
Number of Starts h 238 seed for i 569534907] | Numberof Starts B
Design Search Time | #5197 . Design Search Time
oG] -

Sphere Radius L Sphere Radiss

i g Vo i v
Save Seript to Seript Window Nececsary Save Script to Script Window

Necessary — ]

Swtion Necessary

Choose a positive whole number for the numbes of random m
starting designs.

2-3. Generate the Design

* In the Design Generation outline, you can enter additional details about
the structure and size of your design. The Default design is shown as
having 12 runs. Recall that your design budget allows for 12 runs.

4 Design Generation

Number of Center Points: 0
Number of Replicate Runs: | 0

Number of Runs:
Minimum 6
@ Default 12
) User Specified 12
&
< Design
Run  Grind Temperatwre  Time Charge Station
1 Coarse 195 3 16 1
2 Medium 195 4 24 2
3 Medium 195 4 16 3
4 Medium 205 4 24 1
5 Cosrse 205 3 24 2
6 Medium 205 3 24 3
7 Medium 205 2 16 1
8 Coanse 205 4 16 2
9 Cosrse 205 4 16 3
10 Coarse 195 ) 24 1
11 Medium 195 ] 16 2
12 Coarse 195 3 24 3
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2-3. Evaluate the Design

4 Design Evaluation
1 Power Analysis
b = Prediction Variance Profile
I Fraction of Design Space Plot
[ = Prediction Variance Surface
I Estimation Efficiency
I Alias Matrix
I Color Map On Correlations
| Design Diagnostics

Build Better Business Models

» The Design Evaluation outline provides various ways to evaluate your design. This is an
important topic, but for simplicity, it is not covered in the context of this example

11

2-4. Make the Table

random order for each Station.

Output Options
Run Order: | Randomize within Blocks ~

",’/ Make Table|
Coaee |

Note the asterisks in the
Columns panel to the right of
the factors and response.
These indicate column
properties that have been
saved to the columns in the
data table. These column
properties are used in the
analysis of the data.

File Edit Tables Rows Cols DOE Analze Graph Tools

» Specify the order of runs in your data table using the Output Options panel. The default
selection, Randomize within Blocks, is appropriate. This selection arranges the runs in a

Add-ins View Window Help Substrare F

HERST=A" L =] ] 2 ]
[2)custom Design b =
Design _ Custom Design | (= Grind Temperature Time |Charge Station  Strength
Criterion D Optimal 1 Megium 205 4 21 .
= Model 2| Coarse 195 30 161
(=)00¢ Disiog 3 Megium 205 ENRT
4| Coarse 195 4 21
5 Coarse 205 4 182
6 Medium 195 4 242
7 Medium 195 3] 182
8| Coarse 205 3| 2
9 Coarse 205 4 163
10| Coarse 195 3| 243
[ Cotomes 6701 11 Medium 195 4 163
= 12 Medium 205 3 243
A Tempersture
A Time X
A Charge %k
ak Station ¥
A Strength

Build Better Business Models

12
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3. Run the Experiment

= At this point, you perform the experiment. At each Station, four
runs are conducted in the order shown in the design table.
Equipment and material are reset between runs. The Strength
measurements are recorded.

File Edit Tables Rows Cols DOE Analyze Groph Tools Add-ins View Window Help Substr
HRF Ak (EEEE e

* Your design and the experimental e o T O I B R B
results for Strength are given in the ?ﬂqmtﬂ“'“'"'“" 2o Bsl 3wl 1
Coffee Data.jmp sample data et i glome |l —al a1 e
table, located in the Design 8]l w4l iss
Experiment folder. 8 Coarse w3 e 151

9 Coarse 205 4 16 3 1.07
10 Coarse 195 3 24 3 1.26
11 Medium 195 4 16 3 113
g T 12 Medium 205 3 243 125
il =
::::Lp;num*
Coffee Datajmp d Crarge
ik Station
A Strength 3k

4. Analyze the Data

» The Custom Design
platform facilitates the task

of data analysis by saving Budd ses [DEBrL -7 JESE——
a Model script to the oz w— ] ) U U . -
design table that it creates. &g el w0 oG
Run this script after you = et o Wl i ouh s
conduct your experiment Twm w3 ou:
and enter your data. The hE= o 5
Script opens a Fit Model — e - e
window containing the St

effects that you specified e

in the Model outline of the
Custom Design window
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4-1. Fit the Model

1. Select Help > Sample Data
Library and open Design

Experiment/Coffee
H 4 = Medel Specification

Data-]mp- S—":‘c‘;::::m Pi:kr:'::lzvuu‘blsu ~ PErsonaity: | Standard Lesst Squares

In the Tables panel, notice the dows e Py et | et Sasenng

Model script created by Custom | : - = D

Design e — = ,.,,p/
2. Click the red triangle next e

to Model and select Run o e

Script S o

The Model Specification window Doe [1]

shows the effects that you e

specified in the Model outline A5 O

4-2. Analyze the Model

» The Effect Summary and Actual by Predicted Plot reports give
high-level information about the model.

“EffactSmmay Note the following:
e s+ The Actual by Predicted Plot shows no
Station 2.004 0.00991 . .
Tt ) 1,65 [ 0.02000 evidence of lack of fit.
;::ﬂp«amlt(liﬁ 205) gsz j‘ 0.60303

sz« The model is significant, as indicated by the
Actual by Predicted Plot. The notation P =
0.0041, shown below the plot, gives the
significance level of the overall model test.

+ The Effect Summary report shows that Charge,
Station, and Time are significant at the 0.05
level.

g * The Effect Summary report also shows that
L S Temperature and Grind are not significant.

Strength Pradicted P=00041 RSq=095
RMSE=0.0781

Remove Add Edit []FOR
4 Actual by Predicted Plot
18

17
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4-3. Reduce the Model

= Because Temperature
and Grind appear not
to be active, they
contribute random
noise to the model.
Refit the model without
these effects to obtain
more precise
estimates of the model
parameters associated
with the active effects.

4 = Model Specification

Select Columns

Personalfty: | Standard Least Squares  ~ |

16 Columns V| stengtn .
hGind optional Emphasis: | Effect Screening -
ATemperature y
ATime Weant
Acharge - C [(Hep | [ Rum |
thaseasic req | opt
Asue:mm [ Keep dialog open

g Validation| -
emove |g)

! Time
Nest | Charge
Station

Build Better Business Models 17
Note the following:
4 Analysis of Variance + The Effect Tests report shows that all three
Souce  DF  Smrcs MeanSquare  FRatio effects remain significant.
B G o [EEEE « The Scaled Estimates report further indicates
i“’“" — ‘E“;:“:“" - that the Station[1]and Station[3] means differ
4 . el
Tem | Ddme St Rt Probs t] significantly from the average response of
- EEEE Strength.
Charge(1.6,2.4) 0.1691667 0.020047
Shﬁnn[]] 0.0991667 0.028351 . .
SR 00641667 0026351 » Note that the Estimates that appear in the
T Sum of Parameter Estimates report are identical to their
T Do e RO counterparts in the Scaled Estimates report. This
Chi 1.6,2.4) 1 1 034340833 71.2078 i
e 4 D) 4 is because the effects are coded.
4 Scaled Estimates + The estimate of the Station[3] effect only
pa e L appears in the Scaled Estimates report, where
= A orodt i w ok o] nominal factors are expanded to show estimates
Bvoitsza Sreve ime in oo foralltheir levels.
Swtonl1] et 3 cowe o The Parameter Estimates report gives estimates
Station[2] 0.028351 226 0.0580 . .
Sotionl3] o021 576 00007 for the model coefficients where the model is
specified in terms of the coded effects.
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4-4. Explore the Model

» The Prediction Profiler appears at the bottom of the report.

» Recall that, in designing your experiment, you set a response Goal of Match Target with
limits of 1.2 and 1.4. JMP uses this information to construct a desirability function to
reflect your specifications.

= 4 = Prediction Profiler

4 ~ Response Strenath
Regression Reports
Estimates

Effect Screening

) >
0 02505075 1 SSRERLRLE

Factor Profiling » Profiler [} ;’

Row Diagnostics K

Save Columns E Contour Profiler K £

Model Dislog Cube Plots -k
V| Effect Summary Box Cox Y Transtormation 8

Script ", Surface Profiler

The first two plots in the top row of the

graph show how Strength varies for one of

the factors, given the setting of the other

factor. For example, when Charge is 2, the ~ The right-most plot in the
line in the plot for Time shows how top row shows the
predicted Strength changes with Time. desirability function for
Strength. The desirability

The values to the
left of the top row
of plots give the
Predicted Strength
(inred) and a
confidence interval

for the mean \M'“ﬁ“"m""' _ function indicates that
Strength for the > ow | the target of 1.3 is most
selepted factor T desirable. Desirability
settings. 1

decreases as you move
away from that target.
Desirability is close to 0
at the limits of 1.2 and

T 14

The value to the left
of the bottom row of Sostazrs
plots gives the

Desirability of the

response value for

the selected factor .
settings. The plots in the bottom row show the

desirability trace for each factor at the
setting of the other factor

bility

Do)

002505075 1 GoRLRGouR

+ Explore various factor settings by dragging the red dashed vertical lines in the columns for
Time and Charge. Since there are no interactions in the model, the profiler indicates that
increasing Charge increases Strength. Also, Strength seems to be more sensitive to
changes in Charge than to changes in Time.

10
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= Since Station is a blocking factor, it does not appear in the Prediction Profiler. However,
you might like to see how predicted Strength varies by Station. To include Station in the
Prediction Profiler, follow these steps:

4 = Prediction Profiler
MEImze 10T £3cn L POINT
Save Desirabilities
Set Desirzbilties -
Save Desirability Fermula [— /
Reset Factor Grid § h
Factor Settings
Output Grid Table
Output Random Table Factor Time  Charge Station
e tinsas Conpivee | S s —)
CE| i Minimum Setting: 316
LT Maximum Setting: 4 24
3 MNumber of Plotted Points: [ 41][ 41]
™ s ¥ 2 ¥
Lock Factor Setting [m] ] ]
3

21

4 = Prediction Profiler

The predicted Strength in the
center of the design region for
Station 1 is 1.44.

For Station 3, the predicted
Strength is about 1.18.

The magnitude of the difference
indicates that you need to
address Station variability. L
Better control of Station N
variation should lead to more
consistent Strength.

[teivirirat

751
=

s
¢ 4 = Prediction Profiler

/
r

0.002473

Desirability
0 02505075 1

Time Charge Station Desirability

Once Station consistency is achieved, you can determine common
optimal settings for Time and Charge.
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