Historical Data RSM Tutorial

(Part 1 — The Basics)
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Introduction

In this tutorial you will see howthe regressiontool in Design-Expert® software,
intended for response surface methods (RSM} applied to historical data. We

AT 180 OAATwork ith duchthipPenstance variable€ £ OEAOAS O

possibility of performing a designed experiment. Howeveif you must, take
advantage of howeasyDesignExpert makes itto develop predictive models and
graphresponses asyou will see by doing this tutorial. It is assumed that at this
OOACA Ul 06 OA piloghain@eat@ds By confpletldg preceding tutorials.
At the very least you ought to first do the ondactor RSMtutorials, both basic and
advanced, pior to starting this one.

The historical data for this tutorial, shown below, comes fromthe U.S. Bureau of
Labor Statistics viaJames LongleyAn Appraisal of Least Squares Programs for the
Electronic Computer from the Point of View of the Usedournalof the American
Statistical Association62 (1967): 819-841). As discussed irRSM SimplifiedMark J.
Anderson and Patrick J. Whitcomb, Productivity, Inc., New YQrR005: Chapter 3, it

presents some interesting challenges for regression modeling

Run A: B: C: D: E: F:
Prices GNP Unemp. Military Pop. Time Employ.
# (1954 Armed People Year Total
=100) Forces >14

1 83 234289 2356 1590 107608 1947 60323
2 88.5 259426 2325 1456 108632 1948 61122
3 88.2 258054 3682 1616 109773 1949 60171
4 89.5 284599 3351 1650 110929 1950 61187
5 96.2 328975 2099 3099 112075 1951 63221
6 98.1 346999 1932 3594 113270 1952 63639
7 99 365385 1870 3547 115094 1953 64989
8 100 363112 3578 3350 116219 1954 63761
9 101.2 397469 2904 3048 117388 1955 66019
10 104.6 419180 2822 2857 118734 1956 67857
11 108.4 442769 2936 2798 120445 1957 68169
12 110.8 444546 4681 2637 121950 1958 66513
13 112.6 482704 3813 2552 123366 1959 68655
14 114.2 502601 3931 2514 125368 1960 69564
15 115.7 518173 4806 2572 127852 1961 69331
16 116.9 554894 4007 2827 130081 1962 70551

Longley data on U.S. economy from 194962
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Assume the objective foranalyzingthis data is to predict future employment as a

function of leading economic indicators factors labeled A through F irthe table

AAT OAs8 , 1TTCl AuUdO Cci Al xAO AEEAEAOAT 604 (A x.
1967 for round-off error due to highly correlated inputs. Will DesignExpert be up

to the challenge? We will see!

, A ®&yid bysetting up this @xperimentd(quotes added to emphasize this is not
really an experiment but rather an afterthe-fact analysis of happenstance data).

Design the “Experiment”

Click the DesignExperticon that may appear on your desktop You will seeour
handy new easystart openingpage (To save youyping time, we will re-build a
previously saved design rather than entdng it from scratch.) ClickOpen Design
as highlighted below.

Welcome to Design-Expert® Software from Stat-Ease, Inc.

To get started, click on the File menu and select either

1. New Design
ar
2. Open Design

New easystart pagez Open Desigoption highlightedin red
The file name isLongley.dxp. Double-click to open.

File name: Longley.dxp -

Files of type: |NI design files (*.dxp, *dez, “xml, *.dx7, *de7," v| | Cancel |

Opening the Longley data

The datatable appears on your screen. To rebuild this design (and thus see how it
was created) press the blanksheet icon/ atthe left of the toolbar (or selectFile,

New Design).
File Edit View Display Options Design T
0= = & ? Y

! Mew Design Jley.dxp 5
[ Design (Actual) ﬁ Std | Run
Do = Summary -

L'l Graph Columns — L

El Evaluation J z 2

New Design icon
Click Yes when DesignExpertqueriesO5 OA POAOETI ®O AAOECT ET A&l
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Design-Expert 8 &

Reusing previous design

Now you see how this design was created via the Response Surface tab and
Historical Data option.

Factorial

Historical Data Design

Design for importing data that already exists. Specify the minimum an
paints you have. Use Copy and Paste to import data into the blank des

Combined

Responze Surface

Numeric Factors: {1 to 509 @) Horizontal
) Categoric factors: - (0 to 109 () Vertical
Central Composite b - '

Box-Behnken Name | Units | Min Max
One Factor [ A MNumeric]  prices (1954 =100) |83 116.9
Miscellaneous -
Optimal B [Numeric] |gnp 234289 554894
User-Defined C [Mumeric]
- = Unemployment 1870 4306
T <. ———
D [Mumeric] | iltary Armed Forces | 1456 3584
E [Numeric] | papulation People =14 107808 130081
F [Numeric] | Time Year 1947 19582

Setting uphistorical datadesign

Note for each of 6 numeric factors we dered name, unitsand range from

i ETEI O jO-Eioq OF | AGEI Oi ,joOmusted qs " A &i
DesignExpertto how many rows of data you want tdey or copy/ paste into the

design layout. In this case there are 16 rows.

Rows (2-32766). 16

Edit constraints...

Entry for rows

PressContinue to accept all entries onyour screen You now seaesponsedetails
Z in this case onlyone response
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Historical Data Design

Responses: ﬂ | (1to999)

| Name | Units |

J Employment |Total

Response entry

PressContinue to see the resulting desigriayout in run order. (Ignore the column
I AAAT AA O3 OAiénoAtdndatdordeAfor Bdpfesiance data)

A Peculiarity on Pasting Data

You could now type in all data for factor levels and resulting responses, rely-

Ol x8 i $117T60 xIT ooud 7A x1160 1T AEAIisUl 6 AT O
already available via a Microsoft Whdow-based spreadsheetlf so,simply

click/ dragtheseAAOARh AT PU O 7ET AT x& Qrright-BiekAT AOAh A
and Paste as shown belowinto the design layout within DesignrExpert. (Be sure,

as shown below, to firstclick/ drag the top row of all your destination cells.)

D Notes for MyDesign.dxp
i pesign (actuar)

.. & Summary

L‘I Graph Columns —
- %] Evaluation 1
@ Analysis |
_L'| R1:Employment (Em 1
M Optimization
- +1] Numerical

ﬁ Graphical
. %1 Point Prediction

Correctway to paste data into DesigiExpert top-row of cells preselected)

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Response 1
A:Prices B:GNP C:Unemployment| D:Military E:Population F:Time Employment
(1954 = 100) Armed Forces| People =14 ear Total

Std | Ru

Select

Cut

Copy
Copy With Headings

Paste

Clear

Hm e m e
Hm e m e

If you simply click the upper left cell in the empty rursheet, the programonly
pastesone value.

Analyze the Results

T OF ATT U UT O86A OAOA Ubecaseve hlreddy didthis, OEEO OOAC.
simply re-open our file: Press the Open Design icdn and double-click
Longley.dxp. ClickNo to pass upthe opportunity to save what you did previously.

Design-Expert 8 [&J

[e] Save changes to MyDesign.dxp?

[ Yes l | Mo | | Cancel |

LastchancetosavedsU O. 16 EIT OEEO AAOAQ
Before we get started, be forewarned you wikncounter many statistics related to
least squares regression and analysis of variance (ANOVA). If you are coming into
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this without previous knowledge, pick up a copy oRSM Simplifiednd keep it
handy. For a good guided tour of statistics for RSM analysis, attemal Stat-Ease
workshop titled RSM for Process Optimization. Detaibbout this computer-
intensive, hands-on classz including prerequisites z are at www.statease.com

Under the Analysis branch,click the Employment branch. DesigrExpert
displays a screen for transforming responseHowever, as noted by the program,
the responserange in this case is so small that thers little advantage to applying
any transformation.

Response ranges from 60171 to 70551,
Ratio of max to min is 1.17251

A ratio greater than 10 usually indicates a transformation is required. For ratios
less than 3 the power transforms have little effect. ]

Information about the response shown on tAeansformationscreen

PressFit Summary. DesigrExpert evaluates each degree of the model from the
mean on up.In this case, the best that can be done is liae Anythinghigher is
aliased.

File Edit View Display Options Design Tools Help Tips

== & ? Y

otes for Longley.dxp — —
[ Notes for Longley.d A -
: =] Design (Actual) y Transform Fit Summary f(x) hod el % AN, .=+ Dimgnostics DModeI Graphs
esign ualp == =
] Summary | | | | | |
L] Graph Columns __|Response 1 Employment Transform: Hone
£ Evaluation __| = WARNING: The 2FI Model and higher are Aliased! ==
E]| Analysis
R1:Employment | | i
Summary (detailed tables shown below)
M Optimization |
: . Sequential Lack of Fit Adjusted Predicted
i 1] Numerical —
g ﬁ Graphical | Source p-value p-value R-Squared R-Squared
i-l Point Prediction 1 Linear = 0.0001 0.9925 0.3344 Sugoested
| 2F1 Aliased
| Sequential Model Sum of Squares [Type []
| Sum of Mean F p-value
Source Squares df Square Value Prob=>F
Mean vs Total §.826E+010 1 §.826E+010
Linear vs Mean 1.842E+008 ] 3.070E+007 330.29 = 0.0001 Suggested
2Flvs Linear 8.364E+005 9 525936.01 Aliased
| Residual 0.000 0
| Total 5.845E+010 16 4 2TBE+009
| "Sequential Mode! Sum of Squares [Type [ Select the highest order polynomial where the
| additional terms are significant and the model is not aliased.
| Model Summary Statistics
| 5td. Adjusted Predicted
| Source Dev. R-Squared R-Squared R-Squared PRESS
Linear 304.85 0.9955 0.9925 0.9844 2.887E+005 Suggested
2ZFI + Aliased

Fit Summaryz only the linear models possiblehere

Move on by pressingModel.
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yh Transform Fit Summary f(x} Model % AMONA, gDiagnosﬁcs DModelGraphs
Process order:
Selection
|

Intercept [}
A-Prices [l
B-GHP M
C-Unemployment  [¥]
D-Military M
E-Population [}
F-Time: [l

AB

AC

AD

AE

AF

BC

BD

BE

BF
co (o]
CE [
CF [
DE o]
DF ~
EF L

Linear modelis chosen

) 08 O uphow De€ighExpert suggested Notice manytwo-factor interactions

A A Tb&eBtimated due to aliasing symbolized byared tilde (~). Hold on to your

hats (because thisipcomingdata is really a lot of hot air!) and pessANOVA

(analysis of variancg.

yh Transform

Fit Surmmaty

f{x) Model

% AR ,+. Disgnostics

DModel Graphs
|

Response

Source

__|Model
A-Prices
B-GNP
C-Unemployment
D-Military
E-Population
F-Time

Residual

Cor Total

1

Sum of
Squares
1.842E+008
282388
1.063E+005
1.590E+006
2. 161E+006
474895
1.499E+006
8.384E+005
1.850E+008

Employment

ANOVA for Response Surface Linear Model

df

_Anall,rsis of variance table [Partial sum of squares - Type lll]

Mean
Square
3.0T0E+007
2823.898
1.063E+005
1.580E+006
2. 161E+006
474885
1.499E+006
92838.1

Value
330.29
0.031
1.14
17.11
23.25
0.051
16.13

p-value
Prob>F
< 0.0001
0.8631
0.3127
0.0025
0.0009
0.8262
0.0030

Analysis of variance (ANOVA)

Notice although the overall model isignificant, some terms are not.
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Some statistical details on how Design-Expert does analysis of variance
Youli AU EAOA 11 OEAAA OEEO ! ./ 6! -Tyéllll HiBAT AA
approach to ANOVA, done by default, causes total safrsuares (SS) for the terms
to come up short of the overall model when analyzing data from a{oothogonal
array, duch as historical data. If you want SS terms to add up to the model SS, go|to
Edit, Preferencefor Math and change the default to Sequential (Type I). However,
we do not recommend this approach because it favors the first term put into the
model. For gample, in this caseANOVA by partial SS (Type Hlithe default of DX)
for the response (employment total) calculates prob>Falue for A as 0.8631
(F=0.031) as seen above, which is not significant. Recalculating ANOVA by sequential
sum of squares (Tpe 1) changes the p to <0.0001 (F=1876), which looks highly
significant, but only because this term (main effect of factor A) is fit firShissimply
iS not correct.

AssumingFactor A (population) is least significant of alas indicated by default

ANO\A (partial S9,1 A06 O OAA xEAO EABewkleQbeforEeE EO O
do, on the Bookmarks, click R-Squared and view statistics (shown below)to help

us compare what happens befar and after reducing the model.

| std. Dev. 304.85 R-Squared 0.9955 Bookmarks =]
| Mean 85317.00 Adj R-Sguared 0.9925 Top
|ev. % 0.47 Pred R-Squared 0.9344 ANOYA,
PRESS 2.887E+006 Adeq Precision 53.075 . FR-Souared
Model statistics
Also bookmark theCoefficients estimates.
| Coefficient Standard 95% CI 95% CI
| Factor Estimate df Error Lowr High VIF
_ Intercept 64763.53 1 22455 54255.56 B5271.49
1 A-Prices 255.30 1 143831 -3000.64 3511.24 135.53
| B-GNP -5741.50 1 5368.69 -17886.73 5402.52 1788.51
1 C-Unemployment -2065.70 1 716.97 -4587 .60 -1343.80 3362
| D-Military -1104.52 1 225.08 -1622.65 -586.35 359
_ E-Population -574.23 1 254027 532072 517228 399.15
| F-Time 13718.64 1 3416.08 5950.91 2144537 758.58

Coefficient estimates for linear model

Notice the huge VIRvariance inflation factor) values A value of 1 is ideal
(orthogonal), but a VIFbelow 10 is generally accepted A VIF above 1000, such as

factor B (GNP) indicates severe multicolinearity in the model coefficients (TEA 08 O

bad!). In the followup tutorial (Part 2) based on this same Longley data, we delve
more into this and other statistics generated by Desigixpert for purposes of
design evaluation. For now,ight-click any VIF result to access contexgensitive
Help, or go to Help on the main menu and search on this statistic. You will find
some details there.

PressModel again. Right-click A-Prices and Exclude it, or simply double-click
this term to remove the O - @nodiel) designation.

Design-EXx per t
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yh Transtarm

= Fit Summary | f(x) model L anove

++ Diagnostics

Model Graphs

Process order: | Modified -

Selection: | Manual -

Intercept
A-Prices
B-GNP
C-Unemployment
D-Military
E-Population
F-Time

Madel
Exclude

|
|
iy
|
iy

M

Excluding an insignificant term

Youcould now go back to ANOVA, look for theext least significant term, exclude it,
and so on However, this backwarejelimina}tion‘p_r_ocess can beperjogmAeg . o
automatically in DesignExpert. HOA 8 O E T x 8 Prodess O@flérito LiogaiO A O

Process order: |Linear -

Modified -
Dezign Model
Mean
Linear
2Fl 3
Intercept Quadratic |
A-Prices  Cubic
B-GNP Quartic
CFUnempluymt!:.'.fﬂ._,—'
D-Miltary [/
E-Population [
M

F-Time
Resetting model to linear

Selection:

Now changeSelection to Backward.

Process order; |Linear -

Selection:

Alpha out
Backward - 0.1000

Manual

Forward
Stepwise

Intercept
A-Prices.

Specifying backward regression
I OEAA A 1 Ax

AODBA ABAIRAADOS8O! I' DE AAgreO] O

OEA

least significant term, step-by-step, aslong as it exceeds the risk level (symbolized

by statisticianswith the Greek letter alpha) of 0.1 (estimated by value)., AO6 O AA A
bit more conservative by changingAlpha out to 0.05.
8 [ Historical Data RSM Tutorial —Part 1 Design-Exp e r t 8 User’'s Gu
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Alpha out
oo0g |
Changing risklevel alpha forremovingmodel rms via backward selection

Now pressANOVA to see what happens.

E; Fit Summary

f(x) wodel |LL anova < Diagnostics DMndelGraphS

Response 1 Employment

y?" Tranzfarm

Backward Elimination Regression with Alpha to Exit = 0.050

Forced Terms Intercept
Coefficient t for Ho
Removed Estimate Coefi=0 Prob = [t R-Squared MSE
| A-Prices 255.30 0.18 0.8531 0.9955 83934.80
E-Population -871.25 -0.48 0.6416 0.9954 TE061.85

Backward regression results

Not surprisingly, the program first removed A and then & O E A OloGk atéh® 8

following ANOVA tableand noteall other terms come out significant.(Note: If you

AT 1170 OAA OEA OAPIT OO 1T &# OEA 11T AAT AAETC
Annotated ANOVA.)

ANOWVA for Response Surface Reduced Linear Maodel
Analysis of variance table [Partial sum of squares - Type lll]
| Sum of Mean F p-value
| Source Squares df Square Value Prob >F
Wodel 1.842E+008 4 4.604E+007 5389.76 = 0.00Mm significant
| B-GNP 4.647E+005 1 4.647E+005 585 0.0328
C-Unemployment 4. 045E+006 1 4.045E+008 51.87 = 0.0001
D-Military 2. 3B1E+006 1 2.381E+006 30.50 00002
F-Time 1.898E+006 1 1.898E+006 243 0.0004
Residual 8.587E+005 11 78061.86
Cor Total 1.850E+008 15

ANOVA for backward@educed model

Youmay havenoticed that in the full model, factor B had a much higher-palue
OEAT xEAOB8O OEI x1 AAT OAS8 4EEO ET OOAAEI E
data. Scroll downthe ANOVA tabldgo view model statistics and coefficients.

'S

Design-EXx per t
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| Sid. Dev. 279.40 R-Squared

_ Mean §5317.00 Adj R-Sguared
| CMV. % 0.43 Pred R-Squared
| PRESS 1.998E+005 Adeq Precision
| Coefficient Standard
__|Factor Estimate df Error
| Intercept 5482058 1 155.08
__|B-GNP 644263 1 264062
| C-Unemployment -3085.76 1 42568
__|D-Mitary -1084.65 1 196.41
__|F-Time 14155.57 1 2870.75

0.9954
0.9937
0.9892
68.654
95% CI 95% CI
Low High VIF
64470.58 65170.81
-12254 59 63067 51512
-4002.87 -2128.85 14.11
-1516.95 -£52.35 314
7837.10 20474.05 638.13

Backwardreduced model sttistics and coefficients

| %

1A06 0 O0OU A AE A£FBuidkg tie modeiGrandtie@rsund

APDPOIT .

(mean) up, rather than tearingterms down from the top (all terms in chosen

polynomial). PressModel,thenre-setProcess Or
chooseForward stepwise regression inSelection.
this forward approach with that done earlier going
0.05.

derto Linear. Thistime
To provide afair comparison of
backward, changélphain to

== e

F+

Fit Summary | f{x) Model

yh Tranafarm ‘

N

ANOYA

@ Diagnostics

hodel Graphs:

Process order.

Lingar -

When reducing your maedel in the
presence of collinearity, we
suggest using both backward
and stepwise model selection

IR methods. Compare their
Selection: | Fi d - 0.05 ctive ANOVA: d
— el
Backward settling on a model.
}—‘ &
Intercept | stepwise
A-Prices
B-GNP [l
C-Unemployment  [¥]
D-Military M
E-Population I
F-Time I
Forward selection (remember to rset model to the original process order first!)
Heed thetext displayedby the programj 7 EAT OAAOQOAET igcauseti@dsO | 1T AAT
approach may rot work as well for this highly collinear set of factors. See what
happens now inANOVA.
y]‘ Tranzfarm f(x) Model % AMOWA 4+ Diagnostics DMDdeIGraphs
| Response 1 Employment
— Forward Regression with Alpha to Enter = 0.050
: Forced Terms Intercept
: Coefficient t for Ho
- Added Estimate Coefi=0 Prob > |i| R-Squared MSE
B-GNP 5570.88 2037 =0.0001 0.9574 4 312E+005
I C-Unemployment -TETET -2.89 0.0105 0.9807 2. 753E+005
Resultsof forward regression
10 Y Historical Data RSM Tutorial —Part 1 Design-Exp e r t 8 User’'s Gu
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Surprisingly, factor B now comes ifirst as the single most significant factor. Then
ATl i A0 EAAOT O #8 4EAOGO0 EOA 4 EA
achieve the alphain significance threshold of p<0.05.

1TA@O i1c¢

Look atyour ANOVA to see that all the other terms come out significa

ANOVA for Response Surface Reduced Linear Model

_Analysis of variance table [Partial sum of squares - Type lll]
| Sum of Mean F p-value
| Source Squares df Square Value Prob > F
_ Model 1.814E+008 2 9.071E+007 3259.50 < 0.0001 significant

B-GNF 1.347E+008 1 1.347E+008 489.31 = 0.0009
| C-Unemployment 2 457E+006 1 2 457E+006 852 0.0105
__|Residual 3.5T0E+006 13 2.753E+005
_CurTUtﬂI 1.850E+003 15

ANOVA for forwarereduced model
OnBookmarks, click R-Squared.
yh Transtorm | E2 Fit Summary | f(x)  Model % AP, E Diagnostics DModeI Graphs Bookmarks @
| | | | | e
] Std. Dev. 524.70 R-Squared 0.5807 L0V
Mean §5317.00 Adj R-Squared 0.9777

| Coefficients
] CV. % 0.80 Pred R-Squared 0.9728 ——
] PRESS 5.077E+006 Adeq Precision 49 445 W
] Coefficient Standard 95% Cl 95% CI
] Factor Estimate df Errar Low High VIF
_ Intercept 55499.19 1 132.91 55212.08 §5786.31
_ B-GNP 6065.50 1 27422 547348 855832 1.58
_ C-Unemployment -TS7.87 1 26711 -1375.02 -22081 1.58

Forward-reduced model statistics and coefficients

This simpler model scores very high on all measures of$juared, but it falls a bit
short of what was achieved in the model derivediom the backward regression.

Finally, go back toModel, re-setProcess Order to Linear andtry the last model
Selection option offered by DesigrExpert software: Stepwise.

= Fit Summeary | f(x)  Model %

y* Transtarm AROYA

.+ Disgnostics DModeI Graphs

When reducing your model in the
presence of colinearity, we
suggest using both backward

Alpha in
0.1000

Alpha out
0.1000

Manual
Backward
-  Forward i
Intercept
A-Prices
B-GNP [}

C-Unemployment  [#]
D-Military [l
E-Population I
F-Time Il

and stepwise model selection
methods. Compare their
respective ANOVAs and
summary statistics before
settling on a model.

Specifying stepwise regression

Design-EXx per t
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As you might infer from seeing both Alphan and Apha out now displayed,

stepwise algorithmsinvolve elements of forward selection with bits of backward
added in for good measure. For detailsearch program Help, but consider thig
terms that pass the alpha tesin (via forward regression) may later (@fter further
terms are added) become disposable according to the alpha test out (via backward
selection). If this seems odd, look back at hodEA A O lp-@alué éhahged
dependingon which other factors were chosen with it for modeling.To see what
happens with this forward -selection method, press ANOVAgain Results depend

on what you do with Alphain and Alphaout z both which default back to 0.D00.

As you sean the message displayed for both forward and stepwise (in essence an
enhancementof forwar d) approaches, we favor the backward approach if you
decide to make usef an automated selection method. Ideallyan analystis alsoa
subjectmatter expert, or such a persoris readily accessible. Then they could do
model reduction via the manual method filtered not only by the statistics, but also
by simple common sensdrom someone with profoundsystemknowledge.

This concludes part 1 of oulLongley datasetexploration. In Rart 2 we mine
deeperinto DesignExpert to see interestingresidual analysisaspectswithin

Diagnostics, andve also see what can be gleaned froits sophisticated tools
within Design, Evaluation.
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