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One-Factor RSM Tutorial  

(Part 1 ς The Basics) 

Introduction 

In this tutorial you will get an introduction to response surface methods (RSM) at 
its most elementary level ɀ only one factor.  It will be assumed that at this stage 
ÙÏÕȭÖÅ ÍÁÓÔÅÒÅÄ ÍÁÎÙ $ÅÓÉÇÎ-Expert® software basic features by completing the 
preceding tutorials.  At the very least you ought to first do the General One-Factor 
tutorials, basic and advanced, before starting this one. 

The data for this one-factor tutorial, shown below, comes from RSM Simplified 
(Mark J. Anderson and Patrick J. Whitcomb, 2005, Productivity, Inc., New York: 
Chapter 1). 

x: 

Departure 

(minutes) 

y: 

Drive time 

(minutes) 

0 30 

2 38 

7 40.4 

13 38 

20 40.4 

20 37.2 

33 36 

40 37.2 

40 38.8 

47.3 53.2 

Commuting times as a function of when the driver leaves home 

The independent (xɊ ÖÁÒÉÁÂÌÅ ɉÆÁÃÔÏÒɊ ÉÓ ÔÈÅ ÄÅÐÁÒÔÕÒÅ ÔÉÍÅ ÆÏÒ -ÁÒËȭÓ ÍÏÒÎÉÎÇ 
commute to work at Stat-Ease, Inc.  Time zero (x=0) represents a 6:30 A.M. start, so 
for example, at time 40, the actual departure is 7:10 A.M.  Mark wants to quantify 
the relationship between time of departure and the length in minutes of his 
commute ɀ the response Ȱy.ȱ   

,ÅÔȭÓ begin by setting up this one-factor RSM experiment in Design-Expert.  Be 
forewarned, we must do some editing of the design to deal with some unplanned 
events in the actual execution.  Fortunately, the software allows for such revising in 
the experimental design layout and deals with any repercussions in the subsequent 
analysis. 
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Design the Experiment 

Start Design-Expert.  You will see our handy new quick-start page, which includes 
the main menu and icon bar.  Using your mouse, click New Design ɀ or press the 
blank-sheet icon / on the upper left of the toolbar (or select File, New Design). 

 
Quick-start page ɀ New Design selection highlighted 

You now see four tabs at the left of your screen.  Click the tab labeled Response 
Surface.  Then select One Factor design (Note that choosing only one factor 
under the Central Composite or Box-Behnken designs is not possible as these 
designs require multiple dimensions). Your screen should now look like the one 
shown below.  One factor is not an option on the Central Composite Design or Box-
Behnken. 

 
One factor response surface design 

Now enter for factor A the Name, Units, Low, and High inputs as shown below. 

 
Entering factor name, units, and low/high experimental range levels 

-ÁÒËȭÓ initial theory was that traffic comes in waves.  In other words, traffic does 
not simply increase in a linear fashion as rush hour progresses.  Instead, he 
hypothesized that traffic builds up, backs off a bit, and then peaks in terms of 
density of cars on the roads into town.  RSM designs, such as central composite 
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(CCD) and Box-Behnken, are geared to fit quadratic models (refer to RSM Simplified 
for math details).  Generally this degree of polynomial proves more than adequate 
for approximating the true response.  But in this case, where the response may be 
Ȭ×ÁÖÙȟȭ we will notch up to the third-order Model labeled Cubic.  The model 
droplist is located near the bottom of your screen. 

 
After selecting a cubic model (center points increased by default to 2) 

Notice that the number of runs increases from 7 to 10 after upgrading your model 
from its default of quadratic.  This upgrade includes 2 center points added in by 
default.  Thus it takes only 3 more runs to design for the cubic model. 

Press Continue to move on to the response entries.  Now enter the Name and 
Units inputs as shown below. 

 
Response data entry 

Press Continue to see the resulting design displayed in randomized run order.  

Modify the Design As Actually Performed 

.ÏÒÍÁÌÌÙ ÙÏÕȭÄ ÎÏ× ÐÒÉÎÔ your screen and use it as a procedure (recipe) sheet.  
(Ï×ÅÖÅÒȟ ÔÏ ÒÅÐÒÏÄÕÃÅ -ÁÒËȭÓ ÅØÐÅÒÉÍÅÎÔ ÉÔ is helpful to right -click the Factor 

column header, and from the pop-up menu select Sort by This Factor. 

 
Design layout sorted by factor level (your run numbers may vary due to 
randomization) 

4Ï ÁÃÃÏÕÎÔ ÆÏÒ -ÁÒËȭÓ mistake of awakening very, very late one morning, replace 
the first Factor entry of 0.00 with his actual departure time of 47.3. 
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First run re-entered at actual value of 47.3 

That tardy start was not -ÁÒËȭÓ only mistake.  (Evidently Mark is not a morning 
person!)  He also got mixed up somehow on another specified departure ɀ so you 
must also replace the Factor entry of 26.66 with the actual value of 2.  (Strange but 
true: Mark ÄÉÄÎȭÔ ÁÄÈÅÒÅ ÔÏ ÈÉs recipe sheet and left too early that morning.) 

 
Changing the second botched factor level 

Again, right-click the Factor column and Sort by This Factor so we can better see 
how times now line up in this design. 

OK, notice how this design specifies some departure times to the one-hundredth 
decimal place, for example 6.68.  This is ÉÍÐÒÁÃÔÉÃÁÌȟ ÓÏ ÌÅÔȭÓ ÒÏÕÎÄ ÔÏ ÔÈÅ ÎÅÁÒÅÓÔ 
minute: Replace Factor levels 6.68 with  7, 13.34 with 13, and 33.32 with 33 as 
shown below. 

 
Rounding inconvenient factor levels 
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That was a lot of work, so now is a very good time to preserve it by selecting File, 
Save As.  Type in the name of your choice (such as Driving) for your data file, 
which will be saved as a *.dxp type. 

 

 
Save As dialog box 

Click SaveȢ  .Ï× ÙÏÕȭÒÅ ÐÒÏÔÅÃÔÅÄ ÉÎ ÃÁÓÅ ÏÆ Á ÓÙÓÔÅÍ ÃÒÁÓÈȢ  Next, enter the 
response values as shown below. 

 
Entering response data 

This is another good time to preserve your work, so click the Save icon < on the 
toolbar. 

 
Saving the ÒÅÓÐÏÎÓÅ ÄÁÔÁ ÙÏÕȭÖÅ ÅÎÔÅÒÅÄ 

The design is done and the experiment completed ɀ not quite as Mark originally 
planned, but perhaps well enough.  We will see. 

Analyze the Results 

Before we start the analysis, be forewarned that you will now get exposed to quite a 
number of statistics related to least-squares regression and analysis of variance 
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(ANOVA).  If you are coming into this cold, pick up a copy of RSM Simplified and 
keep it handy.  For a good guided tour of these RSM analysis statistics, attend the 
Stat-Ease workshop titled  RSM for Process Optimization.  Details on this computer-
intensive and hands-on classȟ ÉÎÃÌÕÄÉÎÇ ×ÈÁÔȭÓ ÎÅÅÄÅÄ as a prerequisite, can be 
found at www.statease.com.  Or simply visit our website to see valuable tips and 
case studies. 

Under the Analysis branch click the node labeled Drive time.  Design-Expert 
displays a screen for transforming the response. 

 
Transformation options 

As noted at the bottom of the above screen, in this case the response range is not 
that great (less than three-fold), so do not bother trying any transformation ɀ it can 
remain at the default of none.  However, before moving on, press the screen tips  
button (or select Tips, Screen Tips).  This is a very handy help system that tells 
you about any screen you are viewing. 

 
Tips on transform screen in Design-Expert software 

http://www.statease.com/
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As you travel from one screen to the next for the first time, keep pressing screen 
tips to get a brief overview on a just-in-time basis.  For more detail, go to program 
Help and search on a specific topic. 

Now press Fit Summary.  Design-Expert ÐÒÏÖÉÄÅÓ Á ÓÕÍÍÁÒÙ ÔÏ ÓÔÁÒÔȢ  ,ÅÔȭÓ ÌÏÏË ÁÔ 
the underlying tables ɀ start by pressing the Sum of Squares on the floating 
Bookmarks tool.  You then see a table that evaluates each degree of the model 
from the mean on up. 

 
Fit Summary ɀ table of sequential model sum of squares 

See RSM Simplified Chapter 4 if you are interested in the details.  The program 
suggests the cubic model and underlines that line in this table of sequential sum of 
squares.  The extremely low p-value indicates a highly significant advantage when 
ÁÄÄÉÎÇ ÔÈÉÓ ÌÅÖÅÌ ÔÏ ×ÈÁÔȭÓ ÁÌÒÅÁÄÙ ÂÅÅÎ ÂÕÉÌÔ ɉÍÅÁÎȟ ÌÉÎÅÁÒ, and quadratic).  
Remember to try the screen tips on this screen.  Also, try right -clicking on a given 
cell to see if the program offers context-sensitive Help, as it does below. 

 
Accessing context-sensitive Help by right-clicking a report cell 
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Also, consider referring to program Help via the main menu. 

Scroll down to the next section of output, which displays tests for lack of fit. 

 
Lack of fit tests 

The cubic model produces insignificant lack of fit ɀ ÔÈÁÔȭÓ ÇÏÏÄȦ 

On the floating Bookmark press the R-Squared button to jump down to the last 
section of the fit summary report ɀ model summary statistics. 

 
Model summary statistics 

It should be no wonder that Design-Expert suggests cubic.  Look how much lower 
the standard deviation is from this model and how much better it is compared with 
lower-order models for R-squared ɀ raw, adjusted, and predicted.  Also the cubic 
model produces the least PRESS (predicted residual sum of squares) ɀ a good 
measure of its relative precision for forecasting future outcomes. 

Move on by pressing the Model button. 
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The cubic model chosen 

)ÔȭÓ pre-set the way the software suggested, so without further ado, press ANOVA 
for the analysis of variance.  Select the View to provide an Annotated ANOVA. 

 
View menu for ANOVA report 

Design-Expert reports that the outcome for the model is statistically significant.  It 
also tells you that the lack-of-fit is not significant. 

 
Analysis of variance (ANOVA) ɀ annotated to indicate statistical significance 

Below the ANOVA table you see further discussion on the statistics. 
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Analysis of variance (ANOVA) ɀcomments below the table 

Scroll down to the next section of output, which displays various model statistics, 
such as R-Squared.  (Or simply press R-Squared on the floating Bookmarks 
palette.) 

 
Post-ANOVA statistics 

Most of these measures have already appeared in the Fit Summary report, but a few 
are newly reported.  Read the annotations and, if you need more detail, get Help by 
right -clicking on any particular statistic. 

Scroll down further  or click Coefficients on the floating Bookmark palette to see 
details on the model coefficients, including confidence intervals (CI) and the 
variance inflation factors (VIF) ɀ a measure of factor colinearity.  A simple rule-of-
thumb is that VIFs less than 10 can be safely disregarded, so perhaps Mark did not 
botch things too badly by missing some of his scheduled times for departure. 

 
Details on model coefficients 

After this you see the predictive equations in terms of coded factor levels and the 
actuals. 
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Final equations for predicting drive time 

This last formula will be most useful for Mark, because he can simply plug in his 
departure time in minutes (remember that zero represents 6:30 a. m.) and get an 
estimate of how long it will take to drive into town for work at Stat-Ease.  However, 
it pays to do some checking before making use of predictive models generated via 
RSM. 

Analyze Residuals 

Press the Diagnostics button to see a normal plot of the residuals. 

 
Normal plot of residuals (longest drive time highlighted) 

Notice they are colored by drive time.  Click the red one ɀ this is the longest 
commute resulting from Mark oversleeping one day when the design said he ought 
to have left at the earliest time. 

7Å ÃÏÕÌÄ ÓÁÙ Á ÌÏÔ ÍÏÒÅ ÁÂÏÕÔ ÔÈÉÓ ÐÌÏÔȟ ÂÕÔ ÌÅÔȭÓ ÊÕÓÔ ÃÁll it good, because all the 
points line up nicely and the test for departure from normality is insignificant.  For 
more details, press Tips.  Also, refer to preceding tutorial General One-Factor ɀ Part 
1, where it delves into the Diagnostic tools of Design-Expert software. 

On the floating Diagnostics Tool, press the Predicted vs Actual button to see a 
plot showing how precisely the drive time is modeled. 
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Predicted versus actual response 

The points show some scatter around the 45 degree line in the times below 40, but 
it hits the high point directly .  However, recall that Mark never intended to leave so 
ÌÁÔÅ ÔÈÁÔ ÈÅȭÄ ÇÅÔ ÉÎÔÏ ÔÈÅ ÒÕÓÈ ÈÏÕÒ ÔÈÁÔ ÐÒÅÃÉÐÉÔÁÔÅÄ ÓÕÃÈ Á ÌÏÎÇ ÄÒÉÖÅ ÔÉÍÅȢ  "Ù 
including the result, he degraded the quality of the original design laid out by 
Design-Expert.  In particular, the added point is very influential in the fitting and 
thus gets predicted very tightly. 

This flaw becomes very obvious via another diagnostic plot: on the floating 
diagnostics tool, click the button labeled Influence and choose the option for 
Leverage.  (Note: your plot may differ due to the randomization of run order that 
Design-Expert changes whenever it rebuilds a design.)  You should now see that the 
leverage for the longest drive-time point falls above the red-line threshold for this 
statistic ɀ twice the average leverage.  For your information, the average leverage 
(0.4) is simply calculated by dividing the number of model coefficients (4 including 
the intercept) by the number of runs (10). 
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Leverage (your pattern may differ due to randomization of run order) 

Do not assume this highlighted point is an outlier.  In fact, Mark (to his chagrin) 
observes similarly long drive times whenever he departs late from home.  However, 
this particular set of experimental data relies heavily on this one point for fitting 
one or more of the model terms.  If you want to assess whether this point is an 
outlier, click the Ext. Student ei (externally studentized residuals) plot. 

 
Externally studentized residuals ɀ an outlier evaluation (your run order may differ) 

Now it becomes obvious that the decision to keep this particular point, even though 
unplanned, may be acceptable.  Ultimately this depends on your subject-matter 
knowledge (in this case Mark draws on a decade of experience commuting daily 
into work) and confirmation runs (yes, if you leave so late that you get caught in 
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rush hour, you will spend more time driving: Add this to the list of sure things, 
along with death and taxes). 

/ÎÃÅ ÁÇÁÉÎ ×ÅȭÖÅ ÇÌÏÓÓÅÄ ÏÖÅÒ ÔÈÅ ÄÅÔÁÉÌÓ ÏÎ ÈÏ× ÔÈÉÓ ȰÅØÔÅÒÎÁÌÌÙ ÓÔÕÄÅÎÔÉÚÅÄȱ 
ÒÅÓÉÄÕÁÌ ÐÌÏÔ ÉÓ ÃÏÎÓÔÒÕÃÔÅÄȢ  $ÏÎȭÔ ÂÅ ÓÈÙ ÁÂÏut pressing the Tips! 

View the Effects Plot 

OK, we are finally at the stage where we can generate the response surface plot and 
see how drive time varies as a function of the time of departure: Press Model 

Graphs to produce the response surface plot.  The dotted lines represent the 95% 
confidence band on the mean prediction at any given departure time. 

 
One factor model graph (response surface plot) 

Oops!  The program still thinks Mark will never leave more than 40 minutes later 
than the earliest time (6:30 A.M.).  But as you know, he goofed up one morning and 
left later.  With your mouse over the plot, right -click and select Graph 

Preferences to remedy this discrepancy between planned and actual maximum 
factor level. 

 
Graph preferences menu 

On the X Axis dialog box, which comes up by default, change the High level to 50. 
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Graph preference options (via right-click on plot) 

Finally, select the Y Axis tab and enter for the Low end a value of 30 and for the 
High side the level of 70. 

 
Changing the Y axis range 

Click OK to see how this changes the plot.  (The warning about the factor value 
being outside of the design space is a helpful reminder that Mark overslept that one 
morning and left much later than planned.) 


