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Two-Level Factorial Tutorial 

(Part 1 ς The Basics) 

Introduction 

This tutorial demonstrates the use of Design-Expert® software for two-level 
factorial designs.  These designs will help you screen many factors to discover the 
ÖÉÔÁÌ ÆÅ×ȟ ÁÎÄ ÐÅÒÈÁÐÓ ÈÏ× ÔÈÅÙ ÉÎÔÅÒÁÃÔȢ  )Æ ÙÏÕ ÈÁÖÅÎȭÔ ÄÏÎÅ ÔÈÅ 'ÅÎÅÒÁÌ /ÎÅ-
Factor tutorials that precede this (at least The Basics), please do so now because it 
will be assumed that you already have some familiarity with the software. 

4ÈÅ ÄÁÔÁ ÙÏÕ ×ÉÌÌ ÎÏ× ÁÎÁÌÙÚÅ ÃÏÍÅÓ ÆÒÏÍ $ÏÕÇÌÁÓ -ÏÎÔÇÏÍÅÒÙȭÓ ÔÅØÔÂÏÏËȟ Design 
and Analysis of Experiments, published by John Wiley and Sons, New York.  A wafer-
board manufacturer must immediately reduce the concentration of formaldehyde 
used as a processing aid for a filtration operation.  Otherwise they will be shut 
down by regulatory officials.  To systematically explore their options, process 
engineers set up a full-factorial two-level design on the key factors, including 
concentration at its current level and an acceptably low one. 

Factor Units Low Level (ï) High Level (+) 

A. Temperature deg C 24 35 

B. Pressure Psig 10 15 

C. Concentration Percent 2 4 

D. Stir Rate Rpm 15 30 

Factors and levels for full-factorial design example 

At each combination of these process settings, the experimenters recorded the 
filtration rate.  The goal is to maximize the filtration rate and also try to find 
conditions that allow a reduction in the concentration of formaldehyde, Factor C.  
This case study exercises many of the two-level design features offered by Design-
%ØÐÅÒÔȢ  )Ô ÓÈÏÕÌÄ ÇÅÔ ÙÏÕ ×ÅÌÌ ÄÏ×Î ÔÈÅ ÒÏÁÄ ÔÏ ÂÅÉÎÇ Á ÐÏ×ÅÒ ÕÓÅÒȢ  ,ÅÔȭÓ ÇÅÔ ÇÏÉÎÇȦ 

Design the Experiment 

Start the program by finding and double-clicking the Design-Expert icon.  Click the 
blank-sheet icon / on the left of the toolbar, or select File, New Design, or try our 
new easy-start option by clicking New Design as shown in red below. 

 
Start-up page ɀ New Design option highlighted in red 
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You now see four tabs to the left of your screen.  Stay with the Factorial choice, 
×ÈÉÃÈ ÃÏÍÅÓ ÕÐ ÂÙ ÄÅÆÁÕÌÔȢ  9ÏÕȭÌÌ ÂÅ ÕÓÉÎÇ ÔÈÅ ÄÅÆÁÕÌÔ ÓÅÌÅÃÔÉÏÎȡ 2-Level Factorial. 

 
Two-level factorial design builder 

This design builder offers full and fractional two-level factorials for 2 to 21 factors 
in powers of two (4, 8, 16ȣ) for up to 512 runs.  The choices appear in color on 
your screen.  White squares symbolize full factorials requiring 2k runs for k (the 
number of factors) from 2 to 9.  The other choices are colored like a stoplight: green 
for go, yellow for proceed with caution, and red for stop, which represent varying 
degrees of resolution: Ó V, IV, and III, respectively.  For a quick overview of these 
color codes, press the screen tips  button (or select Tips, Screen Tips) and click 
topic 1: ȰWhat type of information do you want?ȱ 

 
Screen tips for factorial design builder 

Close the Screen Help by pressing X at the upper right of the pop-up window.  You 
now see that the notation shown on the non-×ÈÉÔÅ ÂÏØÅÓ ÉÓ Ȱςk-p,ȱ where p 
designates the fraction of the designȢ  &ÏÒ ÅØÁÍÐÌÅȟ ÈÅÒÅȭÓ the anatomy of a 25-1 
design: 

¶ 5 factors will be tested each at two levels 
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¶ A 2-1 or one-half (1/2) fraction, with the optimal resolution, will b e selected 
from the original 25 (32) combinations, thus this option appears in the 16-
run row (one-half of 32). 

For complete details on fractional factorials, and the concept of resolution, refer to 
the Montgomery textbook or see Chapter 5 in DOE Simplified, 2nd Edition (Anderson, 
Whitcomb, Productivity Press, NY, NY, 2007).  To gain a working knowledge of two-
level designs, attend our Stat-Ease computer-intensive workshop titled  Experiment 
Design Made Easy. 

,ÅÔȭÓ ÇÅÔ ÏÎ ×ÉÔÈ ÔÈÅ ÃÁÓÅ ÁÔ ÈÁÎÄ ɀ a full-factorial design.  Click the white square 
labeled 24 in column 4 (number of factors) in the Runs row labeled 16.  It turns 
black once it is selected, as shown below. 

 
Selecting a full, two-level design on four factors which produces 16 runs 

At the bottom of the screen you see options to select the number of replicates of the 
design, the number of blocks, and the number of center points.  Leave them at their 
defaults. 

Click the Continue button.  You are now able to set up your experiment by 
entering the names, units of measure, and levels for your factors.  Use the arrow 
keys, tab key, or mouse to move from one space to the next.  The Tab (or Shift Tab) 
key moves the cursor forward (or backward) between entry fields. 

Factors can be of two distinct types ɀ Ȱ.ÕÍÅÒÉÃȱ ÏÒ Ȱ#ÁÔÅÇÏÒÉÃ.ȱ  .ÕÍÅÒÉÃ ÄÁÔÁ 
characterizes a continuous scale such as temperature or pressure.  Categoric data, 
such as catalyst type or automobile model, occurs in distinct levels.  Design-Expert 
permits characters ɉÆÏÒ ÅØÁÍÐÌÅȟ ×ÏÒÄÓ ÌÉËÅ Ȱ,Ï×ȱ ÏÒ Ȱ(ÉÇÈȱɊ for the levels of 
categorical factors.  You change the type of factor by clicking on cells in the Type 
ÃÏÌÕÍÎ ÁÎÄ ÃÈÏÏÓÉÎÇ Ȱ#ÁÔÅÇÏÒÉÃȱ ÆÒÏÍ ÔÈÅ ÄÒÏÐ ÄÏ×Î Ìist, or by typing Ȱ#ȱ ɉÏÒ Ȱ.ȱ 
for numeric).  Give this a try ɀ back and forth!  ,ÅÁÖÅ ÔÈÅ ÄÅÆÁÕÌÔ ÁÓ Ȱ.ÕÍÅÒÉÃȱ ÆÏÒ ÁÌÌ 
factors in this case.  Then enter for each factor (A, B, C and D) the Name, Units, 
Low and High levels shown on the screen shot below. 
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Factors ɀ after entering name, units, and levels (plus a peeË ÁÔ ÏÐÔÉÏÎÓ ÆÏÒ Ȱ4ÙÐÅȱɊ 

Now click Continue to bring up the Responses dialog box.  With the list arrow you 
can enter up to 999 responses (more than that can be added later if you like).  In 
this case we only need to enter a single response name (Filtration Rate) and units 
(gallons/hour) as shown below. 

 
Response values entered 

At this stage you can skip the remainder of the fields ɀ used for calculating the 
power of your design ɀ and continue on.  However, it is good to gain an assessment 
of the power of your planned design of experiment.  In this case, manufacturing 
management does not care if averages differ by less than 10 gallons per hour and 
engineering records provide the standard deviation of 5.  Enter these values as 
shown below so Design-Expert can compute a signal to noise ratio of 2. 

 
Optional power wizard ɀ necessary inputs entered 

Press Continue to view the positive outcome ɀ power that exceeds 80 percent 
probability of seeing the desired difference. 
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Results of power calculation 

Click Continue to accept these inputs and generate the design layout window.  
9ÏÕȭÖÅ ÎÏ× ÃÏÍÐÌÅÔÅÄ ÔÈÅ ÆÉÒÓÔ ÐÈÁÓÅ ÏÆ $/% ɀ the design.  Notice that this is one of 
three main features offered by Design-Expert software, the others being Analysis 
and Optimization.  9ÏÕȭÒÅ also provided an area to write notes for yourself and 
others accessing the designs.  Click the Notes node ÔÏ ÔÁËÅ Á ÌÏÏË ÁÔ ×ÈÁÔȭÓ ×ÒÉÔÔÅÎ 
there by default.  Add your own comments if you like. 

 
Notes on data file 

9ÏÕȭÖÅ ÐÕÔ ÉÎ ÓÏÍÅ ×ÏÒË ÁÔ ÔÈÉÓ ÐÏÉÎÔ ÓÏ ÉÔ ÉÓ Á ÇÏÏÄ ÔÉÍÅ ÔÏ ÓÁÖÅ ÉÔȢ  The quickest 
way of doing this is to press the standard save icon <.  But you can also go to the 
File menu and select Save As.  Type in the name of your choice (such as 
Factorial.dxp) for your data file.  Then click Save. 

 
Saving the design 
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Enter the Response Data 

Exit the notes page by clicking the Design node.  (Notice the node appears as 
Design (Actual) ɀ meaning your factors are displayed in actual levels, as opposed 
to coded form).  At this stage you normally would print the run sheet, perform the 
experiments, and record the responses.  The software automatically lists the runs 
in randomized order, protecting against any lurking factors such as time, 
temperature, humidity, or the like.  To avoid the tedium of typing numbers, yet 
preserve a real-life flavor for thi s exercise, simulate the data by right -clicking the 
Response column header to bring up a new menu.  (Notice that one of the options 
ɀ Insert Response ɀ allows you to insert more responses as mentioned earlier.)  
Select Simulate Response. 

 
Simulating the response 

9ÏÕ ×ÉÌÌ ÎÏ× ÓÅÅ Á ÌÉÓÔ ÏÆ ȰÓÉÍȱ ÆÉÌÅÓȢ  Double-click Filtrate.sim (or press Open).  
The filtration process simulation now generates the response data.  Right click the 
Std column header (on the gray square labeled Std) and select Sort by Standard 

Order as shown below.   Note that the Column Header for Factor 3 is truncated 

 
Design layout in standard order ɀ response data entered (via simulation) 
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(ie. #ÏÎÃÅÎÔÒÁÔȣ percent).   To automatically re-size the column, move the cursor to 
the right border of the column header until it turns into a double-headed arrow       
( ).  Double-click and the column will be resized to fit the Column Header. 

Your data will now match the tutorial except for a different random run order.  
(When doing your own experiments, always do them in random order.  Otherwise, 
lurk ing factors that change with time will bias your results.) 

.Ï× ÔÈÁÔ ÙÏÕȭÖÅ ÇÏÔ ÒÅÓÐÏÎÓÅÓ ÒÅÃÏÒÄÅÄȟ ÉÔȭÓ ÁÎÏÔÈÅÒ ÏÐÐÏÒÔÕÎÅ ÔÉÍÅ ÔÏ ÓÁÖÅ ÔÈÅ 
updated file by clicking the Save icon <. 

The response data came in under a general format.  You will get cleaner outputs if 
you change this to a fixed format.  Place your mouse over the Response column 
heading (top of the response column), right click and select Edit Info... 

 
Selecting Edit Info option 

Click the Format arrow and choose 0.0 from the drop list. Press OK. 

 
Changing the format 

Using the same Edit Info feature, you can also change ÉÎÐÕÔ ÆÁÃÔÏÒÓȭ format, names, 
or levels.  Try this by right clicking any other column headings.  Then continue with 
this tutorial. 

Design-Expert provides two methods of displaying the levels of the factors in a 
design: 

¶ Actual levels of the factors. 

¶ Coded as -1 for low levels and +1 for high levels. 

The default design layout is actual factor levels in run order.  To view the design in 
coded values, click Display Options on the menu bar and select Process Factors 
- Coded.  Your screen should now look like the one shown below. 
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Design layout - coded factor levels (your run order may differ) 

Notice that the Design node now ÄÉÓÐÌÁÙÓ ȰÃÏÄÅÄȱ ÉÎ ÐÁÒÅÎÔÈÅÓÅÓ ɀ Design 

(Coded).  This can be helpful to see at a glance whether anyone changed any factor 
levels from their design points. 

Now convert the factors back to their original values by clicking on Display 
Options from the menu bar and selecting Process Factors - Actual. 

Pre-Analysis of Effects via Data Sorts and Simple Scatter Plots 

Design-Expert provides various ways for you to get an overall sense of your data 
before moving on to an in-depth analysis.  For example, via the same right-click 
menu used to Edit Info, you can sort by any column. 

To see this, move your mouse to the top of column Factor 1 (A: Temperature) and 
right -click.  Then select Sort by This Factor. 

 
Sorting the design on a factor 

You will now see more clearly the impact of temperature on the response.  Better 
yet, you can make a plot of the response versus factor A by selecting the Graph 

Columns node that branches from the ÄÅÓÉÇÎ ȬÒÏÏÔȭ at the upper left of your screen.  
You should now see a scatter plot with factor A:Temperature on the X-axis and the 
response of Filtration Rate on the Y-axis. 

Observe that temperature makes a big impact on the response.  Notice the high 
correlation reported on the legend. 
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Legend for default graph columns on filtration data 

The points are colored by run number.  Just for fun, mouse over to the Graph 

Columns floating menu, click the Color By drop-down list and select 
C:Concentration as shown below. 

 

Graph columns for temperature versus filtration rate, colored by concentration 

Do you see how two colors stratify at each level of temperature ɀ but oppositely ɀ 
red at the top for the rates plotted at the left (temperature 24) versus blue coming 
out higher for filtration rate  at the right?  Consider what this may indicate about 
how concentration interacts with temperature to produce an effect on filtration 
ÒÁÔÅȢ  (Ï×ÅÖÅÒȟ ÌÅÔȭÓ ÎÏÔ ÇÅÔ ÁÈÅÁÄ ÏÆ ÏÕÒÓÅÌÖÅÓ ɀ this is only a preliminary to more 
thorough analyses using much more sophisticated graphical and statistical tools. 

You may wonder why tÈÅ ÎÕÍÂÅÒ Ȱςȱ ÁÐÐÅÁÒÓ ÂÅÓÉÄÅÓ Á ÆÅ× ÐÏÉÎÔÓ ÏÎ ÔÈÉÓ ÐÌÏÔȢ  
This notation indicates the presence of multiple points at the same location.  Click 
on one of these points more than once to identify the individual runs.  Coming up 
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soon you will use powerful analysis features in Design-Expert software to find out 
×ÈÁÔȭÓ ÒÅÁÌÌÙ ÇÏÉÎÇ ÏÎ in this wafer-board production process. 

Analyze the Results 

To begin analyzing the design, click the Filtration Rate response node on the left 
side of your screen.  This brings up the analytical tool bar across the top of the 
screen.  To do the statistical analysis, simply click the buttons progressively from 
left to right. 

The Transform button is initially highlighted , as shown below.  It displays a list of 
mathematical functions that you may apply to your response.  For details press the 
Tips button. 

 
Transformation options 

Near the bottom of your Transform screen, Design-Expert notes that the response 
range is 2.4-fold ɉȰ2ÁÔÉÏ ÏÆ ÍÁØ ÔÏ ÍÉÎ ÉÓ ςȢτρψφȱɊȢ  4ÈÉÓ ÎÕÍÂÅÒ falls below the 
ratio  ÏÆ σ ×ÈÅÒÅ Ȱȣpower transforms have little effect.ȱ  Therefore, you can leave 
the transformation at its default: None. 

Choosing Effects to Model 

Click the Effects button.  The program displays the absolute value of all effects 
(plotted as squares) on a half-normal probability plot.   (Color-coding provides 
details whether the effects are positive or negative.) 



DX8-03A-TwoLevel-P1.docx Rev.4/22/10 

Design-9ȄǇŜǊǘ у ¦ǎŜǊΩǎ DǳƛŘŜ                                Two-Level Factorial Tutorial ς Part 1 ¶ 11 

 
Half-normal plot of effects ɀ nothing selected 

Note the message on your ÓÃÒÅÅÎȡ ȰSelect significant terms ɀ see TipsȢȱ  9ÏÕ ÍÕÓÔ 
choose which effects to include in the model.  If you proceed without doing so at 
this point, you will get a warning message stating ȰYou have not selected any 
factors for the modelȢȱ  4ÈÅ ÐÒÏÇÒÁÍ ×ÉÌÌ ÁÌÌÏ× ÙÏÕ ÔÏ proceed, but with only the 
mean as the model (no effects), or you can opt to be sent back to the Effects view 
(a much better choice!). 

You can select effects by simply clicking on the square points.  Start with the largest 
effect at the right side of the plot, as shown below. 

 
First effect chosen 

Keep selecting individual effects from right to left  until the line matches up with the 
majority of the effects near zero.  Notice that Design-Expert adjusts the line to 
exclude chosen effects.  At the point where you should stop, this line Ȭjumps up,ȭ 
leaving a noticeable gap as shown below.  In this case, the gap appears between the 
main effect of factor C and the near-zero effects that fall on the line. 
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Half-normal probability plot - all big effects selected 

Until you get familiar with the half-normal plot, it is best that you continue picking 
effects one at a time from the largest (right-most) on down.  However, after doing 
this many times, you will get tired of all this mouse-clicking.  Instead you may want 
ÔÏ ÓÔÁÒÔ Ȭropingȭ ÔÈÅ ÏÂÖÉÏÕÓÌÙ ÓÉÇÎÉÆÉÃÁÎÔ ÅÆÆÅÃÔÓȢ  4Ï ÓÅÅ ÈÏ× ÔÈÉÓ ÆÅÁÔÕÒÅ ×ÏÒËÓȟ 
first go to the floating Effects Tool and press Clear Selection as shown below. 

 
Clearing the selection of effects 

Now, as shown in the screenshot below, do a mouse drag (depress left button and 
pull down) to form a box around the effects that stand off at the right from the 
trivial many that are lined up near zero.  This is like a cowboy roping stray cows. 
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Roping the effects 

Notice that when you release the mouse button Design-Expert labels the roped 
effects. 

Now is a good time to click the handy screen tips  button.  Then click the topic 
Select Terms for a re-cap of the process for choosing effects just demonstrated in 
this tutorial.  

 
Screen Tips for half-normal plot of effects 

Now try the Show Select Terms Video Clip for a movie that illustrates how to 
ÓÅÌÅÃÔ ÅÆÆÅÃÔÓȢ  !ÆÔÅÒ ÖÉÅ×ÉÎÇ ÔÈÉÓ ȬÄÅÍÏȭ ÁÎÄ ÐÅÒÈÁÐÓ ÃÈÅÃËÉÎÇ ÏÕÔ ÏÔÈÅÒ ÖÉÄÅÏ ÃÌÉÐÓ 
and tips, X out of this window. 

It may help you visualize the magnitude of the chosen effects by displaying them on 
an ordered bar chart.  Do this via the floating Effects Tool, Pareto Chart.  Notice 
the vertical axis shows the t-value of the absolute effects.  This dimensionless 
statistic scales the effects in terms of standard deviations.  In this case, it makes no 
difference to the appearance of the chart, but when you encounter botched factor 
levels, missing data, and the like, the t-value scale provides a more accurate 
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measure of relative effects.  Click the next biggest bar and notice it is identified as 
ABD as shown below (lower right) . 

 
Pareto chart of effects with ABD picked (a mistake!) 

Notice that the ABD bar falls below the bottom limit, so click off the ABD bar.  
Now, to see quantitative detail on the chosen model effects and those remaining for 
estimation of error, on the floating Effects Tool click Effects List. 

 
Effects list 

)Æ ÙÏÕ ÓÅÅ ÁÎ Ȱ-ȱ (model designated) for ABD, double-ÃÌÉÃË ÉÔ ÂÁÃË ÔÏ ȰÅȱ (error.)  
For details regarding this screen, investigate Tips.  However, it may be best to move 
on fairly quickly so you can finish this tutorial before being overwhelmed with too 
much information (TMI).  You can always return to screens later (perhaps after a 
suitable period of rest) and study the details found in Tips and our program Help. 

ANOVA and Statistical Analysis 

It is now time to look at the statistics in detail with the analysis of variance 
(ANOVA) table.  Click the ANOVA button to see the selected effects and their 
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coefficients.  By default, Design-Expert provides annotations in blue text.  This can 
be toggled off via the View menu.  Note that if turned off, it will not tell you if your 
model is significant. 

 
Annotated View 

#ÈÅÃË ÔÈÅ ÐÒÏÂÁÂÉÌÉÔÙ ɉȰÐ-ÖÁÌÕÅȱɊ ÆÏÒ ÔÈÅ -ÏÄÅÌȢ  "Ù ÄÅÆÁÕÌÔȟ $ÅÓÉÇÎ-Expert 
considers values of Ѕ 0.05 to be significant.  Via Edit, Preferences, Math, the 
significance threshold can be changed to 0.1 or 0.01, depending on how much risk 
you wish to accept.  Also inspect the p-values for the model terms A, C, D, AC, and 
AD: All pass the 0.05 test with room to spare. 

 
ANOVA report 

Pop-up definitions for numbers on the ANOVA table can be obtained by right 
clicking and choosing Help.  Try this for the Mean Square Residual statistic, as 
shown below. 

 

 
Accessing context-sensitive Help 


