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1 Introduction

This programwas designedfor use in teachingthe statisticalprocedureknown as Analysis of
Variance (ANOVA). In brief, it generatesappropriatedatasetsfor useas examplesor practice
problems,and it computesthe correctANOVA for eachdataset. It handlesbetween-subjects,
within-subjects,andmixed designs,andcango up to six factors,with somerestrictionson the
numbersof levels,subjects,andmodelterms.

Theprogramcanberun in eitherof two modes:onedesignedfor useby students;theother, by
teachers.

Thestudentmodeissimpler:Thestudentsimplyspecifiestheexperimentaldesign,andAnoGen
generatesanappropriaterandomdataset.Thestudentcanthenview thedatasetandanswers,and
save themto a file. Thus,studentscanfairly simply getasmuchcomputationalpracticeasthey
want.

Theteachermodeis morecomplicated:Theteachernotonly specifiestheexperimentaldesign,
but alsocontrolsthethecell meansanderrorvarianceto obtainwhatever

�
valuesaredesiredfor

theexample.Considerablefamiliarity with ANOVA is neededto usethis mode.

2 Step-by-Step Instructions: Student Mode

1. Starttheprogramasis appropriateon your computersystem(e.g.,by typing AnoGenat a
DOSprompt).

2. OnceAnoGenis running,typeS to enterthestudentmode.

3. Specifythedesign:

(a) To set the numberof within-subjectsfactors,type W, andthentype the numberyou
want,followedby enter.

(b) Similarly, typeB to setthenumberof between-subjectsfactors,

(c) Similarly, type S to set the numberof subjectsper group. A “group” is definedby
onecombinationof levels of the between-subjectsfactors. For example,if you have
between-subjectsfactorsof Male/FemaleandYoung/Old,then therearefour groups
corresondingto thefour combinations.

Note thatyou cansetthesenumbersin any order, andyou canchangeeachoneasoftenas
you like. After youhave thesettingsyouwant,typectrl-Q to move on to thenext step.

4. Now specifythenumberof levelsof eachfactor. Typethelettercorrespondingto thefactor
you wantto change(A, B, . . . ), andthenenterthenumberof levelsyou want. Again,after
youhave thesettingsasyouwantthem,typectrl-Q to move on to thenext step.

5. TypePto displaytheproblem(i.e.,thedataset).Ideally, youwouldnow dothecomputations
by hand,for practice.(Theinformationgivenin theproblemdisplayis intendedto beself-
explanatory, but someexplanationis givenin Section3.)
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Table1: An exampleof a problemdisplay. This designhastwo between-subjectsfactors(A and
B) with two levelseach,andthreesubjectspergroup.

GroupA1B1:
Sub1: 95
Sub2: 78
Sub3: 97

GroupA2B1:
Sub1: -19
Sub2: -37
Sub3: -10

GroupA1B2:
Sub1: 55
Sub2: 64
Sub3: 73

GroupA2B2:
Sub1: 58
Sub2: 63
Sub3: 71

6. TypeS to displaythesolution(i.e.,cell means,ANOVA table,etc).This is whereyoucheck
yoursolutionandmakesureyou’vedoneit correctly. Thesolutioncontainsthevariousparts
that I usein teachingANOVA using the generallinear model. (More explanationof the
informationgivenin thesolutiondisplayis givenin Section4.)

7. If youwant,typeF to save theproblemandsolutionto afile. (Themainreasonto for doing
this is to get a printedversionof the problemandsolution.) Enterthe nameof the file to
whichyouwanttheinformationsaved.

8. Typectrl-Q to quit whenyouaredonewith thisproblem.AnoGenwill thenaskif you want
to startover again:TypeY if youwantto doanotherproblem,or N to quit.

3 Explanation of Problem Display

Table1 shows an exampleof a problemdisplay. Thereis oneline per subject,andthe different
groupscorrespondto thedifferentlevelsof thebetween-subjectsfactor(s).For this example,the
problemdisplayfits ona singlescreen;with largerdesigns(i.e.,moregroupsor moresubjectsper
group),theproblemdisplaymaybesplit acrossseveralscreens.

Table 2 shows an exampleof a problemdisplay for a more complex experimentaldesign.
Notethatthedifferentconditionstestedwithin-subjectsarelistedacrosstheline, andthedifferent
subjectsandgroupsorganizedasin thebetween-subjectsdesign.
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Table2: An exampleof a problemdisplay. This designhasa within-subjectsfactor(A) with two
levels,two between-subjectsfactors(B andC) with two levelseach,andthreesubjectspergroup.

GroupB1C1:
A1 A2

Sub1: 77 53
Sub2: 84 56
Sub3: 103 41

GroupB2C1:
A1 A2

Sub1: 77 65
Sub2: 54 64
Sub3: 73 69

GroupB1C2:
A1 A2

Sub1: 103 75
Sub2: 100 78
Sub3: 97 57

GroupB2C2:
A1 A2

Sub1: 72 10
Sub2: 74 18
Sub3: 58 2

4 Explanation of Solution Display

Thesolutiondisplayhasseveralcomponents,asdescribedbelow. Someof thesecomponentsmay
beomittedif they donotfit well with thewayyour instructorteachesthematerial.

4.1 Design

This shows a list of factorswith the numberof levels per factor. Also shown is the numberof
subjectspergroup.

4.2 Cell Means

Thecell meansaregivenin a tableof this form (thesearethemeansfor theproblemin Table2):
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Cell: Mean
u 65
A1 81
A2 49
B1 77
B2 53
A1 B1 94
A1 B2 68
A2 B1 60
A2 B2 38
C1 68
C2 62
A1 C1 78
.. .

The first line (u) shows the overall meanacrossall conditions. The next two lines (A1 andA2)
show themeansof all scoresat levels1 and2 of factorA, respectively. Thenext two lines(B1 and
B2) show themeansof all scoresat levels1 and2 of factorB, respectively. Thenext line (A1 B1)
shows themeanof all scoresat level 1 of factorA andlevel 1 of factorB, andthenthenext three
linesshow meansfor theothercombinationsof levelson thesetwo factors.And soon.

4.3 Model

The modelsectionshows the form of the generallinear modelappropriatefor this design. The
maineffect andinteractiontermsaredenotedby capitalletters(A, B, AB, etc),S is for subjects,
andthesubscriptsaredenotedby lower-caseletters(i, j, k, etc).

4.4 Estimation Equations

Theestimationequationssectionshowstheequationusedto estimateeachtermin thelinearmodel.
Theperiodsubscriptis usedto denoteaveragingacrosslevelsof the factorcorrespondingto that
subscript.

4.5 Decomposition Matrix

Thedecompositionmatrixshowsthebreakdown of all datavalues(numbersof theleft sidesof the
equalssigns)into theestimatedvaluescorrespondingto eachtermin the linearmodel.Theorder
of thenumberson theline is thesameastheorderof thetermsin themodel.

4.6 ANOVA Table

TheANOVA tableis in a relatively standardformat. The � valueis markedwith oneasteriskif it
is significantat thelevel of ����� �	� andtwo asterisksif significantat �
��� �
� . Theerrortermused
to computeeach� is shown at thefar right sideof thetable.
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