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1 Introduction

This programwas designedfor usein teachingthe statisticalprocedureknown as Analysis of
Variance (ANOVA). In brief, it generatesppropriatedatasetsfor useas examplesor practice
problems,andit computesthe correctANOVA for eachdataset. It handlesbetween-subjects,
within-subjects,and mixed designs,and cango up to six factors,with somerestrictionson the
numberf levels,subjectsandmodelterms.

Theprogramcanberunin eitherof two modes:onedesignedor useby studentsthe other by
teachers.

Thestudentmodeis simpler: Thestudensimply specifiegsheexperimentabesignandAnoGen
generatesnappropriateandomdataset. The studentcanthenview the datasetandanswersand
save themto afile. Thus,studentscanfairly simply getasmuchcomputationapracticeasthey
want.

Theteachemodeis morecomplicated Theteachenotonly specifiesheexperimentadesign,
but alsocontrolsthethe cell meansanderrorvarianceto obtainwhatever F' valuesaredesiredfor
theexample.Considerabléamiliarity with ANOVA is neededo usethis mode.

2 Step-by-Step Instructions: Student Mode

1. Startthe programasis appropriateon your computersystem(e.g.,by typing AnoGenat a
DOS prompt).

2. OnceAnoGenis running,type S to enterthe studentmode.

3. Specifythedesign:

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

(b) Similarly, typeB to setthe numberof between-subjectsctors,

(c) Similarly, type S to setthe numberof subjectsper group. A “group” is definedby
one combinationof levels of the between-subjecti&actors. For example,if you have
between-subjectiactorsof Male/Femaleand Young/Old,thentherearefour groups
corresondingo thefour combinations.

Notethatyou cansetthesenumbersn ary order andyou canchangesachoneasoftenas
youlike. After you have the settingsyou want,typectrl-Q to move onto the next step.

4. Now specifythe numberof levels of eachfactor. Typethelettercorrespondingo thefactor
you wantto changeg(A, B, ...), andthenenterthe numberof levelsyou want. Again, after
you have the settingsasyou wantthem,type ctrl-Q to move on to the next step.

5. TypePtodisplaytheproblem(i.e.,thedataset).Ideally, youwould now dothecomputations
by hand,for practice.(Theinformationgivenin the problemdisplayis intendedto be self-
explanatory but someexplanationis givenin Section3.)
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Table1: An exampleof a problemdisplay This designhastwo between-subject&ctors(A and
B) with two levelseach andthreesubjectgpergroup.

GroupAl1B1:
Subl: 95
Sub2: 78
Sub3: 97
GroupA2B1:
Subl: -19
Sub2: -37
Sub3: -10
GroupAlB2:
Subl: 55
Sub2: 64
Sub3: 73
GroupA2B2:
Subl: 58
Sub2: 63
Sub3: 71

6. TypeSto displaythesolution(i.e.,cell meansANOVA table,etc). Thisis whereyou check
your solutionandmakesureyou’ve doneit correctly Thesolutioncontainghevariousparts
that| usein teachingANOVA usingthe generallinear model. (More explanationof the
informationgivenin the solutiondisplayis givenin Section4.)

7. If youwant,typeF to save the problemandsolutionto afile. (The mainreasorto for doing
this is to geta printed versionof the problemandsolution.) Enterthe nameof the file to
whichyouwanttheinformationsaved.

8. Typectrl-Q to quit whenyou aredonewith this problem.AnoGenwill thenaskif youwant
to startover again: TypeY if youwantto doanothermproblem,or N to quit.

3 Explanation of Problem Display

Table 1 shavs an exampleof a problemdisplay Thereis oneline per subject,andthe different
groupscorrespondo the differentlevels of the between-subjectictor(s). For this example,the
problemdisplayfits on a singlescreenwith largerdesigngi.e., moregroupsor moresubjectger
group),the problemdisplaymaybe split acrossseveralscreens.

Table 2 shovs an example of a problemdisplay for a more complex experimentaldesign.
Notethatthedifferentconditionstestedwithin-subjectsarelistedacrosgheline, andthe different
subjectsandgroupsorganizedasin the between-subjecidesign.



Table2: An exampleof a problemdisplay This designhasa within-subjectdactor (A) with two
levels,two between-subjectactors(B andC) with two levelseach,andthreesubjectgergroup.

GroupB1C1:

Al A2
Subl: 77 53
Sub2: 84 56
Sub3: 103 41

GroupB2C1.:

Al A2
Subl: 77 65
Sub2: 54 64
Sub3: 73 69

GroupB1C2:

Al A2
Subl: 103 75
Sub2: 100 78
Sub3: 97 57

GroupB2C2:

Al A2
Subl: 72 10
Sub2: 74 18
Sub3: 58 2

4 Explanation of Solution Display

Thesolutiondisplayhasseveralcomponentsasdescribedelon. Someof thesecomponentsnay
be omittedif they do notfit well with theway your instructorteacheshe material.

4.1 Design

This shaws a list of factorswith the numberof levels perfactor Also shawvn is the numberof
subjectpergroup.

4.2 Cdl Means

Thecell meansaregivenin atableof this form (thesearethe meandor the problemin Table2):



Cell: Mean

u 65
Al 81
A2 49
B1 77
B2 53
Al Bl 94
Al B2 68
A2 B1 60
A2 B2 38
C1 68
C2 62
Al C1 78

Thefirst line (u) shows the overall meanacrossall conditions. The next two lines (A1 and A2)
shav themeansof all scoresatlevels1 and?2 of factorA, respectrely. Thenext two lines(B1 and
B2) shav themeanof all scoresatlevels1 and2 of factorB, respectrely. Thenext line (A1 B1)
shavs the meanof all scoresat level 1 of factor A andlevel 1 of factor B, andthenthe next three
linesshav meandor the othercombinationf levelson thesetwo factors.And soon.

43 Mode€

The modelsectionshows the form of the generallinear modelappropriatefor this design. The
main effect andinteractiontermsare denotedby capitalletters(A, B, AB, etc), S is for subjects,
andthe subscriptaredenotedoy lower-casdetters(i, j, k, etc).

4.4 Estimation Equations

Theestimatiorequationsectionshavstheequatiorusedo estimatesachtermin thelinearmodel.
The periodsubscriptis usedto denoteaveragingacrosdevels of the factor correspondindo that
subscript.

4.5 Decomposition Matrix

Thedecompositiormatrix shavs the breakdevn of all datavalues(numbersof theleft sidesof the
equalssigns)into the estimatedraluescorrespondingo eachtermin the linearmodel. The order
of thenumberson theline is the sameasthe orderof thetermsin the model.

4.6 ANOVA Table

The ANOVA tableis in arelatively standardormat. The F' valueis markedwith oneasteriskf it
is significantatthelevel of p < .05 andtwo asterisksf significantatp < .01. Theerrortermused
to computeeachf' is shovn atthefar right sideof thetable.
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