
Psych 610 Handout  R4                      Colleen Moore & Mike Amato 
Two-way Between-Group ANOVA                    University of Wisconsin - Madison 
Equal or Balanced N only!!! 
 

This tutorial uses example data in Keppel & Wickens, 4th ed, from table 11.8. The dependent variable is number 
of errors made by monkeys in a search task. The independent variables are type of drug (drug: 1=control, 
2=drug_x, 3=drug_y) and degree of food deprivation (food: 1=1 hour of deprivation, 2=24 hours of food 
deprivation).  
 
Note that the aov methods here work O N L Y for balanced designs (equal cell n's will give you a balanced 
design).  
 
1. G et the data into R 
Save the data on your computer, and set  Use either of the 
following two commands to load the data into R.!

!"#$%&'"()'*+&,-./+&0'1&()2)-345&'"&%$67  #specify the file to load 
!"#$%&'"()'*+&,./+&(8599:&,735&'"&%$67   #open a window and browse to the file!

 
Check to make sure it read in correctly by typing the name of the data frame you just created.  

!4"#4

!"#$%"&'()*+,(-&"./"0&*"..&1&*+'*&$2%&34/&'%"&5'*"-$%,5&#'5*$%/0&($*&5$(*,(2$2/&6'%,'7."/8&
!4"#;"%<=4$4':(.'8)9%,"#;"%<=74
!4"#;.99"4$4':(.'8)9%,"#;.99"74

9':"&)$2%&.,#"&"'/,"%&7)&-,6,(-&*+"&."6"./&$#&"'5+&#'5*$%&,(#$%;'*,6"&(';"/8&
!4+&>&+:,"#;"%<=74$48,-890)%9+-34-"%<=?-34-"%<=@-74
!4+&>&+:,"#;.99"74$48,-#A59<%-34-BCA5%:-74

<$=&."*>/&.$$:&'*&/$;"&?"/5%,@*,6"/8&A">..&2/"&*+"&#';,.,'%&!"##$%&'(&#2(5*,$(&*$&-"*&*+"&;"'(/&'(?&/*'(?'%?&
?"6,'*,$(/8&!2*&/,(5"&="&+'6"&*=$&#'5*$%/&($=0&=">..&+'6"&*$&2/"&*+"&$)*!&'(&#2(5*,$(&*$&5$;7,("&*+";&'(?&*"..&1&
*+'*&="&='(*&*+"&;"'(&'(?&/*'(?'%?&?"6,'*,$(&#$%&"'5+&5"..&,(&*+"&?"/,-(8&A">..&'./$&2/"&*+"&$+,-!.&'(&#2(5*,$(&*$&
-,6"&2/&*+"&(2;7"%&$#&$7/"%6'*,$(/&,(&"'5+&5"..0&*$&;':"&/2%"&$2%&?"/,-(&,/&7'.'(5"?8&

!4)'DD+E,"#;&%%9%:34+/:),"#;"%<=34"#;.99"7341&'074
44444444#A59<%4BCA5%:4
890)%9+444444F44444##4
"%<=?4444444#G44444#B4
"%<=@4444444#C44444#G4

!4)'DD+E,"#;&%%9%:34+/:),"#;"%<=34"#;.99"734:"74
4444444444#A59<%444BCA5%:4
890)%9+4F(#HBBIJ4F(K#LIJG4
"%<=?444C(IHGKLB4L(CIIBBH4
"%<=@444F(K#LIJG4C(GJBCJF4

!4)'DD+E,"#;&%%9%:34+/:),"#;"%<=34"#;.99"734+&0=)574
44444444#A59<%4BCA5%:4
890)%9+444444C444444C4
"%<=?44444444C444444C4
"%<=@44444444C444444C4

!
!
!
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2. Do the A N O V A and Make Some G raphs 

Run the ANOVA using the aov( ) #2(5*,$(0&K2/*&.,:"&=,*+&CE=')&?"/,-(/8&L+"&$(.)&?,##"%"(5"&,/&*+'*&($=&="&
='(*&*$&,(5.2?"&7$*+&#'5*$%/&'(?&*+",%&,(*"%'5*,$(&,(&$2%&;$?".8&L+"%"&'%"&*=$&"M2,6'."(*&=')/&*$&?$&*+,/8&L+"&
#,%/*&=')&"N@.,5,*.)&/@"5,#,"/&"'5+&*"%;O&*+"&/"5$(?&=')&,/&'&/+$%*52*8&L':"&)$2%&@,5:8&

4

!4910/4$4'9>,4&%%9%:4M4"%<=4N4.99"4N4"%<=O.99"34"')'$"#74 # option 1!
!4910/4$4'9>,4&%%9%:4M4"%<=P.99"34"')'$"#74 4 4 # option 24
!4:<11'%E,910/74
444444444444Q.4R<14RS4T&'04RS4U4>'+<&44V%,!U7444
,W0)&%8&D)744#444BCGG4BCGG(GG4#FG(KGK#4#(GJF&AGK4PPP4
"%<=444444444B4444##B44LH(GGG44F(GLCL4G(GIBGJ4(4
.99"444444444#44444BC44BC(GGG44#(FGK#4G(BHILL444
"%<=O.99"4444B4444#CC44IB(GGG44F(KBIF4G(GFJCF4P4
X&:/"<'+:444#J4444FFG44#J(FFF444444444444444444!

A"&5'(&/""&*+"&;'%-,('.&;"'(/0&/*'(?'%?&"%%$%/0&'(?&(2;7"%&$#&$7/"%6'*,$(/&,(&"'5+&5"..&=,*+&*+"&#$..$=,(-G 
!419"&+()'*+&:,910/34-1&'0:-34:&$674
6'*+&:49.41&'0:4
Y%'0"41&'04
4444

#G4  this is the grand mean4
4
4"%<=44
"%<=4
890)%9+444"%<=?444"%<=@44
444444I444444##444444#B44  these are the marginal means for factor "drug"4
4
4.99"44
.99"4
#A59<%4BCA5%:44
44444K44444##44  these are the marginal means for factor "food"4
4
4"%<=O.99"44
444444444.99"4
"%<=444444#A59<%4BCA5%:4
44890)%9+44F44444##4444  cell means4
44"%<=?444#G44444#B4444  cell means4
44"%<=@444#C44444#G4444  cell means4
4
R)'0"'%"4&%%9%:4.9%4"/..&%&08&:49.41&'0:4  SE for differences, N O T  for means4
444444444"%<=44.99"4"%<=O.99"4
44444444B(#C#4#(ICJ44444F(GBJ444  calculated as sqrt( MSS/AB * 2/n )4
%&D+/8(44444J4444#B444444444C444  marginal n 4
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G raph the Main E ffects  
!4D+9)("&:/=0,"#;&%%9%:M"#;"%<=P"#;.99"341'/0$-T'/04Z..&8):4V+9)")!! 

!

With this handy plot we see : 
 the grand mean  
 the cell means  
 a graphical representation 
of their spread  

Which is useful. But it would 
also be nice to see the 
interactions and some error 
bars. 
!

G raph the Interaction  

ll need to install it. Go to 

Once the package is installed, load it for use during your current session with the following command:  
!4+/*%'%E4,:8/D+9)74

Then draw an interaction plot complete with automatically calculated error bars at +/- 1 SE: 
!4+/0&D+9)([W,2(.'8)9%$"#;"%<=34%&:D90:&$"#;&%%9%:34=%9<D$"#;.99"34

)%'8&(+'*&+$-.99"4"&D%/>')/90-342+'*$-)ED&49.4"%<=-34E+'*$-1&'040<1*&%4
9.4&%%9%:-341'/0$-\&DD&+46'*+&4##(J-74

!

There are a bunch of optional 
parameters you can set, such as 
adjusting the y limits, or moving 
around the legend. We used the 
default values, but you can easily 
change them. See:  
!45&+D,+/0&D+9)([W74
!
Remember that you can only use this 

with the library command. 
!

L+,/&:,(?&$#&@.$*&,/&2/"#2.&#$%&'(&,(,*,'.&,(/@"5*,$(&$#&*+"&?'*'8&L+"&.,("/&;':"&,*&"'/)&*$&/""&*+"&,(*"%'5*,$(0&'(?&,*&
2/"/&,(?,6,?2'.&/*'(?'%?&"%%$%/&/$&="&5'(&")"7'..&+$;$-"(",*)&$#&6'%,'(5"8&!2*&)$2&@%$7'7.)&=$2.?(>*&='(*&*$&
2/"&,*&,(&'&@27.,5'*,$(8&
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Make a Snazzy Bar G raph  
 

Create a matrix of the group means. 
!4114$4)'DD+E,"#;&%%9%:34+/:),"#;"%<=34"#;.99"7341&'074

Then draw a graph with the minimum amount of information on it.  
!4=%'D5#4$4*'%D+9),1134*&:/"&$634+&=&0"$674

That graph gets the job done, but it's pretty bare bones. One of R's biggest strengths 
is the amount of control it allows over graphs. Users can customize nearly all aspects 
of the graph by setting optional parameters of the barplot( ) function. The same 
parameters are also used for other types of graphs.  
 

!4=%'D5B4$4*'%D+9),1134*&:/"&$634E+/1$8,G3#H734:D'8&$8,(#3(J734
1'/0$-R&'%8546':]4Z%%9%:-342+'*$-59<%:49.4.99"4"&D%/>')/90-34
E+'*$-1&'040<1*&%49.4&%%9%:-34+&=&0"4$634'2/:(+)E$#34
89+$8,-"'%]:&'=%&&0C-3-"&&D:]E*+<&C-774

 
Calculate the pooled standard error of the means. 

!4D99+&"(:&4$4:S%),#J(FF^C74

Define the superpose( ) function. Note that we only need to define it once, and then can use it to make as many 
graphs as we want. 

!4:<D&%D9:&(&*4$4.<08)/904,234E34&*+34&*<4$4&*+34+&0=)54$4G(GJ34(((74
'%%9_:,234E4N4&*<34234E4A4&*+34'0=+&4$4KG3489"&4$4F344
+&0=)54$4+&0=)534(((7 

Draw error bars on the graph. 
!4:<D&%D9:&(&*,2$=%'D5B34E$1134&*+$D99+&"(:&3489+$-*+'8]-34+_"$B74

 
 
 
 
 
 
 
 
 

7"/,?"&Q&L& -%$2@/&*+"&7'%/&("N*&*$&"'5+&$*+"%&
).,;&Q&5RD0CBS& /@"5,#,"/&*+"&)E'N,/&;,(&'(?&;'N&
/@'5"&Q&5R8C08TS& /@'5"&7"*=""(&7'%/O&'/&@%$@$%*,$(&$#&7'%&=,?*+&

&&&&/*!'0')*'*#"1+'2+!3++,'2"4*'56'*"7+'-458#''
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'N,/8.*)QC& ?%'=/&'&.,("&#$%&*+"&NE'N,/&&

&&&&&$),+'!%#+'
'''''$53+41"*+' :5!'
''''' &

5$.Q& 5$.$%/&#$%&*+"&7'%/&

N&Q&& N&5$$%?,('*"/&#$%&*+"&"%%$%&7'%/0&$%&/,;@.)&*+"&
(';"&$#&*+"&-%'@+&

)&Q& )&5$$%?,('*"/&#$%&*+"&!"#$"%&$#&*+"&"%%$%&7'%/0&
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&
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3. Simple main effects. Test the simple main effect of drug, at both levels of food deprivation.  

1. Separate the data into subsets, based on "food"  
2. Run an ANOVA testing the effect of "drug" in each subset 
3. Manually recalculate F and p for "drug" in each ANOVA, using MSS/AB from the omnibus ANOVA. 

Make subsets of the data for each level of " food " . 
!4"&D%/>&"(#59<%4$4:<*:&),"#34.99"$$-#A59<%-74
!4"&D%/>&"(BC59<%:4$4:<*:&),"#34.99"$$-BCA5%:-74

V+"5:&*+'*&*+"&(2;7"%&$#&$7/"%6'*,$(/&,(&"'5+&/27/"*&,/&+'.#&$#&*+"&*$*'.&$7/"%6'*,$(/8&&
!40%9_,"&D%/>&"(#59<%74 # nrow( ) returns the number of rows in a dataframe4
`#a4#B4
!40%9_,"&D%/>&"(BC59<%:74
`#a4#B4
!40%9_,"#74
`#a4BC4

Conduct separate A N O V As for the simple main effect of drug in each subset. 
!4"%<=(')(#59<%4$4'9>,&%%9%:M"%<=34"')'$"&D%/>&"(#59<%74
!4:<11'%E,"%<=(')(#59<%34/0)&%8&D)$674
444444444444Q.4R<14RS4T&'04RS4U4>'+<&4444V%,!U744444
,W0)&%8&D)744#4444KIB44444KIB444HG(IL4B(IBC&AGL4PPP4
"%<=444444444B4444BCJ44444#BC4444I(IL444G(G##GC4P444
X&:/"<'+:4444K4444#CC444444#H44444444444444444444444

!4"%<=(')(BC59<%:4$4'9>,&%%9%:M"%<=34"')'$"&D%/>&"(BC59<%:74
!4:<11'%E,"%<=(')(BC59<%:34/0)&%8&D)$674
444444444444Q.4R<14RS4T&'04RS4U4>'+<&4444V%,!U744444
,W0)&%8&D)744#444#CLB4#CLB(GG4IG(BLJ#4#(LBB&AGL4PPP4
"%<=444444444B444444J4444C(GG44G(#KFL4444G(JBIC44444
X&:/"<'+:4444K4444#JH444BG(HI44444444444444444444444

Stop and think! Look at the MSresidual in these simple main effect ANOVAs. They differ slightly. Also, compare 
dfresidual to the original omnibus ANOVA on page 2.  
 

The dfresidual are lower in the simple main effect ANOVAs. Since we are comfortable that homogeneity of 
variance is a reasonable assumption for our data (based on the plot of predicted values against residuals in the 
next section), it is probably safe to use the pooled error for these tests. We can do some calculations to use the 
pooled error from the overall omnibus ANOVA, and its larger number of df. Sometimes the increased power 
from having more df in the denominator of F changes the results dramatically.  
 
Use pooled er ror to calculate F  and p for the simple main effect of drug at 1 hour of food deprivation. 

!4U"%<=(#5%4$4#BC^#J(FFF444# MSdrug from  "drug.at.1hour", divided by MSresidual from "omni"&
!4U"%<=(#5%4
!4D.,U"%<=(#5%34B34#J34+9_&%()'/+$U7# ask R to calculate a p-value for the new F!4
`#a4G(GGHCCLF#K4
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Repeat the calculations for the simple main effect of drug at 24 hours of food deprivation.  
!4U"%<=(BC5%4$4C^#J(FFF4
!4D.,U"%<=(BC5%34B34#J34+9_&%()'/+$U74
`#a4G(JGHGI#F4

Notice that the p-values of the tests with pooled error is slightly smaller than for the tests using partitioned error, 
even though MSerror from the pooled analysis is slightly higher than the partitioned error for drug at 24 hours.  
The p-value is slightly lower because the df is so much larger. More df gives more statistical power.  
 
The sum of SSdrug in the two partitions should equal SSdrug + SSdrugXfood in the original ANOVA. If it does, we 
know we've done things correctly. 

!4BCJ4N4J4$$4##B4N4#CC4
`#a46XbZ4

 

&

4. Check some assumptions 

Make the normal Q Q plot to check that our data is normally distributed. Susan Archambault from Wellesley 
College has this to say about the normal QQ plot:  

!"#$%&'#()*$+,-*%%.#-&/$*)01#'+0#2,1'),34',&5#&6#*#(,705#7*),*3%0#'&#'+0#5&)/*%#
2,1'),34',&5#8)0$)0105'02#3.#*#1')*,(+'#%,509:#;+0#1')*,(+'#%,50#)0$)0105'1#<+*'#&4)#2*'*#<&4%2#%&&=#
%,=0#,6#,'#<0)0#$0)60-'%.#5&)/*%%.#2,1'),34'02:#>4)#*-'4*%#2*'*#,1#)0$)0105'02#3.#'+0#?-,)-%01@#$%&''02#

#
!4SS09%1,"#;&%%9%:74  
!4SS+/0&,"#;&%%9%:74

&

We want the data to be on the line. 
Looks off in the tails, but not by much. 
Nothing to get worked up about. 

Plot predicted values and residuals. 
Compute the predicted and residual values from the omnibus ANOVA, and save them as new columns in 
dateframe "d1". Note that "omni" is just the name we decided to give the ANOVA when we computed it on 
page 2. We could have called it anything. 

!4"#;D%&"4$4D%&"/8),910/74
!4"#;%&:4$4%&:/"<'+:,910/7 
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. Marvel at how 
neatly it all matches up. 

!485&8]<D4$4%*/0","#;&%%9%:34"#;D%&"34"#;%&:744
!485&8]<D4

4`3#a4`3Ba4`3Fa4`3Ca4`3La4`3Ha4`3Ia4`3Ja4`3Ka4`3#Ga4`3##a4`3#Ba4`3#Fa4`3#Ca4`3#La4`3#Ha4`3#Ia4`3#Ja4`3#Ka4`3BGa4`3B#a4`3BBa4`3BFa4`3BCa4
4444#4444C4444G4444I444#F4444L4444I444#L4444K4444#H4444#J4444#F4444#L44444H4444#G4444#F44444H4444#J44444K4444#L4444#C44444I44444H4444#F4
4444F4444F4444F4444F444#G444#G444#G444#G444#C4444#C4444#C4444#C4444##4444##4444##4444##4444#B4444#B4444#B4444#B4444#G4444#G4444#G4444#G4
444AB4444#444AF4444C4444F444AL444AF4444L444AL44444B44444C4444A#44444C4444AL4444A#44444B4444AH44444H4444AF44444F44444C4444AF4444AC44444F4
 

 
Now plot the residuals as a function of their predicted cell mean
so we can see if there are more than one on top of each other.   

!4D+9),c/))&%,"#;D%&"734"#;%&:342+'*$-V%&"/8)&"4d'+<&4,6%&')1&0)4T&'07-3444
44E+'*$-X&:/"<'+-341'/0$-V%&"/8)&"4>:(4X&:/"<'+:34\&DD&+46'*+&4##(J-7   

&

Put a dotted line at zero so we can judge the spread of the residuals more easily. 
    !4'*+/0&,'$G3*$G34+)E$B744# 4
     

 
 
 
Plotting "pred" against "res" separates the groups along the x-axis in this example, since the only thing the 
model is using to predict the value is the cell mean. In this example, two of the groups have similar treatment 
means (at 10), so they are overlapping. 
 
 
Looks like the treatment group with the lowest mean has the smallest variance, but the differences are not too 
dramatic.  
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It's also useful to group the residuals by a single factor, rather than the group mean like we did above. We can 
look at residuals for each group of factor "drug" just like we did on the earlier handout. This time though we'll 
jitter the x-values for each point, so they don't end up on top of each other. Note that we are treating "drug" as if 
it were a continuous variable, rather than a categoric factor, so we can get this scatterplot. 

!4D+9),4c/))&%,':(0<1&%/8,"#;"%<=7734"#;%&:342+'*$-6ED&49.4Q%<=4-34
E+'*$-X&:/"<'+:-341'/0$-X&:/"<'+:4*E4Q%<=46ED&-744

!4'*+/0&,'$G3*$G3+)E$B74

 
What happens if we don't treat "drug" as a continuous factor? We get a graph like the following, which is 
actually quite useful. 

!4D+9),4"#;"%<=34"#;%&:342+'*$-6ED&49.4Q%<=4-34E+'*$-X&:/"<'+:-344
1'/0$-X&:/"<'+:4*E4Q%<=46ED&-744

!4'*+/0&,'$G3*$G3+)E$B74

 


