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Two-Way Independent Samples ANOVA with JMP 

 

 Obtain the file ANOVA2.jmp from my JMP data page.  The data are those that appear in Table 
17-3 of Howell’s Fundamental statistics for the behavioral sciences (7th ed.) and in Table 13.2 of 
Howell’s Statistical methods for psychology (7th ed.).  Dr. Howell created these data so that the 
groups (cells) would have the same means and standard deviations obtained by Eysenck.  You 
should read the original research article:  Eysenck. M. W.  (1974).  Age differences in incidental 
learning.  Developmental Psychology, 10, 936 – 941.  The independent/grouping/classification 
variables are age of participant (young or old) and depth of cognitive processing (manipulated by the 
instructions given to participants prior to presentation of a list of words).  The 
dependent/outcome/comparison variable is number of words correctly recalled later. 

 First we need to get some basic descriptive statistics.  From the data window, select Tables, 
Tabulate.  In the dialog window, select Items and then drag Items to the “Drop zone for columns” and 
drop it there.  When prompted, select “Add analysis columns.” 

 

 

 

 Next, select N, Mean, and Std Dev in the pane of statistics.  They will be highlighted in blue. 

 

 Drag this block of selected statistics on top of “Sum” and drop them there. 
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 Now you see the total sample size, mean, and standard deviation, but we want to see those 
statistics for each cell in the design.  Highlight Age and Condition and drag them to the cell just to the 
left of “100” and drop them there. 

 

 

 When prompted, select “Add Grouping Columns.” 

 Items 

Age Condition N Mean Std Dev 

Old Counting 10 7 1.8257418584 

  Rhyming 10 6.9 2.1317702607 

  Adjective 10 11 2.4944382578 

  Imagery 10 13.4 4.501851471 

  Intentional 10 12 3.7416573868 

Young Counting 10 6.5 1.4337208778 

  Rhyming 10 7.6 1.9550504398 

  Adjective 10 14.8 3.4896672875 

  Imagery 10 17.6 2.5905812304 

  Intentional 10 19.3 2.6687491868 

 

 Hot damn, now you have a table of cell sample sizes, means, and standard deviations.  JMP 
has provided the standard deviations with a bit more precision than we need.   

 Look at the within-cell standard deviations.  In the text book, Howell says "it is important to 
note that the data themselves are approximately normally distributed with acceptably equal 
variances."  I beg to differ.  Fmax  is 4.52 / 1.42 > 10 -- but I am going to ignore that here. 

 You may also need the marginal means and standard deviations.  To get them, just use 
Tabulate to get the statistics for Age alone (drag only Age into the cell left of “100”) and then for 
Condition alone (drag only Condition). 



3 
 

 

 

 

 

 Now we are ready to conduct the factorial ANOVA.  Click Analyze, Fit Model.  Put Items in the 
Y box.  Select both Age and Condition and then click on MACRO.  From the drop down list that 
appears, select Full Factorial.  Activate the drop-down menu for Emphasis and select “Minimal 
Report.” 
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 Click Run. 

 Here is the output with my annotations: 

Response Items 
Summary of Fit 
    

RSquare 0.729252 
RSquare Adj 0.702177 
Root Mean Square Error 2.832941 
Mean of Response 11.61 
Observations (or Sum Wgts) 100 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 9 1945.4900 216.166 26.9347 
Error 90 722.3000 8.026 Prob > F 

C. Total 99 2667.7900  <.0001* 
 

 The R2 and the ANOVA above are for evaluating the combined effect of Age and Condition.  
These analyses are generally of little interest. 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

Intercept  11.61 0.283294 40.98 <.0001* 
Age[Old]  -1.55 0.283294 -5.47 <.0001* 
Condition[Counting]  -4.86 0.566588 -8.58 <.0001* 
Condition[Rhyming]  -4.36 0.566588 -7.70 <.0001* 
Condition[Adjective]  1.29 0.566588 2.28 0.0252* 
Condition[Imagery]  3.89 0.566588 6.87 <.0001* 
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Term   Estimate Std Error t Ratio Prob>|t| 

Age[Old]*Condition[Counting]  1.8 0.566588 3.18 0.0020* 
Age[Old]*Condition[Rhyming]  1.2 0.566588 2.12 0.0369* 
Age[Old]*Condition[Adjective]  -0.35 0.566588 -0.62 0.5383 
Age[Old]*Condition[Imagery]  -0.55 0.566588 -0.97 0.3343 
 

 The tests of the parameter estimates are also generally of little interest.  If you take some 
advanced courses in statistics, you will learn that these are tests of the binary dummy variables that 
are used to code the effects of the factors and their interaction. 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

Age 1 1 240.2500 29.9356 <.0001*  
Condition 4 4 1514.9400 47.1911 <.0001*  
Age*Condition 4 4 190.3000 5.9279 0.0003*  
 

 Here we have the ANOVA source table of most interest.  Note that both main effects and the 
interaction are statistically significant.  If you look at the sums of squares you will see that the effect of 
conditions dwarfs the other two effects.  To get an eta-squared for each of the effects, simply divide 
its sum of squares by the total sum of squares. 

 For age, 2 = 240.25/2667.7900 = .090 

 For conditions, 2 = 1514.94/2667.7900 = .568 

 For the interaction, 2 = 190.3/2667.7900 = .071 

 

Effect Details 
Age 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 

Old 10.060000  0.40063838 10.0600 
Young 13.160000  0.40063838 13.1600 
 

Condition 
Least Squares Means Table 
Level Least Sq Mean   Std Error Mean 

Counting 6.750000  0.63346490 6.7500 
Rhyming 7.250000  0.63346490 7.2500 
Adjective 12.900000  0.63346490 12.9000 
Imagery 15.500000  0.63346490 15.5000 
Intentional 15.650000  0.63346490 15.6500 
 

 The least squares means are estimates of what the means would be if the factors (Age and 
Condition) were independent of each other.  For our data, an Age x Condition contingency table 

would have a count of 10 in every cell, leading to a 2 value of 0.000, and showing that Age and 
Condition are absolutely independent of one another.  When this is the case, the least squares 
means will be identical to the observed means.  When the sample sizes are unequal, things get a lot 
more complicated.  Professor Karl is not going to burden you with dealing such “nonorthogonal” 
ANOVA analyses, unless you take graduate statistics with him. 
 For a factor that has more than two groups and a significant effect, one may want to conduct 
pairwise comparisons among the means.  While this is usually not done if the interaction is significant 
(as it is here), in some cases one can make a good argument for doing so, and our current data 
provide such a case.  The main effect of conditions is so large, much larger than the interaction, that, 
IMHO, it makes good sense to investigate it further.  Click on the red arrowhead by “Condition” and 
select “LSD Means Tukey HSD.” 
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LSMeans Differences Tukey HSD 
α=0.050   Q=2.78382 
LSMean[i] By LSMean[j] 

Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Counting Rhyming Adjective Imagery Intentional 

Counting 0 
0 
0 
0 

-0.5 
0.89585 
-2.9939 
1.9939 

-6.15 
0.89585 
-8.6439 
-3.6561 

-8.75 
0.89585 
-11.244 
-6.2561 

-8.9 
0.89585 
-11.394 
-6.4061 

Rhyming 0.5 
0.89585 
-1.9939 
2.9939 

0 
0 
0 
0 

-5.65 
0.89585 
-8.1439 
-3.1561 

-8.25 
0.89585 
-10.744 
-5.7561 

-8.4 
0.89585 
-10.894 
-5.9061 

Adjective 6.15 
0.89585 

3.6561 
8.6439 

5.65 
0.89585 

3.1561 
8.1439 

0 
0 
0 
0 

-2.6 
0.89585 
-5.0939 
-0.1061 

-2.75 
0.89585 
-5.2439 
-0.2561 

Imagery 8.75 
0.89585 

6.2561 
11.2439 

8.25 
0.89585 

5.7561 
10.7439 

2.6 
0.89585 

0.1061 
5.0939 

0 
0 
0 
0 

-0.15 
0.89585 
-2.6439 
2.3439 

Intentional 8.9 
0.89585 

6.4061 
11.3939 

8.4 
0.89585 

5.9061 
10.8939 

2.75 
0.89585 

0.2561 
5.2439 

0.15 
0.89585 
-2.3439 
2.6439 

0 
0 
0 
0 

 

 The table above has more detail than we probably want, but the table below tells us exactly 
what we probably want. 
 
Level       Least Sq Mean 

Intentional A        15.650000 
Imagery A        15.500000 
Adjective   B      12.900000 
Rhyming     C    7.250000 
Counting     C    6.750000 
 
Levels not connected by same letter are significantly different. 
 

Age*Condition 
Least Squares Means Table 
Level Least Sq Mean   Std Error 

Old,Counting 7.000000  0.89585465 
Old,Rhyming 6.900000  0.89585465 
Old,Adjective 11.000000  0.89585465 
Old,Imagery 13.400000  0.89585465 
Old,Intentional 12.000000  0.89585465 
Young,Counting 6.500000  0.89585465 
Young,Rhyming 7.600000  0.89585465 
Young,Adjective 14.800000  0.89585465 
Young,Imagery 17.600000  0.89585465 
Young,Intentional 19.300000  0.89585465 
 

 When the interaction is significant, we shall generally want to test the simple main effects.  
Click the red arrowhead to the left of “Age*Condition.  Select “Test Slices.”  No, regretfully, this is not 
like getting free tastes of the sliced pastrami, gruyere, and salami at the deli.   
 

Slice Age=Old 
 

SS NumDF DenDF F Ratio Prob > F 
351.5 4 90 10.9500 <.0001* 
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 The recall conditions have a significant main effect among the oldsters. 
 

Slice Age=Young 
 

SS NumDF DenDF F Ratio Prob > F 

1354 4 90 42.1690 <.0001* 
 

 And among the youngsters as well.  One should generally follow a significant main effect with 
pairwise comparisons if more than two groups are involved.  The way to that with JMP would be to do 
two one-way ANOVAs, one on the oldsters, the other on the youngsters, obtaining pairwise 
comparisons for recall conditions on each.  I have elected not to do that but rather to pay attention to 
the simple main effects of age.  One typically reports only one set of simple main effects – here that 
would be the simple main effects of condition or the simple main effects of age. 
 

Slice Condition=Counting 
 

SS NumDF DenDF F Ratio Prob > F 

1.25 1 90 0.1558 0.6940 
 

 In the counting condition, the youngsters did not differ significantly from the oldsters. 
 

Slice Condition=Rhyming 
 

SS NumDF DenDF F Ratio Prob > F 

2.45 1 90 0.3053 0.5820 
 

 In the rhyming condition, the youngsters did not differ significantly from the oldsters. 
 
 

Slice Condition=Adjective 
 

SS NumDF DenDF F Ratio Prob > F 

72.2 1 90 8.9963 0.0035* 
 

 In the adjective condition, the youngsters had significantly better recall than did the oldsters. 
 

Slice Condition=Imagery 
 

SS NumDF DenDF F Ratio Prob > F 

88.2 1 90 10.9899 0.0013* 
 

 In the imagery condition, the youngsters had significantly better recall than did the oldsters. 
 

Slice Condition=Intentional 
 

SS NumDF DenDF F Ratio Prob > F 

266.5 1 90 33.2002 <.0001* 
 

 In the intentional learning condition, the youngsters had significantly better recall than did the 
oldsters. 
 

 If you wish to report values of 2 for the simple effects (which is good practice), you can use in 

the numerators of 2 the sums of squares reported above, but you would then need to conduct one-
way ANOVAs (as explained below) to get the sums of squares used in the denominators.  Although I 
shall report such statistics in my example below, I do not expect you to do so for this class. 
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 For simple effects that involve only two groups, you can calculate Cohen’s d, as shown below 
for the main effect of age. 

 There is an alternative method of conducting the tests of the simple main effects.  One could 
conduct a one-way ANOVA testing the effects of condition using only the data from the youngsters 
and then do the same using only the data from the oldsters.  This would result in one having different 
error terms for the two age groups, but that would be appropriate were there evidence of 
heterogeneity of variance between the age groups. 

 Likewise, one could conduct five one-way ANOVAs (or t-tests), each testing the effect of age 
at one of the five levels of recall condition. 

Figure 1 

 

 

 Look at the plot above.  I created this plot in Microsoft Office.  JMP will give you an interaction 
plot, if you request it, but it is pretty lame.  The plot makes it pretty clear that there is an interaction 
here.  The difference between the oldsters and the youngsters is quite small when the experimental 
condition is one with little depth of cognitive processing (counting or rhyming), but much greater with 
higher levels of depth of cognitive processing.  With the youngsters, recall performance increases 
with each increase in depth of processing.  With the oldsters, there is an interesting dip in 
performance in the intentional condition.  Perhaps that is a matter of motivation, with oldsters just 
refusing to follow instructions that ask them to memorize a silly list of words. 

 The interpretation of the effect of age is straightforward -- the youngsters recalled significantly 
more items than did the oldsters, 3.1 items on average.  Since there are only two levels of age, we 
can use Cohen’s d as the estimate of effect size.  The pooled within-age standard deviation is 
computed by taking the square root of the mean of the two groups’ variances -- 
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977.4
2

787.5007.4 22




pooleds .  The standardized difference, d, is then 3.1/4.977 = .62.  Using 

Cohen's guidelines, that is a medium to large sized effect.  Since we have equal sample sizes, you 
could use my Excel calculator to calculate d.  In terms of percentage of variance explained, 

.09.
79.2667

25.240

_

2 
TotalCorrected

age

SS

SS
  

 The interpretation of the recall condition means is also pretty simple.  With greater dept of 
processing, recall is better, but the difference between the intentional condition and the imagery 
condition is too small to be significant, as is the difference between the rhyming condition and the 
counting condition.  The pooled standard deviation within the intentional recall and the counting 

conditions is 65.3
2

618.1902.4 22




pooleds .  Standardized effect size, d, is then 

44.2
65.3

75.665.15



, an enormous effect.  In terms of percentage of variance explained by recall 

condition, .57.
79.2667

94.15142   

 If you ever need to report confidence intervals for 2, I can provide you with SAS or SPSS 
code to obtain them. 

Writing up the Results – Here is an Example 

 A 2 x 5 factorial ANOVA was employed to determine the effects of age group and recall 
condition on participants’ recall of the items.  A .05 criterion of statistical significance was employed 
for all tests.  The main effects of age, F(1, 90) = 29.94, p < .001, η2 = .090, 90% CI [.020, .187], and 
recall condition, F(4, 90) = 47.19, p < .001, η2 = .568, 90% CI [.441, .633) were statistically significant, 
as was their interaction, F(4, 90) = 5.93, p < .001, η2 = .071, 90% CI [.000, .132], MSE = 8.03 for each 
effect.  Overall, younger participants recalled more items (M = 13.16) than did older participants (M = 
10.06), d = .622, 95% CI [.219, 1.022].  The Tukey HSD procedure was employed to conduct pairwise 
comparisons on the marginal means for recall condition, holding familywise error rate at a maximum 
of .05.  As shown in the table below, recall was better for the conditions which involved greater depth 
of processing than for the conditions that involved less cognitive processing. 
 

Table 1.  The Main Effect of Recall Condition 

 Recall Condition 

 Counting Rhyming Adjective Imagery Intentional 

Mean 6.75 A 7.25A 12.90B 15.50C 15.65C 

Note.  Means sharing a letter in their superscript are not significantly 
different from one another according to Tukey HSD tests. 

 

 The interaction is displayed in Figure 1.  Recall condition had a significant simple main effect in 

both the younger participants, F(4, 90) = 42.17, p < .001, 2 = .825, 90% CI [.722, .859], and the older 

participants, F(4, 90) = 10.95, MSE = 9.68, p < .001, 2 = .447, 90% CI [.216, .545], but the effect was 

http://core.ecu.edu/psyc/wuenschk/StatHelp/Cohen-D_EqN.xlsx
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clearly stronger in the younger participants than in the older participants.  The younger participants 
recalled significantly more items than did the older participants in the adjective condition, F(1, 90) = 
9.00, p = .004, d = 1.252, 95% CI [.272, 2.204], the imagery condition, F(1, 90) = 10.99, p = .001, d = 
1.145, 95% CI [.180, 2.083], and the intentional condition, F(1, 90) = 32.20, p < .001, d = 2.245, 95% 
CI [1.087, 3.366), but the effect of age fell well short of significance in the counting condition, F(1, 90) 
= 0.16, p = .69, d = .303, 95% CI [-.583, 1.181] and in the rhyming condition, F(1, 90) = 0.31, p = .58, 
d = .343, 95% CI [-.545, 1.222]. 
 

 Return to Wuensch’s JMP Lessons Page 

 Fair Use of This Document  
 

 Copyright 2014, Karl L. Wuensch - All rights reserved. 
 

http://core.ecu.edu/psyc/wuenschk/SAS/JMP/JMP-Lessons.htm
http://core.ecu.edu/psyc/wuenschk/Fair-Use.htm

