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One-Way Independent Samples ANOVA with JMP 

 

 Download the data file ANOVA1.jmp from my JMP data page.  These are contrived data (I 
created them with a normal random number generator in the SAS statistical package).  We shall 
imagine that we are evaluating the effectiveness of a new drug (Athenopram HBr) for the treatment of 
persons with depressive and anxiety disorders.  Our independent variable is the daily dose of the 
drug given to such persons, and our dependent variable is a measure of these persons' psychological 
illness after two months of pharmacotherapy.  We have 20 scores in each of five treatment groups. 

 Bring the data file, ANOVA1.jmp, into JMP.  Click on Group and on  Row 1.  This is necessary 
to indicate which group will be used as the control group for the Dunnett’s test to be done later. 
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 Notice that the data in the Group column appear to be the same as those in the dose 
Column.  If you select  Group, Cols, and then Column Info, you will find that I have defined this 
column as having “Nominal” data, aka “Classification,” “Grouping,” “Discrete,” or “Qualitative” data.  If 
you look at the Column Info for the dose variable, you will see that it has been declared to be 
“Continuous,” aka “Quantitative data” or “Scores.”  JMP will treat the data differently depending on 
whether they have been declared Nominal or Continuous. 

 

 From the data window, click Analyze, 
Fit Y by X.  Put Group in the X box and Illness 
in the Y box.  Because Group has been 
declared to be a classification (nominal) 
variable, the analysis that JMP will do is an 
ANOVA, an appropriate analysis to related a 
classification variable to a normally distributed 
continuous variable.  Although we have not 
checked the normality of the distributions, I 
can assure you that they are normal, because 
that is the way I simulated the data. 

 Click OK. 

 

 

 Click the red arrowhead in the upper left.  Select Means/ANOVA, Means and Std Dev, and 
Unequal Variances.  Also click on Compare Means and select both “All Pairs, Tukey HSD” and “With 
Control, Dunnett’s.”  There is a better procedure than the Tukey HSD.  That procedure is called the 
REGWQ, but it is not available in JMP.  It is available in SAS and SPSS.  If there were only three 
groups, I would recommend that you employ Fisher’s procedure.  In that case, you would select 
“Each Pair, Student’s t.”  Here is the output, with my annotations. 

Oneway Analysis of illness By Group 

 
 

 Notice that the confidence intervals for the 10, 20, and 30 group means do not overlap with 
those for the 0 and 40 groups means.  This suggests that the 10, 20, and 30 mg doses were 
significantly better than the 0 and 40 mg doses.  The circles in the two panes to the right illustrate the 
results of the pairwise comparisons made between group means.  Each circle represents one group 
mean.  Circles which do not overlap represent means that are significantly different from one another, 
those that do overlap represent means that do not differ significantly.  Groups 0 and 40 have means 
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that are so similar that their circles are coincident.  The display shows that the means for Groups 0 
and 40 are significantly larger than those for the remaining three groups, but that no other 
comparisons are significant. 
Oneway Anova 
Summary of Fit 
    

Rsquare 0.514741 
Adj Rsquare 0.494309 
Root Mean Square Error 8.377759 
Mean of Response 90.71 
Observations (or Sum Wgts) 100 
 

 The R2 statistic here is more commonly known as 2 (eta-squared).  By hand, it is computed by 
taking the among groups sums of squares (7072.84) and dividing by the total sums of squares 
(137490.59).  This estimates the proportion of the variance in the dependent variable which is 
“explained” by the grouping variable.  I have SAS and SPSS syntax that will construct a confidence 
interval for R2, but not one for JMP.  Furthermore, those I have found online do not work properly.  

Accordingly, I am going to release you from the obligation of reporting a confidence interval for 2 . 

 

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

Group 4 7072.840 1768.21 25.1929 <.0001* 
Error 95 6667.750 70.19   
C. Total 99 13740.590    
 

Means for Oneway Anova 
Level Number Mean Std Error Lower 95% Upper 95% 

0 20 100.800 1.8733 97.081 104.52 
10 20 85.600 1.8733 81.881 89.32 
20 20 80.100 1.8733 76.381 83.82 
30 20 86.550 1.8733 82.831 90.27 
40 20 100.500 1.8733 96.781 104.22 
 
Std Error uses a pooled estimate of error variance 
 

Means and Std Deviations 
Level Number Mean Std Dev Std Err 

Mean 
Lower 95% Upper 95% 

0 20 100.800 8.81745 1.9716 96.673 104.93 
10 20 85.600 8.63530 1.9309 81.559 89.64 
20 20 80.100 7.63579 1.7074 76.526 83.67 
30 20 86.550 8.50062 1.9008 82.572 90.53 
40 20 100.500 8.24940 1.8446 96.639 104.36 
 

 The standard deviations do not differ much from each other, so there is no concern about 
heterogeneity of variance.  If the largest variance was more than 4 or 5 times the smallest variance, 
we would be concerned. 
 

Means Comparisons 
Comparisons for all pairs using Tukey-Kramer HSD 

q* Alpha 

2.78086 0.05 
 
Abs(Dif)-HSD 0 40 30 10 20 

0 -7.367 -7.067 6.883 7.833 13.333 
40 -7.067 -7.367 6.583 7.533 13.033 
30 6.883 6.583 -7.367 -6.417 -0.917 
10 7.833 7.533 -6.417 -7.367 -1.867 
20 13.333 13.033 -0.917 -1.867 -7.367 
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Positive values show pairs of means that are significantly different. 
 
 
Level       Mean 

0 A       100.80000 
40 A       100.50000 
30   B     86.55000 
10   B     85.60000 
20   B     80.10000 
 

 This display indicates that the 0 and 40 mg groups have means that are significantly greater 
than those of the remaining groups, with no other differences being significant. 
 
Levels not connected by same letter are significantly different. 
 
Level  - Level Difference Std Err Dif Lower CL Upper CL p-Value Difference 

0 20 20.70000 2.649280 13.3327 28.06729 <.0001*  
40 20 20.40000 2.649280 13.0327 27.76729 <.0001*  
0 10 15.20000 2.649280 7.8327 22.56729 <.0001*  
40 10 14.90000 2.649280 7.5327 22.26729 <.0001*  
0 30 14.25000 2.649280 6.8827 21.61729 <.0001*  
40 30 13.95000 2.649280 6.5827 21.31729 <.0001*  
30 20 6.45000 2.649280 -0.9173 13.81729 0.1151  
10 20 5.50000 2.649280 -1.8673 12.86729 0.2390  
30 10 0.95000 2.649280 -6.4173 8.31729 0.9964  
0 40 0.30000 2.649280 -7.0673 7.66729 1.0000  
 

 Here we have more detail on each of the comparisons made. 
 The Tukey HSD effectively controls the familywise Type I error rate, but it has less power than 
the superior REGWQ procedure available in SAS and SPPS. 
 

Comparisons with a control using Dunnett's Method 
Control Group = 0 
 

|d| Alpha 

2.48349 0.05 
 
Level Abs(Dif)-LSD p-Value 

0 -6.58 1.0000 
40 -6.28 0.9999 
30 7.671 <.0001* 
10 8.621 <.0001* 
20 14.12 <.0001* 
 
Positive values show pairs of means that are significantly different. 

 

 The pattern of results here is the same as what it was with the Tukey HSD 
 

Tests that the Variances are Equal 
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Level Count Std Dev MeanAbsDif to 

Mean 
MeanAbsDif to 

Median 

0 20 8.817447 6.620000 6.600000 
10 20 8.635301 6.680000 6.600000 
20 20 7.635788 5.390000 5.300000 
30 20 8.500619 6.595000 6.550000 
40 20 8.249402 6.600000 6.600000 
 
Test F Ratio DFNum DFDen Prob > F 

O'Brien[.5] 0.1206 4 95 0.9748 
Brown-Forsythe 0.2368 4 95 0.9169 
Levene 0.2253 4 95 0.9236 
Bartlett 0.1134 4 . 0.9779 
 

 The tests of variance here are shown only for pedagogical purposes.  There is no evidence 
that the variance in post-treatment illness differs across groups. 
 

Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 
 

F Ratio DFNum DFDen Prob > F 

25.0533 4 47.468 <.0001* 

 

 If we were worried about heterogeneity of variance, this is the test we would use. 

Polynomial Regression 

 Our independent variable here is actually a quantitative variable,  When that is the case, we 
might be interested in the shape of the relationship between independent variable and dependent 
variable.  One way to investigate the shape is to conduct a polynomial regression analysis (aka “trend 
analysis”). 

 From the data window, click Analyze, Fit Y 
by X.  Put Illness in the Y box and Dose in the X 
box.  Because we declared Dose to be a 
continuous variable, the analysis will not be an 
ANOVA but rather a regression analysis.  
[Technically, an ANOVA is a regression analysis, 
but one where the grouping variable is 
represented by a series of dichotomous “dummy 
variables”]. 

 Click OK. 
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 In the output window, click the red 
arrowhead in the upper left.  Click on “Fit Line.”  
This will draw a linear regression line.  Then 
click on “Fit Polynomial” and select “2, 
quadratic.”  This will draw a quadratic regression 
line.  If that is mysterious to you, I recommend 
that you review your college algebra, topic 
“polynomial.” 

 

 

Bivariate Fit of illness By dose 

 
 

 
 

 The plot makes it pretty clear that the quadratic line fits the data much better than does the 
straight line. 
 

Linear Fit 
illness = 90.64 + 0.0035*dose 
 

Summary of Fit 
    

RSquare 1.783e-5 
RSquare Adj -0.01019 
Root Mean Square Error 11.84093 
Mean of Response 90.71 
Observations (or Sum Wgts) 100 
 

 For the linear model, the r2 = 0.  “e-5” means move the decimal point five positions to the left. 
 

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

Model 1 0.245 0.245 0.0017 
Error 98 13740.345 140.208 Prob > F 

C. Total 99 13740.590  0.9667 
 

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

Intercept  90.64 2.050909 44.20 <.0001* 
dose  0.0035 0.083728 0.04 0.9667 
 

 The linear model is not statistically significant. 
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Polynomial Fit Degree=2 
illness = 80.604286 + 0.0035*dose + 0.0501786*(dose-20)^2 
 

Summary of Fit 
    

RSquare 0.513103 
RSquare Adj 0.503064 
Root Mean Square Error 8.304921 
Mean of Response 90.71 
Observations (or Sum Wgts) 100 
 

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

Model 2 7050.334 3525.17 51.1103 
Error 97 6690.256 68.97 Prob > F 

C. Total 99 13740.590  <.0001* 
 

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

Intercept  80.604286 1.747702 46.12 <.0001* 
dose  0.0035 0.058725 0.06 0.9526 
(dose-20)^2  0.0501786 0.004963 10.11 <.0001* 

 The polynomial model is statistically significant.  JMP does not separate the SSlinear from the 
SSquadratic, so we need to do that ourselves.  For the linear model the SSmodel was 0.245.  That 
increased to 7050.334 when we added the quadratic component to the model.  Accordingly, the 
SSquadratic = 7050.334 – 0.245 = 7050.089.  It may be useful to determine what proportion of the 

variance in illness was explained by each of the linear components, using 2.  For the linear 

component, 2 = .245/13740.590 = .00002.  For the quadratic component, 2 = 7050.089/13740.590 
= .513. 

Presenting the Results 

 Below is an example of how to write up these results.  While the underlining means method of 
presenting pairwise comparisons is dandy when you are writing by hand, it is cumbersome when you 
are using a word processor, and you never see it in published manuscripts.  Instead, I present such 
results in a table, using superscripts to indicate which means differ significantly from which other 
means. 

 

An analysis of variance indicated that dose of Athenopram significantly affected psychological 

illness of our patients, F(4, 95) = 25.193, MSE = 70.1871, p < .001, 2 = .515, 90% CI [.379, .587].  
As shown in Table 1, Tukey HSD tests indicated that 10 to 30 mg doses of the drug were associated 
with significantly better mental health than were doses of 0 or 40 mg.  A trend analysis indicated that 
the data were well fit by a quadratic model, with the quadratic component accounting for a large and 

significant proportion of the variance in illness (2 = .513, p < .001). 
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Table 1 

Psychological Illness of Patients 

As a Function of Dose of Athenopram 

Dose of Drug (mg) M SD n 

0 100.89A 8.817 20 
40 100.59A 8.249 20 
30 86.55B 8.501 20 
10 85.69B 8.635 20 
20 80.19B 7.636 20 

Note.  Means sharing a letter in their superscript are not significantly 
different at the .05 level according to a Tukey HSD test. 

 

 

The note is part of the table, necessary to explain the meaning of the superscripts.  Do notice 
that the results contain, in terse format, all of the key items that should be in such a report: 

1. Identification of the subjects – our patients. 
2. Identification of the variables – dose of Athenopram (the grouping variables, aka, in 

experimental research, as the “independent variable) and psychological illness (aka, in 
experimental research, as the “dependent variable). 

3. Presentation of the descriptive statistics (group means and standard deviations, Table 
1). 

4. Identification of the test statistic (F), its degrees of freedom (4, 95), and its observed 
value (25.193). 

5. The value of the MSE (optional if the group standard deviations have been given). 
6. The exact p value, to three decimal places. 
7. Indication of whether the model was significant (“significantly affected”) or not (“fell 

short of significance”). 

8. A strength of effect estimate (2) with confidence interval. 
9. Identification of the technique used to make pairwise comparisons – Tukey HSD here. 

10. Use of superscripts or subscripts in the table to indicate which groups differ 
significantly from which others. 

11. A verbal description of the pattern of significant differences – “10 to 30 mg doses of 
the drug were … .” 

 Also note that a trend analysis is not usually appropriate for the sort of research done by 
psychologists.  A trend analysis is appropriate only when the grouping variable is quantitative 
(amount of something, such as dose of drug) rather than qualitative (such as ethnic identity, sex, 
major in school, ….. ). 

 Return to Wuensch’s JMP Lessons Page 

 Fair Use of This Document  
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