Guidelines for Exercise 4: 

Mathematical Relationships in the One-Way ANOVA Table 
Consider the following experiment.  The Factor is humidity.  There are three Levels (High, Medium, Low)     The Response is cycles.  The design is balanced.
	Low
	Medium
	High

	466
	244
	1027

	1069
	261
	1216

	937
	522
	1097

	1357
	314
	1011

	1236
	134
	78

	533
	322
	387

	1032
	306
	466

	92
	68
	107

	211
	471
	327

	130
	130
	586

	841
	398
	402

	1482
	105
	846

	529
	847
	524

	754
	874
	751

	361
	755
	529

	469
	573
	1011

	114
	252
	130

	1595
	739
	1344


The Minitab output is shown below.

Minitab Format:    One-way ANOVA: Cycles versus Humidity 

Source    DF       SS      MS     F      P

Humidity   2  1056818  528409  3.46  0.039

Error     51  7784913  152645

Total     53  8841731

Three levels of humidity means that DF humidity = 2.

Eighteen observations for each of the three levels (N = 54) means that DF total = 53. 
SS/DF = MS                 DFTotal – DFHumidity = DFError
MSHumidity / MSError  = F calculated

The p-value for Fcalc=3.46, v1=2, v2=51 is not obtainable directly from Table A.5.

However F critical for alpha=.05, v1=2, v2=51 is close to 3.19.
Determine the unknown values for this Minitab output.

Source    DF       SS      MS     F      P

Humidity   2   1056818  c528409 e3.46  0.039

Error     a51  7784913 d152645
Total     53  b8841731
a =   DF total – DF humidity         =  51

b =   SS humidity + SS error  =  8841731

c =   SS humidity/DF humidity    =  1056818/2
d =  SS error/DF error  (Note that you must find the value of “a” before you can calculate “d”.)

e =  MS humidity / MS error     =   c/d 
Determine the unknown values for this Excel output.
	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1056818
	2
	528409.1
	3.461678
	0.038929
	3.178799

	Within Groups
	7784913
	51
	152645.4
	
	
	

	
	
	
	
	
	
	

	Total
	8841731
	53
	 
	 
	 
	 


SS Within Groups = df Within Groups * MS Within Groups

DF Total  = DF Between Groups  + DF Within Groups
Mathematical Relationships in the Two-Way ANOVA Table

The mathematical relationships in the two-way ANOVA are similar to the one-way ANOVA   
( DF total = N-1     MS = SS / DF, etc )

The DF for interaction = DF first factor * DF second factor

In Minitab, you will calculate the F values by dividing by MS error.

F second factor = MS second factor / MS error

In Excel, the error source is labeled “within”.  

Therefore you will calculate the F values by dividing by MS within.

F columns = MS columns / MS within
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