
Chapter 16: One-way Analysis of Variance

Does presence of others in an emergency affect helping?
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Conduct experiment:

· Wait alone

· Wait with one other person

· Wait with two other people

Data:
 

	P + 2 people
	P + 1 person
	P + 0 people

	10
	6
	1

	13
	8
	3

	5
	10
	4

	9
	4
	5

	8
	12
	2
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Is there a significant difference among these means?

Some Vocabulary:

“one-way anova;” “one-factor anova”

Factor =  independent variable or quasi-independent variable (grouping

 variable)

How many “levels” does the factor have?  

Levels = number of treatment conditions (groups)

k = number of levels 

Assume:

· random sampling 

· random assignment to experimental conditions

When & why do we perform one-way ANOVA:

Manipulated 1 IV & 

Have more than two groups (levels)

Why not a series of t-tests?


(1)
(1 = (2

(2)
(1 = (3

(3)
(2 = (3

Inflate probability of Type I Error!




Testwise  (  = .05




Familywise  (  ( .14 for 3 t-tests

ANOVA compares all means simultaneously

Tells you that at least two means differ

Must follow up with multiple comparison procedures

The Logic of ANOVA:

t = 
  
 difference between sample means




difference expected by chance (error)

F =    variance (differences) between sample means



 variance (difference) expected by chance (error)

Concerned with variance:




variance = differences between scores

Two sources of variance:

Between group variance:
Differences between group means

Within group variance: 
Differences among people within the same group

Between Group Variance:
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What can explain these differences?   Why do people in different groups differ?

(1)
Treatment Effect = Differences caused by our experimental treatment 

Systematic variation due to the treatment

(2)
Chance  = Differences due to….

(a)   individual differences
(b)   experimental error


Unexplained, uncontrolled, non-systematic 

Within Group Variation:
	P + 2 people
	P + 1 person
	P + 0 people

	10
	6
	1

	13
	8
	3

	5
	10
	4

	9
	4
	5

	8
	12
	2


What can explain these differences?  

Why do people within the same group differ, even though they were treated alike?    

(1)
Chance  = Differences due to….

(a)   individual differences
(b)   experimental error


Unexplained, uncontrolled, non-systematic 

Partitioning the Variance:



F-ratio = 

Between-group Variance




         Within-group Variance

If H0 True:    
F =        
0 + Chance
   


(  1


              

  

    Chance
If H0 False: 

F =

Treatment Effect + Chance
   >  1


              


     





Chance 
The F statistic:

· F is a statistic that represents ratio of two variance estimates


· Denominator of F is called “error term”

· When no treatment effect, F ( 1
· If treatment effect, observed F will be > 1  

· How large does F have to be to conclude there is a treatment effect (to reject H0)? 

· Compare observed F to critical values based on sampling distribution of F
· A family of distributions, each with a pair of degrees of freedom 
The F-Distribution:




p




      0

1
2
3
4
5
6

F-values

Things to note:


F-values always + (variance cannot be -)

If H0 is true, value of F should be approx 1

--Distribution of F piles up around 1


Hypotheses Testing with ANOVA:
(1)
Research question


Does the presence of others affect a person’s willingness to help?  

(2)
Statistical hypotheses



H0:
  (1 = (2 = ... = (k


H1:  At least two means are significantly different

(3)
Decision rule (critical value)

(4)
Compute observed F-ratio from data

(5)
Make decision to reject or fail to reject H0
(6)
If H0 rejected, conduct multiple comparisons as needed

Computing ANOVA:
Steps:

(1)
Compute SS (sums of squares)

(2)
Compute df


(3)
Compute MS  (mean squares)




(4)
Compute F
More Vocabulary and Symbols: 
k = Number of groups

nj = Sample size of the jth group  (n1, n2, n3, ..nk)


Note: when all groups have equal sample size, we may use “n” with no subscript

N = Total sample size 
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= Grand (overall) mean

SS (Sum of squares) = Sum of squared deviations around a mean

Computational Formulas for ANOVA:


Step 1:  Compute Sums of Squares (SS)
(a)
SStotal  =   
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(b)
SSgroup  =   
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(c)  Total variance is composed of SSgroup & SSerror


SStotal = SSgroup + SSerror

Rearrange this formula to get:

SSerror= SStotal - SSgroup
Step 2:  Compute Degrees of Freedom (df)
 
(a)   dfgroup = 
k - 1




(b)  df total  =
N - 1

(c) dferror
 =    N - k    
(or “what’s left over”)


Step 3:  Compute Mean Squares (MS)
Mean Square = variance



(a)
MSgroup  = 
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(b)
MSerror = 
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Step 4:  Compute F-Ratio



F = 
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ANOVA Summary Table




	Source
	SS
	df
	MS
	F

	Group 
	SSG
	dfG
	MSG
	MSG  MSE

	Error 
	SSE
	dfE
	MSE


	

	Total
	SST
	dfT
	
	


Computing the ANOVA:
	
	2 Others
	1 Other 
	0 Others
	

	
	10
	6
	1
	

	
	13
	8
	3
	

	
	5
	10
	4
	

	
	9
	4
	5
	

	
	8
	12
	2
	

	n
	5
	5
	5
	N = 15
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Step 1: Compute SS

SStotal  =   
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SStotal = [102 + 132  + 52  + 92 + 82  + 62 + 82 + 102  + 42 +

122 + 12  + 32   + 42 + 52  + 22] - 
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 =  854 – 666.67 = 187.33 

SSgroup  =   
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SSgroup =   
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   =

27.14 + 8.84 + 67.34= 103.32
SSerror= SStotal - SSgroup     187.33 – 103.32   =  84.01

Let’s fill in the information we have in our ANOVA table:

Source

SS


df

MS


F

Group

103.32

dfG

MSG

F

Error

84.01

dfE

MSE

Total

187.33

dfT
Step 2: Compute df

df group = 
k - 1

 = 3 – 1 = 2


df total  
=
N - 1
= 15 – 1 = 14
dferror
 =    N - k    
= 15 – 3 = 12
Let’s fill in the information we have in our ANOVA table:

Source

SS


df

MS


F

Group

103.32

2

MSG

F

Error

84.01

12

MSE

Total

187.33

14

Note:    SStotal = SSgroup + SSerror

Note:  
dftotal = dfgroup+ dferror
Step 3:  Compute Mean Squares (MS)
(a) MSgroup  = 
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= 
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(b)
MSerror = 
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Let’s fill in the information we have in our ANOVA table:

Source

SS


df

MS


F

Group

103.32

2

51.66

F

Error

84.01

12

7
Total

187.33

14

Step 4:  Compute F-Ratio



F = 
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Let’s complete our ANOVA table:

Source

SS


df

MS


F

Group

103.32

2

51.66

7.38

Error

84.01

12

7
Total

187.33

14

Critical Value:



We need two df to find our critical F value from Table E.3 

(Note E.3 ( =.05; E.4 ( =.01)

“Numerator” df:

dfG



“Denominator” df:
dfE
df = 2,12 and ( = .05 (
Fcritical= 3.89

 Decision:

Reject H0 because observed F (7.38) 





exceeds critical value (3.89) 

Interpret findings: 


At least two of the means are significantly different from each other.

“The time an individual takes to help someone in need is influenced by the number of other people also present, F(2,12) = 7.38, p ( .05.”

Multiple Comparison Procedures:

· Used to pinpoint specific group mean differences

· Conduct comparisons, control for Type I error

· Many types of comparisons

· Two common ones:

Fisher’s Least Significant Difference Test (LSD) / Protected t-test

Tukey Honestly Significant Difference Test (HSD)

Protected t (LSD) test
Run t-tests between pairs of means but ONLY if an ANOVA was conducted &

was significant

IF ANOVA was significant, conduct any (or all) possible t-tests, but replace the 

pooled variance estimate (s2p) with the MSerror

df = dferror  = N – k

t  =  
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where 
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 are the means of the two groups you are comparing
 ni and nj are the sample sizes of the two groups you are comparing 

Let’s compare all the means from our previous example

P + 2 present

P + 1 present

P + 0 present
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n = 5


n = 5

MSerror = 7

t  =  
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t  =  
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 t  =  
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t  =  
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Find the critical value:


set ( = .05


df = N – k = 15 – 3 = 12


See table E.6 - CV = 2.179

The t values of 3.59 and 2.99 exceed the critical value, but .60 does not.

Conclusion: 

“The time an individual takes to help someone in need is influenced by the number of other people also present, F(2,12) = 7.38, p ( .05.  Protected t-tests showed that those alone (M = 3) responded faster than those with one other person present (M = 8; t(12) =2.99, p ( .05, two-tailed ) or two other people present (M = 9; t(12) = 3.59, p ( .05, two-tailed).  There was no difference in response time between those who responded with one or two others present, t(12) = 0.6, p > .05.” 

Assumptions for ANOVA:

· Homogeneity of variance



(21 = (22 = ... = (2k
Moderate departures are not problematic, unless sample sizes are very

unbalanced

· Normality


Scores w/in ea. group are normally distributed around their group mean



Moderate departures are not problematic 

· Independence of observations


Observations are independent of one another 



Violations are very serious -- do not violate

If assumptions violated, may need alternative statistics (discussed in later chpts)



Total Variance





Within Group 


Variance





Chance (error)





Between Group 


Variance





Treatment Effect


Chance (error)





IV 	=  Number of people present


DV 	=  Time it takes (in secs.) to call for help





Shape of the distribution changes with df





Conceptually: Sum of sq. deviations b/n each observation & � EMBED Equation.3  ���








Conceptually: Sum of sq. deviations b/n each group mean & � EMBED Equation.3  ���multiplied by the sample size for each group








To calculate directly, you’d take the SS of each observation from its group mean, for all groups








Comparing 2 others present & 0 others present





Comparing 1 other present & 0 others present





Comparing 2 others present & 1 other present
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