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13.3.1.3 Dichotomy in Repeated Measures: Cochran’s Q (large n)
McNemar’s test for 2(2 tables can be extended to T repeated measures with dichotomous outcome. It is now called Cochran’s Q and given by


Cochran’s Q = (T − 1)
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(13.6)

where T = number of repetitions,


Pt = number of positives at tth (t = 1, 2, …, T) repetition, 


P = ΣtPt = total number of positives,


Si = number of positives for ith (i = 1, 2, …, n) subject in T repetitions.

Example 13.7 illustrates the method. You may never need to use the formula (13.6) since the software will give Q-value. For large n, this follows a chi-square distribution with    (T − 1) df. Thus P-value can be obtained. Exact distribution of Q is also known that is valid for small n also. A good statistical package will give you exact P-value as well.

Example 13.7 Self-perceived satisfaction with health at four time points of BPH patients

Thirty patients of benign prostatic hyperplasia (BPH) whose disease was under control were assessed for their perceived health at monthly intervals for four months. The data obtained are shown in Table 13.12.

TABLE 13.12
Self-perceived satisfaction with health of BPH patients at monthly intervals (0 = Not satisfied, 1 = Satisfied)

	Subject
	Time-1
	Time-2
	Time-3
	Time-4
	Si

	1
	0
	1
	1
	1
	3

	2
	0
	1
	0
	0
	1

	3
	1
	0
	1
	1
	3

	4
	1
	1
	1
	1
	4

	5
	0
	0
	0
	1
	1

	
	
	
	
	
	

	6
	0
	1
	1
	1
	3

	7
	1
	0
	0
	0
	1

	8
	0
	0
	1
	0
	1

	9
	0
	1
	0
	0
	1

	10
	1
	1
	1
	1
	4

	
	
	
	
	
	

	11
	0
	1
	1
	1
	3

	12
	0
	1
	1
	0
	2

	13
	0
	0
	1
	1
	2

	14
	1
	1
	0
	0
	2

	15
	0
	1
	0
	1
	2

	
	
	
	
	
	

	16
	0
	0
	1
	1
	2

	17
	0
	0
	0
	1
	1

	18
	0
	0
	1
	1
	2

	19
	1
	1
	0
	1
	3

	20
	1
	1
	1
	0
	3

	
	
	
	
	
	

	21
	0
	0
	0
	1
	1

	22
	0
	1
	1
	1
	3

	23
	0
	0
	1
	1
	2

	24
	1
	1
	1
	1
	3

	25
	0
	1
	1
	1
	3

	
	
	
	
	
	

	26
	0
	0
	0
	1
	1

	27
	0
	1
	1
	0
	2

	28
	0
	0
	0
	0
	0

	29
	1
	1
	0
	1
	3

	30
	0
	0
	1
	1
	2

	
	
	
	
	
	

	Sum Pt
	9
	17
	18
	21
	


A software package gives Q = 10.862 and exact P-value = 0.012.

For those who want to see what is going on underneath, note for this data that T = 4, P1 = 9, P2 = 17, P3 = 18 and P4 = 21. Thus P = 9 + 17 + 18 + 21 = 65. Also S1 = 3, S2 = 1, S3 = 3, …, S30 = 2. Substituting these values gives



Q  = (4 − 1)
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= 10.86.

This is the same as just obtained by software package. At T – 1 = 4 – 1 = 3 df, critical value of chi-square is 7.815 at α = 0.05. Since the calculated value is higher, P < 0.05 and the result is statistically significant. It can not be concluded that self-perceived satisfaction in these people is different at different time points.

For T = 2, Cochran’s Q reduces to McNemar’s as it should. If you find Q statistically significant and want to find where actually this difference is, do McNemar’s for pairs of interest using Bonferroni alpha. Bonferroni procedure is explained in Chapter 15 for multiple comparisons. If there are a total of K pairwise comparisons of interest, Bonferroni procedure requires that you use α/K instead of α. This keeps the total Type I error less than α.
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