Making Babies by the Flip of a Coin?
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Many probability questions in genetics assume that each of two traits (e.g., sex) is equally likely and independent from sibling to sibling. 

If we let Bi denote the event that the ith child of a randomly selected family is a boy (and define Gi analogously), probability questions often make two assumptions:

1. The probabilities of boys and girls are equal; i.e., Pr(Bi) = Pr(Gi) = ½ for all i.

2. The sex of a second child is independent of the sex of the first child; i.e., B1 and B2 are independent.
Is either of these assumptions valid?
Biologists know that Assumption #1 is false, though the reasons for an imbalance in boy and girl births remain unclear. There exists a large literature on this subject (see the references cited in Stansfield & Carlton (2006)). 

What about Assumption #2? In particular, are the sexes of successive children from the same parents independent?
Data Source: National Health Interview Survey (NHIS), an annual study conducted by the Center for Disease Control’s National Center for Health Statistics, under contract with the U.S. Census Bureau
The NHIS employs a probability sampling plan; for details, consult their website http://www.cdc.gov/nchs.

Data Set #1: sex sequence for all biological children ages 10 and younger in two-child families from the NHIS five-year cohort 1998-2002 

	Sex sequence
	No. of families
	% of sample

	B1B2
	6,545
	25.70%

	B1G2
	6,628
	26.02%

	G1B2
	6,451
	25.33%

	G1G2
	5,844
	22.95%

	Total
	25,468
	100.00%


Chi-square analysis for two-child families:
	
	
	Second child

	
	
	G2
	B2

	First child
	G1
	5,844

(6,021)

5.204
	6,451

(6,274)

4.994

	
	B1
	6,628

(6,451)

4.857
	6,545

(6,722)

4.662


Observed number

(Expected number)

χ2 contribution

χ2 = 5.204 + 4.994 + 4.857 + 4.662 = 19.717 

At 1 df, P-value < .00001 
The data suggest a statistically significant dependence between siblings’ sexes in the population of all 2-child families. In particular, there are many more opposite-sex sibships than independence would hypothesize!
Note: The chi-square analysis does not assume boys and girls are equally likely, nor does it assume that the likelihood of a boy stays constant. For other types of analyses, see Carlton & Stansfield (2005).
What could explain this phenomenon? Why is an older brother more likely to have a younger sister and vice versa?
Some biological explanations were pondered…
· A boy’s Y-chromosome could trigger a mother’s immune response. This would account for fewer boy-boy pairs, but not the lack of girl-girl pairs.
· If the first child is a girl, X-linked genes from the father could sensitize the mother and cause an immune attack on any subsequent female embryos. This would account for the dearth of girl-girl pairs.
Of course, the observed dependence phenomenon might not have a biological explanation.  It might just be…
…parental choice!

How could we investigate this last hypothesis?

Data Set #2: sex sequence for the first two biological children ages 10 and younger in three-child families from the NHIS five-year cohort 1998-2002
	Sex sequence
	No. of families
	% of sample

	B1B2
	2,207
	29.27%

	B1G2
	1,620
	21.48%

	G1B2
	1,773
	23.51%

	G1G2
	1,941
	25.74%

	Total
	7,541
	100.00%


Chi-square analysis:

	
	
	Second child

	
	
	G2
	B2

	First child
	G1
	1,941
(1,754)

19.977
	1,773
(1,960)

17.874

	
	B1
	1,620
(1,807)

19.387
	2,207
(2,020)

17.346


χ2 = 74.585, P-value < .00001 
In the population of three-child families, the older two children are much more likely to be of the same sex than independence would predict.
What happens when we merge the two samples? The table below displays the combined data for the (first) two biological children under 10 years old in two- and three-child families in the NHIS data.
	Sex sequence
	No. of families
	% of sample

	B1B2
	8,752
	26.51%

	B1G2
	8,248
	24.99%

	G1B2
	8,224
	24.91%

	G1G2
	7,785
	23.59%

	Total
	33,009
	100.00%


Chi-square analysis:

	
	
	Second child

	
	
	G2
	B2

	First child
	G1
	7,785
(7,776)

0.011
	8,224
(8,233)

0.010

	
	B1
	8,248
(8,257)

0.010
	8,752
(8,743)

0.010


χ2 = 0.041, P-value = .840 
Thanks to…

Bill Stansfield, co-author, Professor Emeritus of Biology, Cal Poly State University
Debra Blackwell, National Center for Health Statistics
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Data Set #1: sex sequence for all biological children ages 10 and younger in two-child families from the NHIS five-year cohort 1998-2002 

	Sex sequence
	No. of families

	B1B2
	6,545

	B1G2
	6,628

	G1B2
	6,451

	G1G2
	5,844

	Total
	25,468


Data Set #2: sex sequence for all biological children ages 10 and younger in three-child families from the NHIS five-year cohort 1998-2002
	Sex sequence
	No. of families

	B1B2B3
	1,147

	B1B2G3
	1,060

	B1G2B3
	778

	B1G2G3
	842

	G1B2B3
	887

	G1B2G3
	886

	G1G2B3
	949

	G1G2G3
	992

	Total
	7,541
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