
Discussion 10: Welch’s t, Wilcoxon Rank Sum

Welch’s t Test & Interval (normal populations and no assumption of equal vari-
ances)

In an single-cell RNA sequencing (scRNA-seq) experiment, we are looking at the expression levels
of a gene measured by the amount of mRNA from that gene present in tissue samples from mice
with diabetes and mice without diabetes. The goal is to determine whether this gene is associated
with diabetes–an ongoing project at UW, although thousands of genes are typically compared at
once rather than the single gene we look at here.

Suppose the data for 10 cells in each catagory are:

D (diabetes): 0.36, 0.36, 0.49, 0.06, 0.73, 0.05, 0.22, 0.55, 0.04, 0.11
N (no diabetes): 0.16, 0.12, 0.15, 0.17, 0.16, 0.19, 0.12, 0.10, 0.15, 0.20

Suppose also it is reasonable to treat these data as independent simple random samples from the
populations of mice with diabetes and mice without, respectively.

1. Is it reasonable to assume normal populations? Make QQ plots to decide.

2. Is it reasonable to assume equal population variances? Use our rule-of-thumb to decide.

3. Use a test to decide whether the data are strong evidence the gene is expressed at different
levels between the diabetes population and the no-diabetes population.

4. Find a 95% confidence interval for the difference in gene expression across the two disease
states.



Wilcoxon Rank Sum Test

1. (Do this test by hand for understanding.) Six canoes are made by hand from the same mold,
3 in kevlar with weights 51, 55, and 53 pounds, and 3 in fiberglass with weights 63, 54, and
61 pounds. Suppose the weight distributions for kevlar and fiberglass have the same shape.
Use the Wilcoxon Rank Sum Test to decide whether the data are strong evidence of a shift
between the two distributions.

• Hypotheses:

• Rank the data and find the test statistic:
rank weight sample kevlar ranks

1 51 kevlar 1
53 kevlar

3 fiberglass
4
5 61

63 fiberglass

R =
Rmin =
U =

• Articulate all
(
6
3

)
= possible kevlar ranks and the statistics we get from them in

order to say how extreme our observed test statistic is (that is, to find a p-value):

kevlar ranks 1,2,3 1,2,4 1,2,6 1,3,4 1,3,5 1,3,6 1,4,5 1,4,6 1,5,6

R 7 8 9 8 9 10 11

Rmin =

U 1 2 3 2 3 4 5 6

kevlar ranks 2,3,4 2,3,5 2,3,6 2,4,5 2,4,6 3,4,5 3,4,6 3,5,6 4,5,6

R 10 11 11 12 13 13 14 15

Rmin =

U 4 5 5 6 7 7 8 9

• P-value:

• Conclusion:

• Confirm that the test statistic and p-value found by hand matches those found by R’s
wilcox.test():



2. (Use R to do this test for sample sizes that are not tiny. This only takes seconds.) In an
experiment involving single-cell RNA sequencing (scRNA-seq), we are looking at the expres-
sion levels of a particular gene measured by the amount of mRNA from that gene present in
tissue samples from mice with diabetes and mice without diabetes.

Suppose the data for 14 cells in each category are:

D (diabetes): 0.099, 0.093, 0.106, 0.106, 0.102, 0.107, 0.103, 0.153, 0.144, 0.153, 0.155, 0.152,
0.152, 0.155
N (no diabetes): 0.127, 0.120, 0.118, 0.125, 0.123, 0.130, 0.115, 0.178, 0.175, 0.171, 0.173,
0.172, 0.164, 0.170

Use the Wilcoxon Rank Sum Test to test whether the gene is expressed at different levels
between the two disease states.


