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Historically, women have often earned less than men for performing the same job, a phenomenon 
known as the gender wage gap.  Given that salary data are notoriously skewed, investigating the 
gender wage gap provides an engaging context for introducing students to modern randomization 
tests as an alternative to more traditional nonparametric tests.  The first randomization test included 
in this classroom activity addresses whether the mean salary of male accountants and auditors is 
significantly greater than that of females with similar qualifications, and the second task 
investigates whether the ratio of the median salary of female accountants/auditors to the median 
salary of their male counterparts is significantly less than 1.  (A ratio of 1 would indicate that the 
median female and male salaries are the same.)  Both randomization tests utilize custom JMP 
scripts that I have written.  The data set, a subset of a sample collected as part of the 2008 
American Communities Survey that I downloaded from IPUMS-USA, consists of the total personal 
earnings for samples of full-time female and male accountants/auditors ages 25-34 with Bachelor’s 
degrees in the Philadelphia metropolitan area.  I chose this particular data set due to its appeal to 
the accounting and finance majors I teach at a university in the greater Philadelphia region.  Given 
the flexibility of the IPUMS-USA interface, this classroom activity could be adapted to investigate 
the gender wage gap using samples from other professions, age groups, or geographical regions.  

*S. Ruggles, J.T. Alexander, K. Genadek, R. Goeken, M.B. Schroeder, and M. Sobek. Integrated 
Public Use Microdata Series: Version 5.0 [Machine-readable database]. Minneapolis: University of 
Minnesota, 2010.



2 U.S. Census Bureau

In the 2008 ACS, information on 
income was collected between 
January and December 2008, and 
people were asked about income 
for the previous 12 months (the 
income reference period), yielding 
a total income time span cover-
ing 23 months (January 2007 to 
November 2008).1 The Census 
Bureau recommends using caution 
when making labor force data com-
parisons from 2008 or later with 
data from prior years.  The Census 
Bureau introduced an improved 
sequence of labor force questions 
in the 2008 ACS questionnaire. 

1 All income data are inflation-adjusted to 
2008 dollars.

This impacted the number of full-
time, year-round workers.2 

The data contained in this report 
are based on an ACS sample that 
was selected for interview in 2008 
and are estimates of the actual fig-
ures that could have been obtained 
by interviewing the entire popula-
tion using the same methodology. 
All comparisons presented in this 
report have taken sampling error 
into account and are significant 
at the 90 percent confidence level 

2 For more information on these questions 
and their evaluation in the 2006 ACS Content 
Test, see the “Evaluation Report Covering 
Employment Status” at <www.census.gov 
/acs/www/AdvMeth/content_test/P6a 
_Employment_Status.pdf> and the “Evaluation 
Report Covering Weeks Worked” at <www 
.census.gov/acs/www/AdvMeth/content 
_test/P6b_Weeks_Worked_Final_Report.pdf>. 
Additional information also can be found at 
<www.census.gov/hhes/www/laborfor 
/laborforce.html>. 

unless noted otherwise. Due to 
rounding, some details may not 
sum to totals. For information on 
sampling and estimation methods, 
confidentiality protection, and 
sampling and nonsampling errors, 
please see the “2008 ACS Accuracy 
of the Data” document located at 
<www.census.gov/acs/www 
/Downloads/ACS/accuracy2008 
.pdf>. 

Earnings of Men and 
Women

The 2008 ACS median earnings 
of men in the United States who 
worked full-time, year-round were 
$45,556. For women, the median 
earnings were $35,471, or 77.9 
percent of men’s earnings.

Sources: U.S. Census Bureau, American Community Survey, 2008; and Puerto Rico Community Survey, 2008.
* DC is represented at 4.5 times the scale of other continental states.

MT

AK

NM

OR MN

KS

SD

ND

MO

WA

FL

IL IN

WI NY

PA

MI

OH

IA

ME

MA 

CT 

AZ

NV

TX

COCA

WY

UT

ID

NE

OK

GA

AR

AL

NC

MS

LA

TN

KY
VA

SC

WV

RI 

DE 
MD 

NJ 

HI

VT
NH

PR

DC *

United States
= 77.9  percent

80.0 or more

75.4 to 77.9

Less than 75.4 percent

78.0 to 79.9

Women’s Earnings as a Percentage of Men’s Earnings in the 
Past 12 Months by State and Puerto Rico: 2008  
    

Percentage









The Salary Data
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The Randomization Test Statistics

Difference between two sample means

Ratio of two sample medians

xMale − xFemale = $13482( )

 

xFemale
xMale

= 0.867
⎛
⎝⎜

⎞
⎠⎟



The Randomization Procedure

Compute the test statistic for the original data.

Scramble the group labels and recalculate the test 
statistic for the permutation resample. 

Repeat many times; I generated 999 resamples.

Construct the Monte Carlo permutation distribution and 
use it to estimate the P-value by locating the original 
test statistic.



The Results:  Comparing Means
Monte Carlo Permutation 
Distribution of               xMale − xFemale

• Eight resamples resulted in test statistics 
as large or larger than the original test 
statistic                                   .

• Thus, the approximate right-sided P-value 
is 

xMale − xFemale = $13482( )
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• 86 resamples resulted in test statistics as 
small or smaller than the original test 
statistic                        .

• Thus, the approximate left-sided P-value 
is 

The Results:  Comparing Medians
Monte Carlo Permutation 
Distribution of               

 

xFemale
xMale

= 0.867
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⎞
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Conclusions
Randomization tests provide a modern nonparametric approach 
for analyzing notoriously skewed salary data.

When comparing means, we find evidence of a gender wage gap 
between the salaries earned by male and female accountants/
auditors with Bachelor’s degrees who work in the Philadelphia 
metropolitan area (                                   , P = .009, right-sided).

However, there is not evidence of a significant wage gap when we 
consider the ratio of the median salaries of females and males in 
this same demographic (                              , P = .087, left-sided). 

xMale − xFemale = $13482

 xFemale / xMale = 0.867


