
Inference and simulation

Simulating the gender discrimation experiment in R

These slides are licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 4.0

International License.

http://creativecommons.org/licenses/by-nc-sa/4.0/


Download and load the dataset
You can follow along by downloading and loading the dataset by placing the following
setup code block at the top of a R Markdown �le.

```{r setup, include = FALSE}
# Load required packages
library(tidyverse)
library(infer)
# Load dataset
applicants_data <- read_rds(
  url("http://data.cds101.com/gender_discrimation.rds")
)
# Observed result
experiment_result <- (21/24) - (14/24)
```
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Recap of gender discrimination dataset

Experiment involving 48 male bank supervisors that were each given the same
personnel �le and asked to judge whether the person should be promoted to a
branch manager job that was described as "routine"

The �les were identical except that half of the supervisors had �les showing the
person was male while the other half had �les showing the person was female

It was randomly determined which supervisors got "male" applications and which
got "female" applications

Result: 29.2% more men than women were recommended for promotion

Is this result statistically signi�cant?
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Building the null distribution

To test the alternative hypothesis that "women were less likely than men to be
hired", we need to generate a null distribution using the infer package:

simulation_results <- applicants_data %>%
  specify(outcome ~ sex, success = "Promoted") %>%
  hypothesize(null = "independence") %>%
  generate(reps = 10000, type = "permute") %>%
  calculate(stat = "diff in props", order = combine("Male", "Female"))
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randomly shuf�e the data in the sex column
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Building the null distribution

Using calculate(stat = "diff in props", order = combine("Male",
"Female")) means, after each simulation, compute:

Note that this expression is exactly how experiment_result was calculated.

simulation_results <- applicants_data %>%
  specify(outcome ~ sex, success = "Promoted") %>%
  hypothesize(null = "independence") %>%
  generate(reps = 10000, type = "permute") %>%
  calculate(stat = "diff in props", order = combine("Male", "Female"))
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Visualizing the null distribution
simulation_results %>%
  visualize(bins = 9) +
  shade_p_value(obs_stat = experiment_result, direction = "right") +
  labs(
    title = "Gender discrimination null distribution",
    x = "difference in fraction of male and female promotions",
    y = "PMF"
  )
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Probability of randomly getting result

One way we can quantify the probability that the experiment's result is due to
statistical variance is to compute how much of the null distribution represents
outcomes that are the same or more extreme than the actual experiment:

random_result_probability

0.0253

This value is called the p-value, and can be obtained directly using infer:

p_value

0.0253

simulation_results %>%
  filter(stat >= experiment_result) %>%
  summarize(random_result_probability = n() / 10000)

simulation_results %>%
  get_pvalue(obs_stat = experiment_result, direction = "right")
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Conclusions from our simulation

Do the results of the simulation provide convincing evidence of gender
discrimination against women, i.e. dependence between gender and promotion
decisions?

1. No, the data do not provide convincing evidence for the alternative hypothesis,
therefore we can't reject the null hypothesis of independence between gender
and promotion decisions. The observed difference between the two proportions
was due to chance.

2. Yes, the data provide convincing evidence for us to reject the null hypothesis in
favor of the alternative hypothesis of gender discrimination against women in
promotion decisions. The observed difference between the two proportions was
due to a real effect of gender.
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