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Pearson chi-squared test

Pearson chi-squared test of goodness-of-fit of a set of
multinomial probabilities: We begin with a sample of N
items each of which has been observed to fall into one of k
categories. We can define x = (x1, x2, . . . , xk), as the observed
numbers of items in each cell. Hence

∑k
i=1 xi = N

Pearson χ2 Test of multinomial probabilities

Test H0 : π = (π1, π2, . . . , πk), where

k∑
i=1

πi = 1

through χ2 =

k∑
i=1

(xi − Ei)
2

Ei
, whereEi = Nπi
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R Code for Binomial distribution

x <- 1
size <- 10
prob <- 1/5
n <- 6
# computes the density of the indicated binomial distribution at x i.e. P(X=x)
dbinom(x, size, prob)

## [1] 0.2684355
# computes the cumulative density of the indicated binomial distribution at x i.e.
# P(X<=x)
pbinom(x, size, prob)

## [1] 0.3758096
# draws n random variates from the indicated binomial distribution i.e. x
rbinom(n, size, prob)

## [1] 3 3 1 4 2 2
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R Code for Binomial distribution
x1 <- 0:10; p1 <- dbinom(x = 0:10, size, prob)
plot(x1, p1, type = "h", col = "blue", xlab = "x when size=10, prob=1/5", ylab = "P(x)", lwd = 12)
lines(x1, p1, col = "blue", pch = 2)
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R Code for Multinomial distribution

x <- c(2, 3, 5)
size <- sum(x)
# computes the density of the indicated Multinomial distribution at x i.e. P(X=x) R is
# smart, for dmultinom, size is already defaults to sum(x) R is smart, prob not
# necessarily sum up to 1
dmultinom(x, prob = c(0.1, 0.2, 0.7))

## [1] 0.03388291
# draws n random variates from the indicated Multinomial distribution i.e. x
rmultinom(n, size, prob = c(0.1, 0.2, 0.7))

## [,1] [,2] [,3] [,4] [,5] [,6]
## [1,] 1 0 2 0 2 0
## [2,] 2 2 3 3 2 4
## [3,] 7 8 5 7 6 6
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Maximum Likelihood estimate
ll <- function(p) { x <- 2;size <- 10; p^x*(1-p)^(size-x)}
plot(ll, 0, 1, n = 1000, xlab="pi",ylab="likelihood value",
main = "optim() maxmizing 'likelihood function dbinom(x = 2, size = 10)")
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Maximum Likelihood estimate

optim(0,ll,lower = 0, upper = 1,
method="L-BFGS-B",control = list(fnscale=-1))

## $par
## [1] 0.200001
##
## $value
## [1] 0.006710886
##
## $counts
## function gradient
## 27 27
##
## $convergence
## [1] 0
##
## $message
## [1] "CONVERGENCE: REL_REDUCTION_OF_F <= FACTR*EPSMCH"
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Test and Confidence Intervals
res <- binom.test(x = 0, n = 25, conf.level = 0.95)
res

##
## Exact binomial test
##
## data: 0 and 25
## number of successes = 0, number of trials = 25, p-value = 5.96e-08
## alternative hypothesis: true probability of success is not equal to 0.5
## 95 percent confidence interval:
## 0.0000000 0.1371852
## sample estimates:
## probability of success
## 0
res$conf.int

## [1] 0.0000000 0.1371852
## attr(,"conf.level")
## [1] 0.95
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R Code for Pearson chi-squared test

I The function chisq.test can perform the Pearson chi-squared test of
goodness-of-fit of a set of multinomial probabilities. For example,
with 3 categories and hypothesized values (0.4, 0.3, 0.3) and
observed counts (12, 8, 10),

x <- c(12, 8, 10)
p <- c(0.4, 0.3, 0.3)
chisq.test(x, p = p)

##
## Chi-squared test for given probabilities
##
## data: x
## X-squared = 0.22222, df = 2, p-value = 0.8948
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R Code for confidence interval of pi

## Exact Confidence Intervals on pi
binom.test(x[1], n = sum(x), conf.level = .95)

##
## Exact binomial test
##
## data: x[1] and sum(x)
## number of successes = 12, number of trials = 30, p-value = 0.3616
## alternative hypothesis: true probability of success is not equal to 0.5
## 95 percent confidence interval:
## 0.2265576 0.5939651
## sample estimates:
## probability of success
## 0.4
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R Code for confidence interval of odds ratio

a — The number of individuals who both suffer from exposure and disease.

b — The number of individuals who suffer from disesase but not exposed.

c — The number of individuals who suffer from exposure but are healthy.

d — The number of individuals who neither suffered from exposure nor disease.
library(fmsb)
res <- oddsratio(a = 5, b = 10, c = 85, d = 80, conf.level = 0.95)

## Disease Nondisease Total
## Exposed 5 85 90
## Nonexposed 10 80 90
## Total 15 165 180
res

##
## Odds ratio estimate and its significance probability
##
## data: 5 10 85 80
## p-value = 0.1787
## 95 percent confidence interval:
## 0.1541455 1.4366513
## sample estimates:
## [1] 0.4705882
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In class exercise

In Canadian Journal of Sociology 15 (1), 1990, page 47, Smith claimed
that the sample showed a close match between the age distributions of
women in the sample and all women in Toronto between the ages of 20
and 44. This is especially true in the youngest and oldest age brackets.

Tabel: Sample and Census Age Distribution of Toronto Women.

Age Number in Sample Percent in Census

20-24 103 18
25-34 216 50
35-44 171 32
Total 490 100

Using the data in Table 1, conduct a chi-square goodness of fit test to
determine whether the sample does provide a good match to the known
age distribution of Toronto women. Use the 0.05 level of significance.
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Take home exercise

To test the hypothesis that a random sample of 100 students
major in Public Health has been drawn from a population in
which men and women are equal in frequency, the observed
number of men and women would be compared to the
theoretical frequencies of 50 men and 50 women. There were
39 men in the sample and 61 women observed. Could we still
conclude that the gender of students is equal in frequency?
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