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Stats Booster Workshop

Summary

• This document is part of a workshop series where we explore some key mathematical concepts
that apply to a variety of statistics-based courses at the Marxe School. If you are currently taking
such a course, or if you just want to review previously learned material, this workshop might be
a great complement to lectures, tutoring, and self-study.

• This component of the workshop focuses on crosstabs, inference with variance, and Chi-
squared tests.

• In addition to the notes in this document, there may be supporting files such as Powerpoint
slides, video overviews, tables, and guides (e.g. on using computer software to complete some of
the indicated tasks).

Please visit the Quant Support blog to access these materials:

https://blogs.baruch.cuny.edu/marxequantsupport/

Crosstabs

• Let’s take a closer look at crosstabs by reviewing an example from the Data workshop of this
Stats Booster series:

∗ Let P (A) be the probability that a student received an A+ in BIO 101, a college biology
course.

∗ Let P (B) be the probability that a student is a biology major.

∗ If we only consider tall students, are they more likely to have received an A+ in the course?
Probably not. What if we only consider the students who are biology majors?

∗ P (A|B) is a conditional probability and is read as ’the probability of A, given B’. This in-
dicates we are concerned with subsets of the sample space (closely examine the denominators
in the examples below the table). Consider the contingency table (i.e. cross tabulation)
for 100 students who took BIO 101:

* A+ in BIO 101 Other grade in BIO 101 TOTAL

BIO Major 15 10 25
Other Major 5 70 75
TOTAL 20 80 100

∗ The row sums and column sums are sometimes referred to as marginal frequencies.

∗ We observe that P (A) = 20
100

= 20% and P (B) = 25
100

= 25%.

∗ Furthermore, P (A|B) = 15
25

= 60%.

∗ As we see in this case, P (A) ̸= P (A|B).

∗ We can use a cross-tabulation table (a.k.a. “crosstabs, two-way table, contingency
table”) to show the relationship between two or more categorical variables. This differs
from a frequency table, for example, which is only for a single categorical variable.

https://blogs.baruch.cuny.edu/marxequantsupport/
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The Chi-Squared Distribution

Inference Concerning the Population Variance

Variance, not Mean

• Throughout this workshop series, our parameter of interest has usually been the population
mean, and our statistic of interest has been the sample mean.

• For example, we might conduct a hypothesis test where the null hypothesis is a statement
about the average length (i.e. mean length) of a particular bird species’ beak. Our alter-
nate hypothesis might be that the actual mean beak length is greater/smaller/different than
assumed.

• What if we are instead interested in the variance (or standard deviation) of these beak
lengths?

(Note: standard deviation is always just the square root of the variance, so either
number is sufficient to indicate variability. The main reason to use standard deviation
instead of variance is the convenience of the units. For example, it’s certainly more useful in
real world applications to say “4 years” instead of “16 square-years”.)

Sampling Distribution of the Sample Variance

• For inference regarding the population variance, we use the χ2 (pronounced “chi-square” or
“chi-squared”) distribution. Like the t distribtuion it a family of distributions, where the higher
the d.f. (degrees of freedom), the closer it looks to the normal distribution (i.e. visually short
and wide instead of tall and narrow). Since we’re dealing with squared numbers, our values will
never be negative.

• For a sample of size n taken from a normal population, the statistic

χ2
df =

(n− 1)S2

σ2

follows the χ2 distribution with d.f. = n− 1.
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• To locate χ2 values, we use an appropriate table, noting that

P (χ2
df < χ2

1−α,df ) = α

(or, equivalently, P (χ2
df ≥ χ2

1−α,df ) = 1− α).

Let’s view an example with α = 0.05, and n = 11 =⇒ d.f. = 11− 1 = 10. (Hence, χ2
α,df =

χ2
0.05,10)

χ2
10, P (χ2

1 ≥ 0.5420) = p− value, P (χ2
10 < 3.940 = 0.05)

Confidence Interval for the Population Variance

• When we have a random sample from a normally distributed population, we can construct a
100(1− α)% confidence interval for σ2 in the following form:
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[
(n− 1)s2

χ2
α/2,df

,
(n− 1)s2

χ2
1−α/2,df

]

, where d.f. = n− 1.

Hypothesis Test for the Population Variance

• The value of the test statistic for the hypothesis test for for the population variance σ2 is given
by

χ2
df =

(n− 1)S2

σ2
0

, where d.f. = n− 1 and σ2
0 is the hypothesized value of the population variance.

• Furthermore, our competing hypotheses are stated as

H0 : σ
2 ≤ σ2

0

HA : σ2 > σ2
0, (right tail test)

H0 : σ
2 ≥ σ2

0

HA : σ2 < σ2
0, (left tail test)

H0 : σ
2 = σ2

0

HA : σ2 ̸= σ2
0, (two tail test)

Chi-Square Test for Independence

• Suppose we have a contingency table and are interested in the relationship between two
qualitative variables. Then we may conduct a chi-square test of the contingency table
in order to determine whether or not the variables are independent.

• Our competing hypotheses will be

H0 : the two qualitative variables are independent

HA : the two qualitative variables are dependent
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• Furthermore, we will need to compare observed frequencies versus expected frequencies.

If we have a contingency table where i refers to the ith row and j refers to the jth column, we can
say,

eij =
(Row i total)(Column j total)

sample size

, where eij is the expected frequency for its corresponding cell.

Furthermore, our test statistic will be

χ2
df =

∑
i

∑
j

(oij − eij)
2

eij

, where df = (r − 1)(c − 1), and oij and eij refer to the observed and expected frequencies,
respectively.

• For example, in the table below we are comparing the semester grades of 400 calligraphy students
(some right-handed, some left-handed) who received either an A or a B at the end of the term.
We want to know if there is a link between one’s preferred writing hand and one’s
performance in the course.

Grade
Hand A B Total
Lefty 50 60 110
Righty 120 170 290
Total 170 230 400

Calculating, we find e11 = (110)(170)/400 = 46.75, e12 = (110)(230)/400 = 63.25, e21 = (290)(170)/400 =
123.25, e22 = (290)(230)/400 = 166.75.

Also, df = (2− 1)(2− 1) = 1, as we don’t count the marginal Total rows/columns,

and χ2
1 = 0.55 =⇒ p− value = 0.462 (using a computer program or table).

Hence, for α = 0.10 (which implies χ2
0.10,1 = 2.706), our p-value is not less than α. So we do

not reject the null hypothesis that our qualitative variables are independent.

Other Tests Involving the Chi-Square Distribution

• In a goodness-of-fit test for a multinomial experiment, we can test whether a population follows
a particular probability distribution (e.g. Poisson, binomial, normal).

Two chi-square tests for testing for normality are the Jarque-Bera test and the goodness-
of-fit test for normality.

For more on these methods, view this online resource.

https://stats.libretexts.org/Courses/Lake_Tahoe_Community_College/Book%3A_Introductory_Statistics_(OpenStax)_With_Multimedia_and_Interactivity/11%3A_The_Chi-Square_Distribution/11.03%3A_Goodness-of-Fit_Test


Austin W. Marxe School of Public and International Affairs, Baruch College M. Joseph

Focus Problems

(1) In the table below we are comparing the semester grades of 400 calligraphy students (some right-
handed, some left-handed) who received either an A or a B at the end of the term. We want to
know if there is a link between one’s preferred writing hand and one’s performance
in the course.

Grade
Hand A B Total
Lefty 50 60 110
Righty 120 170 290
Total 170 230 400

Given α = 0.10, conduct a chi-square test for independence to determine whether or not the
variables Hand and Grade are independent/dependent.


