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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 confidence intervals, inference.

• 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/

It’s All About Inference

An Example from an Article

• An article claims that approximately 20% of all anime viewers also read the manga associated
with their favorite anime series.

• This claim was made after a sample of these anime viewers was observed and a confidence
interval was constructed. The confidence interval implied, “we can say with 95% certainty that
between 18.6% to 21.4% of all anime viewers also read the manga associated with their favorite
anime series.”

• In other words, if we kept on taking samples from the population, 95% of the time the sample
mean would fall within a range that includes the population mean.

• In the above image, the interval in red does not contain the population mean.

https://blogs.baruch.cuny.edu/marxequantsupport/
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• Please note that a 95% confidence interval does not mean that µ falls in the confidence interval
95% of the time; after all, µ either falls in the confidence interval or it doesn’t.

• Again, a 95% confidence interval means only that if we kept on taking samples from the population,
95% of the time the sample mean would fall within a range that includes µ.

Statistical Inference

• The main idea in statistics and quantitative research is inference. That is, we use information
from samples to draw conclusions about the population.

• A statistic is a number that describes a characteristic from a sample (e.g. sample mean), while
a parameter is a a number that describes a characteristic from the population (e.g. population
mean). (Note: the alliteration may make it easy to remember– sample statistic vs. population
parameter).

• We estimate population parameters based on sample statistics. A point estimate is a single
value estimate of a parameter based on a statistic (e.g. a sample mean is a point estimate of a
population mean). An interval estimate is a range of values where the parameter is expected
to lie. A confidence interval is the most common type of interval estimate.

Constructing Confidence Intervals

When σ is Known

• Firstly, we require that the sampling distribution of our statistic is normal. Let’s assume we are
interested in the mean and thereby the sampling distribution of X.

• Recall our z-score formula in this case:

z =
x− µX

σX

=
x− µ

σ√
n

=⇒ z(
σ√
n
) = x− µ

• From the above we observe a link between the difference between the sample mean and the
population mean, and multiplying the standard error (i.e. σX) by some appropriate z-value.

• Suppose we want a 95% confidence level. We will represent this with the letter c, so that c = 0.95.

• Now, we let α = 1 − c = 0.05. This is the level of significance; the probability that an event
could have occurred by chance, or the allowed probability of error.

• Hence,

95% confidence level =⇒ c = 0.95 =⇒ α = 1− c = 0.05 =⇒ α/2 = 0.025
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Note that the level of significance is divided into halves (i.e we use α/2 ) because we are looking
at the middle 95% of the area under the curve.

• Using a table/computer we can find zα/2 (known as the critical value) from α/2. So, for
α/2 = 0.025, we find that zα/2 = 1.96 and we construct our confidence interval (with
margin of error, E) as follows

point estimate ± margin of error

x± E

x± zα/2
σ√
n

, in general

x± 1.96
σ√
n

, for a 95% confidence interval

Also,

x± 1.645
σ√
n

, for a 90% confidence interval

x± 2.58
σ√
n

, for a 99% confidence interval
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An Example

• A sample of 25 cobble rocks (i.e. cobblestones) has a mean weight of 1.02 kg. Assuming the
weight is normally distributed, with a population standard deviation of 0.03 kg, construct a 95%
confidence interval for the mean weight of the cobblestones.

x± zα/2
σ√
n
= x± 1.96

σ√
n
= 1.02± 1.96

0.03√
25

= 1.02± 0.012 = [1.008, 1.032]

• Hence, we can say that 95% of the time, our samples have a mean weight that falls within an
interval (i.e. [1.008, 1.032]) which contains the value 1.02 (i.e. our population mean, µ).

• Or, in other words, we can say that with 95% confidence, the mean weight of all cobblestones
is between 1.008 and 1.032 kilograms.

Other Cases

When σ is Unknown

• If the population standard deviation is unknown (or the sample size is very small; n < 30), a dis-
tribution called the Student’s t-distribution is used in place of the typical normal distribution.
This latter distribution is very similar to the normal distribution, except more of its values/area
is in the tails (i.e. instead of the center).

• T-distributions are a family of distributions, where each distribution depends on its particular
degrees of freedom (note: the degrees of freedom will be equal to n − 1; the higher the d.f.,
the shorter/narrower the tails). To solve problems involve t-distributions by hand, we require an
appropriate table of values:
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point estimate ± margin of error

x± tα/2
s√
n

, with d.f. = n-1

Confidence Interval about the Population Proportion

• Recall the sample proportion,

p̂ =
x

n

where x is the number of elements in the sample with the characteristic you are interested in, and
n is the sample size.

• As usual, we will require a normally distributed population, which we can verify via the
following

np̂(1− p̂) ≥ 10

(i.e. the value on the left side of the equality must be greater than, or equal to,10)

point estimate ± margin of error

p̂± zα/2

√
p̂(1− p̂

n
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Focus Problems

(1) A sample of 25 cobble rocks (i.e. cobblestones) has a mean weight of 1.02 kg. Assuming the
weight is normally distributed, with a population standard deviation of 0.03 kg, construct a 90%
confidence interval for the mean weight of the cobblestones.

(2) A sample of 11 cobble rocks (i.e. cobblestones) has a mean weight of 1.02 kg and a standard
deviation of 0.03 kg. Assuming the weight is normally distributed, construct a 99% confidence
interval for the mean weight of the cobblestones.

(3) A new educational support program at a school is causing more students to graduate on time. It
is discovered that from a random selection of 500 students who were seniors last year (and who
used the support program), 421 have graduated. Construct a 95% confidence interval about the
graduation rate (of students who used the support program).

(a) Before this program was introduced, the graduation rate was only 75%. Can we say with
95% confidence that the graduation rate of students who use the program is higher than
75%?


