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LESSON 1: INTRODUCTION
What is Statistics?
PART A: OVERVIEW OF STATISTICS
A Statistical Experiment
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1) Designing an Experiment
2) Collecting Data
3) Describing Data
(Descriptive Statistics)
4) Interpreting Data
using
(Inferential Statistics)
Population [of interest]

2) ↘

←−−−−−−

Size: N elements (or members)
All adult Americans?
All registered voters in California?

↗ 4)
Sample

Size: n elements (or members)
For a poll? A scientific study?
Are we testing products for quality control?

3)
The population must be carefully defined. For example …
• Do “adult Americans” include undocumented immigrants?
• Different polls of “likely U.S. voters” use different models for the
purposes of screening poll respondents. Voter enthusiasm and
voting history may be issues.
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PART B: POPULATION DATA vs. SAMPLE DATA
If we manage to collect data from each element of the population, we have a
census.
Often, a census is impossible or impractical, so we collect data on only some
elements of the population. These elements make up a sample from the population.
PART C: EXAMPLES
Example 1 (A Census with Population Data: Presidents’ Ages)
Consider the 45 U.S. presidents through Donald Trump. We want to know
how old they were when they became president. With the help of the
internet, we can quickly conduct a census and obtain all the necessary
population data.
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Example 2 (Statistical Experiment Using Sample Data: A Poll)
The nation of Fredonia has 100,000 registered voters. We would like to
know the proportion of registered voters in Fredonia who want to re-elect
the president.
The Fredonia News Network (FNN) randomly calls 1000 registered voters
in Fredonia and asks them their opinion about re-electing the president.
570 of them (57%) say that they support the re-election of the president.
• a) What is the population of interest in this experiment?
• b) What is the population size, N ?
• c) What is the sample in this experiment?
• d) What is the sample size, n ?
• e) Describe the sample results.
• f) Based on the sample results, what might we infer about the population?
§ Solution
• a) What is the population of interest in this experiment?
The population consists of all registered voters in Fredonia.
• b) What is the population size, N ?
The population size, N = 100,000
• c) What is the sample in this experiment?
The sample consists of the registered voters in Fredonia called by
FNN.
• d) What is the sample size, n ?
The sample size, n = 1000
• e) Describe the sample results.
570 of the 1000 called voters (57%) say that they support the
re-election of the president.
• f) Based on the sample results, what might we infer about the population?
We might infer that about 57% of all registered voters in Fredonia
support the re-election of the president.
§
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LESSON 2: SAMPLING METHODS
How Do We Pick ‘Em? (… And What Do We Ask?)
PART A: WHAT MAKES FOR A “GOOD” (OR “BAD”) SAMPLE?
When selecting a sample from a population, we want the sample to be
representative of the overall population.
We do not want the sample to be biased in one way or another.
A common problem in practice is the use of overly homogeneous samples in which
the elements within the sample are much more similar than is the case within the
overall population.
• For example, you wouldn’t want to restrict your sample to a single state if you
wanted to study the national popularity of the president.
• You also wouldn’t want to restrict your sample to your neighborhood … or to the
next five people you happen to talk to. These are examples of convenience
sampling, which is usually not as accepted as the following sampling methods.
PART B: SIMPLE RANDOM SAMPLING
We will typically assume that a sample from a population is a simple random
sample (SRS). When constructing an SRS of size n, each group of n elements in
the population is equally likely to be our selected sample of n elements.
Example 1 (SRS)
If n = 4 , then the two samples below (each represented by four black
squares) are equally likely to be selected:

§
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Example 2 (SRS: Presidents’ Ages and Random Number Generation)
Here is the census of presidents’ ages we saw in Lesson 1. This may seem
overwhelming!

We may prefer to look at an SRS of size, say, n = 5 . We could use a random
number generator to pick five distinct (different) random integers between 1
and 45. We could then construct our SRS by selecting the five presidents
based on these integers and the presidents’ order (sequence) numbers in the
list.
Let’s say a random number generator gives us the integers:
4, 11, 13, 24, and 34.
We can then take the shaded entries below as our SRS.

Stat Trek can be used to generate random integers between 1 and 45.
• Click on the blue “Random Number Generator” button.
• After “How many random numbers?”, enter 5.
• After “Minimum value,” enter 1.
• After “Maximum value,” enter 45.
• After “Allow duplicate entries,” use the pull-down menu to select
“False,” since we do not want the possibility of getting repeated
integers. We want to sample without replacement (this is usually
assumed); once a president is selected, he cannot be selected again.
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• After “Seed,” you can put in a number or not. This helps determine
what numbers the generator actually selects. If you want to repeat the
same group of numbers, use the same seed.
•• “Random number generators” such as the one on Stat Trek
are really pseudorandom number generators; an algorithm
really determines what numbers are selected.
§
PART C: SYSTEMATIC SAMPLING
In systematic sampling, the elements of the population are ordered, and, after some
point, every kth element is selected (where k is some integer greater than 1).
Example 3 (Systematic Sampling)
We can select every third person that enters a particular bookstore on a
particular day. Here, k = 3 .
Skip Skip Select Skip Skip Select Skip Skip Select
§
Example 4 (Systematic Sampling: Presidents’ Ages)
We can select every ninth president to form a systematic sample.
Here, k = 9 .

§
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PART D: CLUSTER SAMPLING
In cluster sampling, the members of the population are organized into groups,
called clusters. (Each member is assigned to exactly one cluster.) Clusters are
randomly selected. The members of these selected clusters form our sample.
Example 5 (Cluster Sampling: Presidents’ Ages)
Let’s organize the 45 presidents below into five clusters.
We could randomly select two clusters, say the third and the fifth.
The 18 presidents in those two clusters would form our sample.

§
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PART E: STRATIFIED SAMPLING
In stratified sampling, the members of the population are organized into groups,
called strata. (Each member is assigned to exactly one stratum.) Within each
stratum, members are randomly selected. The selected members from the various
strata form our sample.
The nature of the grouping in stratified sampling may be more meaningful than
in cluster sampling. For example, in a stratified political poll, the population of
voters may be divided into strata based on income level.
Example 6 (Stratified Sampling: Presidents’ Ages)
Let’s organize the 45 presidents below into five strata.
Within each strata, we can randomly select two presidents.
The 10 selected presidents from the five strata would form our sample.

(The chronological grouping could be justified by the fact that medicine has
generally advanced over the years.)
§
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PART F: MORE EXAMPLES
Example 7 (Identifying Sampling Methods)
For each scenario below, determine whether the sampling method used is
closest to: simple random sampling, systematic sampling, cluster sampling,
or stratified sampling.
• a) A teacher walks around a classroom and selects every fourth student to
go up to the board.
• b) A teacher has 30 students in a classroom. The teacher holds a bag with
30 poker chips. The chips are similar, except that 5 of them are green and 25
of them are brown. Each student randomly selects a chip from the bag
without replacement (chips are not returned into the bag). The five students
with the green chips will go up to the board.
• c) A classroom consists of six rows of students. Two of these rows are
randomly selected, and the students in these rows go up to the board.
• d) A classroom consists of six rows of students. Two students from each
row are randomly selected. All 12 selected students go up to the board.
• e) A high school classroom consists of four class levels: freshmen,
sophomores, juniors, and seniors. Three students from each class level are
randomly selected. All 12 selected students go up to the board.
§ Solution
• a) Systematic sampling
• b) Simple random sampling
• c) Cluster sampling
(Each row of students is a cluster.)
• d) Stratified sampling
(Each row of students is a stratum.)
• e) Stratified sampling
(Each class level of students is a stratum. This may be a better
example of stratified sampling than d) because the division of students
by class level may be more meaningful here.)
§
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PART G: BIASED SAMPLES and BIASED QUESTIONS
A “good” survey will avoid biased samples and biased questions.
• Internet “click-in” polls usually have self-selected samples in which the
respondents decide who is in the poll – themselves! These samples tend to be
biased towards enthusiastic respondents who have ready internet access.
• Some political polls are push polls that are intended to sway respondents.
• Leading questions are worded in a manner that is intended to favor some
responses over others. Push polls use leading questions.
• When asking a question, even the order of the possible choices can affect the
results. To avoid this potential source of bias, some surveys mix up the order of the
choices among the respondents. (Different respondents may get the choices in a
different order.)
FOOTNOTES (OPTIONAL)
#1) Random sampling. When constructing a random sample in general, each individual element
is equally likely to be among those selected for the sample, but some groups of n elements may
be more likely to be selected than others. Selections could be linked.
#2) Systematic random sampling. This is a type of systematic sampling in which the first
member of the sample is randomly selected among the first k members of the population.
Then, every kth member after that is also selected. Many sources simply call this “systematic
sampling.”
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LESSON 3: TYPES OF DATA
What are We Collecting?
PART A: DATA: VARIABLES and VALUES
Example 1 (Variable and Values: Presidents’ Ages)
The variable of interest below is age (more precisely, the age at which a
president became president).
The values of this age variable (57, 61, etc. in years) vary from member to
member in the population. The values for the members make up our data set.

§
PART B: QUANTITATIVE, QUALITATIVE, ORDINAL, and BINARY DATA
In a statistics class, we mostly work with quantitative data, the most common form
of numerical data. The age data in Example 1 is quantitative.
Qualitative data tends to be non-numeric, such as political parties, favorite colors,
etc. The terms nominal data and categorical data are also used.
Ordinal data, for which there is a sense of order, could be considered qualitative or
quantitative, although ideas such as “twice” and “half” might not make sense.
• Grades such as A, B, C, D, and F are ordinal data, and they can be recoded
numerically as 4, 3, 2, 1, and 0 grade points, respectively. There is a sense
of order; for example, an “A” is better than a “B,” which in turn is better
than a “C.” Grades may not be “purely” quantitative; it may be awkward to
say that a C (worth 2 grade points) is “half” of an A (worth 4 grade points).
• Similarly, Likert scales involve ratings such as “Strongly Agree,” “Agree,”
…, “Strongly Disagree.”
Binary data could involve “Yes/No” responses to questions. Again, this data could
be considered qualitative or quantitative (“Yes” could be recoded as 1; “No” could
be recoded as 0).
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PART C: QUANTITATIVE DATA: DISCRETE vs. CONTINUOUS
Quantitative variables can be discrete or continuous. It’s like the difference
between throwing ice cubes in a cup vs. filling the cup with flowing water.
A discrete variable has possible values that can be listed. There are always gaps
between these possible values.
A continuous variable has possible values that vary smoothly over an interval.
Each distinct pair of possible values has another possible value in between.
Example 2 (Discrete vs. Continuous Variables)
Classify each variable as discrete or continuous.
• a) The number of residents in a household.
• b) The “number” (the number of dots) appearing on a rolled six-sided die.
• c) The height of a student.
• d) The age of a president.
§ Solution
• a) The number of residents in a household.
The variable is discrete. A counting variable such as this can only take
on nonnegative integer values: 0, 1, 2, 3, ….
• b) The “number” (the number of dots) appearing on a rolled six-sided die.
The variable is discrete. Its only possible values are 1, 2, 3, 4, 5, and
6.
• c) The height of a student.
The variable is continuous. A student could have a height of 1.9
meters, 1.99 meters, 1.999 meters, etc.
• d) The age of a president.
The variable is continuous. A president could be 49 years old, 49.9
years old, 49.99 years old, etc. It is easy to mistake this for a discrete
variable because we tend to round ages down to integer values.
§
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DESCRIPTIVE STATISTICS
How can we efficiently and effectively summarize and organize data or
compare data from two or more populations?

LESSON 4: FREQUENCY and RELATIVE FREQUENCY
TABLES
How Many? How Often?
PART A: FREQUENCY TABLES and DISTRIBUTIONS
Example 1 (Frequency Table and Distribution: Presidents’ Ages)

We will construct a frequency table for the presidents’ ages.
This table will describe the frequency distribution of the ages.
We will organize the ages into eight classes of the same size.
The frequency of each age class is the number of presidential ages that lie
within that class.
We can use tally marks to help us figure out the frequencies.
Age class
(years)
35-39
40-44
45-49

Frequency

|||| ||

0
2
7

50-54

|||| |||| |||

13

55-59

|||| |||| ||

12

60-64
65-69
70-74
§

Tally
(optional)
||

7
|||
3
|
1
Good to check à Sum = N = 45
|||| ||
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PART B: RELATIVE FREQUENCY TABLES
Example 2 (Relative Frequency Table: Presidents’ Ages)
We will construct a relative frequency table for the presidents’ ages.
The relative frequency of each age class is obtained by dividing the
corresponding frequency by N, which is the population size. (For sample
data, we would divide by n, the sample size.) Here, N = 45 . The decision to
round off relative frequencies to three decimal places was an arbitrary one.
Age class
Relative
Frequency
(years)
Frequency
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74

0
2
7
13
12
7
3
1
Sum = N

0
0.044
0.156
0.289
0.267
0.156
0.067
0.022
Sum = 1

Relative
Frequency
(as a percent)
0%
4.4%
15.6%
28.9%
26.7%
15.6%
6.7%
2.2%
Sum = 100%

= 45
If we add the entries in the Relative Frequency column, we actually get
1.001, but that can be explained by roundoff errors. §
Example 3 (Relative Frequency Table: Presidents’ Parties)
Frequency and relative frequency tables can also be constructed for
qualitative data, such as the presidents’ political parties.
In the table below: D = Democratic, R = Republican, W = Whig, O = Other.
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Party

Frequency

Democratic (D)

16

Republican (R)

19

Whig (W)

4

Other (O)

6

Sum = N
= 45

Relative
Frequency

16
≈ 0.356
45
19
≈ 0.422
45
4
≈ 0.089
45
6
≈ 0.133
45

Sum = 1

Relative
Frequency
(as a percent)
35.6%
42.2%
8.9%
13.3%

Sum = 100%

§
FOOTNOTES (OPTIONAL)
#1) Trailing zeros. If you are asked to round off a result to three decimal places and you obtain
0.140, go ahead and report 0.140, not just 0.14. If you have the right to claim accuracy to three
decimal places, go ahead and claim it by writing 0.140.
#2) Class limits and class marks. Let’s say we ask students how many contacts they have
stored on their smartphones. One class (of numbers of contacts) could be “between 40 and 59
contacts, inclusive”; inclusive means that 40 and 59 contacts are both included in the class.
40 contacts would be the lower class limit because it is the least value permitted in the class.
59 contacts would be the upper class limit because it is the greatest value permitted in the class.
40 + 59
= 49.5 contacts;
The class mark would be the average of the class limits:
2
this is the midpoint of the class. We will use class marks in Lesson 8.
#3) Class widths. Refer to #2). Let’s say the next-higher class is “between 60 and 79 contacts,
inclusive.” The class width of the “40 to 59 contacts” class would be 20 contacts; it is the
difference between 60 contacts (the lower limit of the next-higher class) and 40 contacts
(the lower limit of the “40 to 59 contacts” class).
#4) Software. Refer to #2), which involves discrete data. Software may work better with
continuous data. Software may treat 39.5 and 59.5 contacts as the class limits for the “40 to 59
contacts” class.

