Chapter 1 
The Role of Statistics

1.1 Reasons to Study Statistics

Statistical techniques are used in diverse fields: business, medicine, agriculture, social sciences, natural sciences, applied sciences, and so on. For example, (1) insurance companies use statistical techniques to set auto insurance rates; (2) casinos use statistical techniques to design games to ensure that they will win in the long run; (3) researchers find out support rate of candidates for an election by a poll.

1.2 Basic Concepts

Statistics  ( The science of collecting, analyzing, and drawing conclusions from data.

Descriptive statistics( Numerical, graphical, and tabular methods for summarizing data.

Inferential statistics ( Methods for generalizing conclusions from a sample to the population from which it was selected. (When we generalize conclusions in this way, we run the risk of an incorrect conclusion, since a conclusion about the population will be reached on the basis of incomplete information.)

Population ( The entire collection of individuals or objects about which information is desired.

Sample ( A subset of the population, selected for study in some prescribed manner.

Example 1.1 Find out support rates of candidates for an election.

If it is an election for the president of US, then 

? = {all US citizens with election right}

? = {1,000 selected US citizens with election right}

Question: If it is an election for governor of Arizona State, what is the population?

If we summarize the support rates in the sample by a pie chart, it is ? statistics.
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Figure1.1 Pie chart for the support rates in the sample
If we generalize this conclusion to the population, it is ? statistics.
1.3 The Role of Variability

Populations with no variability don’t exist. We cannot imagine that all people in the world have the same height; all students in a class got the same score in an exam; all people supported one candidate in an election. It is variability that makes life interesting and statistics necessary.

Question: Is there any risk of error for us to draw conclusions about a population without variability based on a sample? 
1.4 Types of Data

A variable ( Any characteristic whose value may change from an individual to another.

Categorical data ( Each observation is a categorical response.

Numerical data (  Each observation is a number. 
Discrete data ( Numerical data whose possible values are isolated points on the number line.

Continuous data ( Numerical data whose possible values forms an entire interval on the number line.
A univariate data set ( A data set consisting of observations on a single attribute.

A bivariate data set (A data set consisting of observations on two attributes simultaneously.

A multivariate data set ( A data set consisting of observations on two or more attributes.

Example 1.2 Population = {all students in a class}

Variables: Height, weight, Gender, Score of some course.

Observations on score of some course result in 

{86, 93, 95, (, 74, 62}, a ? data set.

Observations on gender and score of some course result in                              

{(F, 86), (M, 93), (F, 95), (, (F, 74), (M, 62)}, a ? data set.

Observations on height, weight, gender, and score of some course result in 

{(66.5, 132.8, F, 86), (76.3, 178.2, M, 93), (62.8, 118.1, F, 95), (, (78.8, 182.5, M, 62)}, a ? data set.

Suppose that the scores can only be nonnegative integers less than or equal to 100. Then the data of students’ scores is ?. The data of students’ heights or weights is ?. 

1.5 Displaying Categorical Data
(1) Frequency distributions 

The frequency for a category ( the number of times the category appears in the data set.

The relative frequency for a category ( the fraction or proportion of the time that the category appears in the data set.

Relative frequency = Frequency ( Total number of observations.

A frequency distribution for categorical data ( a table that displays the possible categories along with the associated frequencies or relative frequencies. When the table includes relative frequencies, it is sometimes called a relative frequency distribution.

Example 1.3 The following are the ticket class records of the passengers and crew aboard the Titanic.

Third   Crew   Third   Crew   Crew   Second, (, Crew   First   Third   Crew.
Table 1.1 Frequency distribution for the ticket class data

	Class
	Frequency
	Relative Frequency

	First

Second

Third

Crew
	325

285

?

885

​​​​​​​((
2201
	?

0.13

0.32

0.40

((
1.00


(2) Bar charts

A bar chart is a graph of the frequency distribution of categorical data, showing frequency or relative frequency for each category.

When to use: Categorical data.

How to construct: 

1. Draw a horizontal line, and write the category names or labels below the line at regularly spaced intervals.

2. Draw a vertical line, and label the scale using either frequency or relative frequency.

3. Place a rectangular bar above each category label. The height is determined by the category’s frequency or relative frequency, and all bars should have the same width. With the same width, both the height and area of the bar are proportional to the relative frequency.

What to look for: Frequency or relative frequency for each category.
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Figure 1.2 Bar chart of the ticket class

Bar charts can also be used to compare two or more groups visually. This is done by constructing two or more bar charts that use the same set of horizontal and vertical axes.  For such purposes, it is important to use relative frequency for the scale on the vertical axis. It is easy to discern differences between male and female aboard the Titanic with respect to ticket class from the following bar chart.
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Figure 1.3 Comparative bar chart of ticket class for male and female

Chapter 2

The Data Analysis Process and Data Collection
The first step in data analysis process is data collection. This step is critical because it determines the type of analysis and the conclusions that can be drawn.

2.1 The Data Analysis Process

1) Understand the nature of the problem.

2) Decide what to measure and how to measure it.

3) Collect the data.

4) Summarize the data and make a preliminary analysis.

5) Formally analyze the data.

6) Interpret the results

2.2 Observation and Experimentation

An observational study ( A study in which the investigator observes characteristics of individuals in one or more populations. 

An experiment ( A study in which the investigator observes how a response variable is affected by one or more factors (which are manipulated by the investigator).

· The difference between observational studies and experiments.

1) The usual goal of an observational study is to draw conclusions about the corresponding population or about differences between two or more populations. The usual goal of an experiment is to determine the effect of some factors on the response variable.

2) Both observational studies and experiments can be used to compare groups, but in an experiment the researcher controls who is in which group, whereas this is not the case in an observational study.

3) A well-designed experiment can result in data that provides evidence for a cause-and–effect relationship. However, in an observational study, it is impossible to draw cause-and-effect conclusions because we cannot rule out the possibility that the observed effect is due to some other variables, which are called confounding variables.

Confounding variable ( A variable that is related both to group membership and to the response variable of interest.

Factors (Explanatory variables.

A treatment (or experimental condition) ( Any particular combination of values for the explanatory variables.
An extraneous factor ( The factor that is not of interest in the current study but is thought   to affect the response variable.

Question: An experiment was carried out to study how some chemical reaction speed is affected by temperature and pressure. Identify the response variable and factors in the experiment.
Example 2.1 

a) A researcher was interested in whether smoking increases the chance for one to get lung cancer. He observed some smokers and nonsmokers, and compared their lung cancer incidences. This is an ?. A possible confounding variable is living environment.

b) A researcher was interested in effectiveness of a new medicine for some disease. He divided patients into two groups. One group was treated by the new medicine and the other was treated by the traditional medicine. Then he compared recoveries between the two groups. This is an ?. ? is the response variable. ? is a factor.

2.3 Sampling

A census ( Obtain information from an entire population. 

Generally we make an inference about the population based on information in a sample rather than a census. Naturally it is important that the sample be representative of the population. We should avoid various types of bias in sampling.

· Types of bias
Bias ( The tendency for samples to differ from the corresponding population in some systematic way.
Selection bias ( Tendency for samples to differ from the corresponding population as a result of systematic exclusion of some part of the population.

Measurement or response bias ( Tendency for samples to differ from the corresponding population because the method of measurement tends to produce values that differ from the true value.

Non-response bias( Tendency for samples to differ from the corresponding population because data is not obtained from all individuals selected for inclusion in the sample.

Question: Can we reduce bias by increasing sample size?

Example 2.2
(1) If we are interested in heights of students in a university but only male students are selected for inclusion in the sample, then ? bias will be caused.

(2) If in a poll, some individuals selected for inclusion in the sample do not respond, ? bias will arise.
(3) If in a poll, we prompt people to respond in a particular way, ? bias will be caused.

· Sampling methods

(I) Simple random sampling
A simple random sample of size n ( a sample that is selected from a population in a way that ensures that every different possible sample of size n has the same chance of being selected.

Note: The definition implies that every individual in the population has an equal chance       of being selected.

Sampling with replacement ( After an individual is selected for the sample, the individual is “replaced” back into the population and may therefore be selected again at a later stage.

Sampling without replacement ( After being included in the sample, an individual or object would not be considered for further selection.

Example 2.3
A class is made up of 40 students. A researcher selected 10 students by writing all 40 students’ names on slips of paper, mixing the slips, and picking 10. This is a simple random sampling. The sample is a simple random sample of size 10. Suppose all slips are put in a bag. If each selected slip is put outside the bag, it is a sampling without replacement. If the selected slip is replaced back into the bag after each selection, it is a sampling with replacement.

(II) Stratified random sampling

When a population is divided into some subpopulations, the subpopulations are called strata.
Stratified sampling ( Divide population into strata, then select a separate simple random sample from each of the strata.

Notes: 
1) Stratified sampling usually allows more accurate inferences about a population than does simple random sampling.

2) Stratified sampling would be worthwhile if, within the resulting strata, the elements are more homogeneous than the population as a whole.

In Example 2.3, if we divide the class into 5 groups,  then select a simple random sample of size 2 from each group. This is a stratified sampling. The 5 groups are strata.
Question: To study students’ heights, (1) stratify students based on gender; (2) stratify students based on the first letter of their last name (A – H, I – Q, R – Z). Which stratification scheme would be worthwhile?
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