Ch2 Producing Data

Chapter 2. Producing Data
2.1 Introduction
4 steps of the scientific method

Step 1 : Formulate a theory

Step 2 : Collect data to test the theory (Ch2 & Ch3)
Step 3 : Summarize the results

Step 4 : Interpret the results and make a decision

2.2 & 2.3 Why Sample? & The Language of Sampling
DEFINITIONS
population : the entire group of objects or individuals under study, 
about which information is wanted.

unit : an individual object or person in the population

(subject : an individual person in the population is often called subject.)
sample : a part of the population that is actually used to get information

(census : a sample consisting of the entire population)
variable : a characteristic of interest to be measured for each unit in the sample.

NOTATIONS
N : the size of the population
n : the size of the sample
DEFINITIONS
parameter : a numerical value that would be calculated using all of the values 


of the units in the population

statistic : a numerical value that is calculated using all of the values of 
the units in a sample
2.4 Good Data?

SAMPLE
convenience sample : a sample consisting of units of the population that are
 easily accessible
volunteer sample : a sample consisting of units of the population that chose to 
respond
BIASED : a sampling method is biased if it produces results that systematically 
differ (in one direction) from the truth about the population.
TYPES OF BIASES
selection bias : the systematic tendency on the part of the sampling procedure 
to exclude or include a certain type of unit
nonresponse bias : the distortion that can arise because a large number of units 

selected for the sample do not respond or refuse to respond, and these 

nonresponders have a tendency to be different from the responders
response bias : the distortion that can arise because the wording of a question 
and the behavior of the interviewer can affect the responses received
Probability Sampling Method : a sampling method that gives each unit in the
 population a known nonzero chance of being selected
Types of Probability Sampling Method (2.5~2.9)
sample random sampling
stratified random sampling
systematic sampling
cluster sampling
(multistage sampling)
2.5 Simple Random Sampling
Simple Random Sample of size n : Every possible sample of the same size has the same chance of being selected.
Simple random samples are often used in sample surveys or polls.
with replacement / without replacement
Example 
A class consists of 100 students. Each student is assigned one and only one of the numbers 00, 01,…,99. Suppose that a box contains 100 tags, each tag having one of these numbers. Someone shakes the box well, and with a blindfold on, reaches in and withdraws 20 different tags simultaneously. The students assigned these numbers are taken as the sample.
(a)  Is this a simple random sample from the class? 
(b)  If your answer in part (a) is “Yes” is the sample drawn with or without replacement?
Example
There are 4 students in the class. We select 2 students for the sample. 
(a) What is the size of the population?

(b) What is the size of the sample?
(c) What is the chance that a particular student will be in the sample?
2.6 Stratified Random Sampling
Stratified random sample
A stratified random sample is selected by dividing or stratifying the population into mutually exclusive subgroups (strata) and taking a simple random sample of units from each stratum. 
Example
To collect a stratified sample of the people who live in Suffolk County, we could divide the households into 3 groups : 
Low Income, Middle Income, High Income
Then, we randomly select households from each level. In addition, if we know that 50% of the households are low income, 40% are middle income and 10% are high income, then it makes sense to choose our sample such that it has approximately the same proportions. 
Overall Sample Estimate
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Example
Suppose that a population consists of four females with response values 1,2,3, and 4, and three males whose response values are 5,6, and 7. 
A simple random sample of size n=3 females results in the sampled responses {1,2,3} and thus an estimated stratum average of 2. A simple random sample of size n=2 males results in the sampled responses {6,7} for an estimated stratum average of 6.5. The female stratum has four population units. The male stratum has three population units. 
(a) Compute the overall weighted sample average.
(b) What is the overall average for the population?
2.7 Systematic Sampling
1-in-k systematic sample
You order the units of the population in some way and randomly select one of the first k units in the ordered list. This selected unit is the first unit to be included in the sample. You continue through the list selecting every k th unit from then on.
Example 
A fourth-grade class has 9 students. The first names of the students are listed in alphabetical order. 
Brenna, Don, Emily, Jason, Lee, Lisa, Michael, Nancy, and Ryan
(a) You wish to take a 1-in-4 systematic sample of students form this class list. Label the first four students 1 to 4. 
(b) List all names when the first selected label is “3”.
(c) How many students are in your 1-in-4 systematic sample? What would be your sample size if the first selected label had been a “4”?
Example (continued)
(a) What is the chance that Brenna will be selected?
(b) What is the chance that Michael will be selected?
(c) What is the chance that Ryan will be selected?
2.8 Cluster Sampling
Cluster Sampling
The units of the population are grouped into clusters in cluster sampling. One or more clusters are selected at random. If a cluster is selected, all of the units that form that cluster are included in the sample.
Example 
The College of Science at a certain university consists of five academic departments : Physics, Chemistry, Biology, Mathematics, and Geology. 
There are 50, 70, 20, 10, and 40 faculty members in the departments, respectively. It was decided to select a cluster sample of two departments. 
What is the size of your cluster sample?
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