Chapter 1 – Definitions – All is in your book – Not necessary to print
•
Data:

observations (such as measurements, genders, survey responses) that have been collected.

•
Statistics:



General Meaning: Methods for collecting existing data or for planning experiments, obtaining data, 



and then organizing, summarizing, presenting, analyzing, interpreting and drawing 




conclusions based on the data.


Specific Meaning: A numerical quantity calculated from a data sample (mean, median, proportion, 



etc.)
•
Population: 
the complete collection of elements (scores, people, measurements, etc.) to be studied

•
Census:
collection of data from every element in a population

•
Sample:
a sub-collection of elements drawn from a population

•
Parameter:
a numerical measurement describing some characteristic of a population

•
Statistic:
a numerical measurement describing some characteristic of a sample (mean, median, 



proportion, etc.)
Identifying population, samples and data sets

· In a recent survey, 1708 adults in the US were asked if they think global warming is a problem that requires immediate government action. 939 of the adults said yes.

Population: responses of all adults in the US

Sample: responses of the 1708 surveyed



Data set: 939 yes and 769 no’s

· The US Department of Energy conducts weekly surveys of approximately 800 gasoline stations to determine the average price per gallon of regular gasoline. On February 12, 2007, the average price was $2.24 per gallon. 

Population: prices per gallon of regular gasoline at all gas stations in the US

Sample: prices per gallon of regular gas at the 800 surveyed stations

Data set: 800 prices

Distinguishing between a Parameter and a Statistic

· A recent survey of a sample of MBAs reported that the average salary for an MBA is more than $82,000

· From a sample: statistic

· Starting salaries for the 667 MBA graduates from the University of Chicago Graduate School of Business increased 8.5% from the previous year

· From a population: parameter

· In a random check of a sample of retail stores, the Food and Drug Administration found that 34% of the stores were not storing fish at the proper temperature

· From a sample: statistic

· Descriptive Statistics: Involves methods of organizing, picturing, and summarizing information from samples 

or populations
· Inferential Statistics: involves methods of using information from a sample to draw conclusions regarding 
populations
Descriptive and Inferential Statistics

· A large sample of men, aged 48, was studied for 18 years. For unmarried men, approximately 70% were alive at age 65. for married men, 90% were alive at age 65 (Source: The Journal of Family Issues)

· Descriptive

· A possible inference: being married is associated with a longer life for men

· In a sample of Wall Street analysts, the percentage who incorrectly forecasted high-tech earnings in a recent year was 44% (Source: Bloomberg News)

· Descriptive

· A possible inference: stock market is difficult to forecast, even for professionals

· A survey conducted among 1017 men and women by Opinion Research Corporation International found that 76% of women and 60% of men had had a physical examination within the previous year.

· Descriptive

· A possible inference is that a higher percentage of women had a physical examination within the previous year

Excerpts from newspapers and journals

· People who eat three daily servings of whole grains have been shown to reduce their risk of stroke by 37%

· Seventy percent of the 1500 US spinal cord injuries to minors result from vehicle accidents, and 68 percent of those injured were not wearing a seatbelt

· US coal production, which increased by 2.5% in 2006, is expected to fall by 3.1 % in 2007

How Do Sample Statistics Relate to Population Parameters? Margin of error

According to Nielsen Media Research, 14% of the people in the 5,000 homes in its sample watched the Super Bowl (year 2002)

14% is a sample statistic, but what Nielsen really wants to know is the corresponding population parameter, which is the percentage of all Americans who watched the Super Bowl. The margin of error in this study is 1 percentage point. Thus, if 14% of the sample was watching the Super Bowl, then the range 13% to 15% is likely to contain the actual percentage of the population watching the Super Bowl

CLONING HUMANS

The Pew Research Center for the People and the Press conducted a survey that involved interviewing 1546 adult Americans about whether they believed that humans would be cloned within the next 50 years. 51% say “definitely yes” or “probably yes”. The margin of error was 3 percentage points. 

Describe the population, the sample for this survey and explain the meaning of the sample statistic 51%. What range of values is likely to contain the true percentage of adult Americans who believe that humans would be cloned within the next 50 years? Is it accurate to say that a majority of adult Americans think that humans will be cloned in the next 50 years? 

Types of Data

•
Quantitative data:
consist of numbers representing counts or measurements 



•
Discrete:
data which results from either a finite or countable infinite (1, 2, 3,...) number of 





possible values.  



•
Continuous:   data which results from infinitely many possible values that can be associated 





with points on a continuous scale in such a way that there are no gaps, 







interruptions, or jumps. There will always be another value between any two 






values.
•
Qualitative (categorical or attribute) data:
nonnumeric data that can be separated into different 



categories

Levels of Measurement

•
Nominal:
characterized by data that consist of names, labels, or categories only. Data cannot be 




arranged in an ordering scheme (such as low to high), or order is not meaningful.

•
Ordinal:
involves data that may be arranged in some order, but differences between data values either 




cannot be determined or are meaningless

•
Interval:
like the ordinal level, with the additional property that we can determine meaningful amounts 




of differences between data. However, there is no natural zero starting point (where none of 



the quantity is present). Ratios are not meaningful.
•
Ratio:
the interval level modified to include the natural zero starting point where zero indicates that 




none of the quantity is present. For values at this level, differences and ratios are meaningful.

Uses of Statistics

All fields of study. (Music, poetry, literature, etc)
Some Abuses of Statistics

•
Small Samples 


•
Misleading Graphs

•
Loaded Questions

•
Order of Questions

•
Refusals

•
Self Interest Study

•
Partial Pictures

•
Deliberate Distortions

•
Poorly Chosen Samples




Self-selected survey (or voluntary response sample): 






One in which the respondents themselves decide whether to be included

Biased sample = Not representative of the population

Examples of non-representative samples:

· Call in surveys in TV shows

· Volunteer response-mail surveys

They may be convenient but they are biased

Representative Sample for Heights

Suppose you want to determine the mean height of all students at your school. Which is more likely to be a representative sample, the men’s basketball team or the students in your statistics class?

Biased Samples

WHY USE NIELSEN?

Nielsen Media Research earns money by charging television stations and networks for its services. For example, NBC pays Nielsen to provide ratings for its television shows. Why doesn’t NBC simply do its own ratings, instead of paying a company like Nielsen to do them?

The cost of advertising on a television show depends on the show’s ratings. The higher the ratings, the more the network can charge for advertising. Thus, NBC has a financial stake in the ratings, giving it a clear bias if it conducts its own ratings. Advertisers would therefore not trust ratings that NBC produced on its own. By hiring an independent source, such as Nielsen, NBC can provide information that advertisers will believe.

Data Collection
•     Observational Study:    we observe and measure specific characteristics without attempting to modify the 

subjects being studied


1)  Cross-sectional study:  data are measured at one point in time.


2)  Retrospective (or case-control) study:  go back in time to collect data.


3)  Prospective study:  go forward in time and observe groups sharing common factors.

•     Experiment:     we apply some treatments and then observe its effects on the subject


Key elements in the design of experiments:



Control effects of variables through: 




Blinding   (placebo effect, double-blind)         






Blocks
          



Completely randomized experimental design




Rigorously controlled experimental design


•     Simulation:     use of mathematical or physical model to reproduce the conditions of a situation
Example: automobile manufacturers use simulations with dummies to study the effects of crashes on humans
•     Survey:     They may be done by interview, mail, telephone, etc
Definitions

•     Confounding:     
occurs in an experiment when the effects from two or more variables cannot be 






distinguished from each other

•     Replication: 
a sufficient number of subjects should be used to ensure that randomization creates 





groups that resemble each other closely and to increase the chances of detecting 





differences among the treatments when such differences actually exist.




(Instead of being misled by erratic behavior of samples that are too small)

•     Sampling Error:     Is the difference between a sample result and the true population result

•     Non sampling Error:     
Occurs when the sample data that are incorrectly collected, recorded or analyzed






(such as by selecting a biased sample, using a defective instrument, or copying 






the data incorrectly)

Methods of Sampling

•     Random sample: 

Members of the population are selected in such a way that each has an equal 





chance of being selected.

•     Simple random sample: 
Subjects selected in such a way that every possible sample of size n has 






the same chance of being chosen.

•     Systematic sampling:

Sampling according to some pattern such as selecting some starting point 






and then selecting every kth element in the population

Systematic sampling

QUALITY CONTROL

You are testing the quality of microchips produced by Intel. As the chips roll off the assembly line, you might decide to test every 50th chip

MUSEUM ASSESSMENT

When the National Air and Space Museum wanted to test possible ideas for a new solar system exhibit, a staff member interviewed a sample of visitors selected by systematic sampling. She interviewed a visitor exactly every 15 minutes, choosing whoever happened to enter the current solar system exhibit at that time.

•     Convenience sampling:
Use results that are readily available

Convenient sample

SALSA TASTE

A supermarket wants to find out whether it should carry a new brand of salsa, so it offers free tastes at a stand in the store and asks people what they think of the salsa.

This sample is unlikely to be representative of all shoppers because it probably includes only people who like salsa. However, because the store wants to determine whether to carry the new brand of salsa, the population of interest consists only of salsa eaters. Thus, this convenience sample may well be representative of the population of interest

•     Stratified sampling:
Subdivide the population into subgroups that share the same characteristic, 






then draw a simple random sample from each stratum. (The same characteristic 

may be a particular age group)
Stratified samples

PRESIDENTIAL ELECTION

You are conducting a poll to predict the outcome of the next US presidential election. The population under study is all likely voters. Since presidential elections are decided by electoral votes cast on a state-by-state basis, you will get a better prediction if you determine voter preferences within each of the 50 states. Thus, your overall sample ought to consist of separate random samples from the 50 states.

UNEMPLOYMENT

The Labor Department surveys 60,000 households each month to compile its unemployment report. To select these households, the Department first groups cities and counties into about 2,000 geographic areas. It then randomly selects households to survey within these geographic areas. This method of sampling is important because unemployment rates are likely to differ in different geographic regions. In this way we ensure that the sample fairly represents all geographic regions. (Rural Kansas different from Silicon Valley)

•     Cluster sampling:

Divide the population into sections (or clusters); randomly select some of those 






clusters, and then choose all members (or a random sample) from the selected 






clusters. Example: Geographic groupings and each cluster should consist of 

members with all of the characteristics (example: all age groups)
Cluster samples

ORGANIC FARMING

Imagine that you work for the Department of Agriculture and wish to determine the percentage of farmers who use organic farming techniques. You might decide to select a few dozen counties at random from across the US and then survey every farmer in each of those counties. Each county contains a cluster of farmers, and the sample consists of every farmer within the randomly selected clusters. (a random sample will be more costly to visit farms that are located far from one another)

GASOLINE PRICES

If you want to know the mean price of gasoline at gas stations located within a mile of rental car return locations at airports, you could randomly select a few airports around the country. For these airports, you would check the gasoline price at every gas station within a mile of the rental car return location.
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