Where Are We?

1. Identify the Question

A. Describe the problem B. State the question(s) C. Check the data format D. Re~ect on the study design 2. Analyze the Data

A. Identify the relevant variables B. Determine the appropriate analysis C. Conduct the analysis D. Interpret the results E. Consider whether additional analyses are necessary 3. Draw Conclusions from the Data A. Re-state the question(s) B. Answer the question(s) based on analyses. C. Evaluate the strengths and weaknesses

Gathering Good Data Gathering Data: Sampling

ffl Population: The entire group of people, animals, things that we want to learn about.

ffl Unit: Any individual in the population. Also called an observation, or just plain individual.

ffl Sample: A part of the population from which we actually collect information to learn about the population.

ffl Sampling Frame: A list of units from which we choose the sample.

ffl Variable: A piece of information measured in the same way for all units in the sample (or population).

Example: Public Opinion Polls Gallup, CBS/New York Times, USA Today, and other orgainzations, all conduct polls throughout the year asking people’s opinions about various issues of the day. In a typical poll,

ffl The population is all US Residents ages 18 and older. Noncitizens and even illegal immigrants are included.

ffl A unit is anyone living in the US.

ffl A sample is, say, 1000 persons interviewed by telephone.

ffl The sampling frame is a list of telephone numbers from which the sample is drawn.

ffl The variables are the answers that each person gives to the questions in the poll.

Example: Medical Survey Doctors studying the quality of care given to patients, say, at risk of heart disease, may study medical records and record how frequently doctors prescribed aspirin or beta-blockers.

ffl The population is all US patients at risk of heart disease.

ffl A unit is anyone seeing a doctor and at risk.

ffl A sample is, say, 3000 patients’ medical records from various hospitals around the country.

ffl The sampling frame is the set of all medical records available to the researchers.

ffl The main variable of interest is whether or not the physician prescribes aspirin or beta-blockers. Other variables that might be of interest include the patient’s level of risk, the size and quality of the hospital, the caseload of the doctor, etc.

Example: Internet Questionnaire To popularize its web site and perhaps to gather information tracking new trends in public opinion, the Gallup Organization used to offer the opportunity for anyone who came to http://www.gallup.com to ^ll out a survey form on issues of the day. The results would be updated regularly and reported on the web site.

ffl The population was unstated. But the nature of the questions suggested Gallup was interested in all US adult citizens.

ffl A unit was anyone living in the US.

ffl The sample was whatever group of people had ^lled out the survey form.

ffl The sampling frame was the set of all web users.

ffl The variables were the answers to the questions on the survey form.

What is Good Data?

ffl Bias is a systematic tendency for samples to deviate from the pattern of observations in the population.

ffl Precision consistency from one observation to the next in a sample.

A good sample has low bias and high precision.

Biased Sampling Methods There are two common ways to generate bias in samples:

ffl Wrong sampling frame, not identical to the population we want to learn about.

Ű Often caused by Şsamples of convenienceŤ. ffl Selection effect, the fact that the person is responding and the nature of the response are related somehow.

Ű usually caused by Şvoluntary response samples.Ť

Simple Random Samples (SRS’s) Guaranteed (by math!):

ffl To be unbiased for their sampling frame. ffl To allow calculation of the precision (via Şsquare root lawŤ).

A simple random sample (SRS) of size n from a population, chosen in such a way that every possible set of size n is equally likely to be chosen.

One way to make a simple random sample Şby handŤ is as follows:

1. Label. Number all the units in the sampling frame from 0 to the max, but make sure each unit has the same number of digits

ffl if there are less than 100 units, number them 00, 01, ...

ffl if there are less than 1000 units, number them 000, 001, ...

and so forth. 2. Table.

ffl Start anywhere in a table of random digits and circle successive groups (pairs or triples or whatever) of numbers.

ffl Take units whose numbers are drawn in this way for your sample (no repeats!).

ffl If you circle a number that is not on any of your units (say, you circle 37 even though there are only 30 units), just ignore it and go on to the next group.

Example: SRS The chess club has 11 members. University rules require a club executive committee of three members. To be fair, the club will select its executive committee as an SRS. The club members are:

Able Ernst Ibis Baker Forrest Jackson Caldwell Gibson Kellogg Darling Hanson

Making Good Comparisons

ffl An Observational study observes (measures variables for) inviduals but does not attempt to in~uence the responses.

Ű What is the pattern in the population? Ű E.g.: An opinion poll or sample survey.

ffl An experiment deliberately imposes some treatment on individuals in the study in order to observe their responses to treatment.

Ű Does the treatment cause a change in the response?

Ű E.g.: A randomized controlled drug trial.

Some vocabulary:

ffl Units, also called subjects.

ffl Response variable a variable we want to learn about by manipulating the treatment ffl Explanatory variable A variable that explains or causes changes in the response variable(s) ffl Treatement Any unique combination of explanatory variables.

Example: Computer Education To compare computer software that teaches reading with a standard reading curriculum, an educator tests the reading ability of a group of 60 fourth graders, then divides them into two classes of 30 students each. One class uses the computer, the other studies the standard curriculum. After a year, she retests the students and compares the average increases in reading ability in the two classes.

ffl What are the explanatory and response variables?

ffl Was this an experiment or an observational study?

ffl Will the results help us determine which method causes better learning (or are there lurking variables)?

Example: Treating breast cancer The most common treatment for breast cancer was once mastectomy (removal of the breast). It is now usual to remove the tumor and nearby lymph nodes, followed by radiation. To study whether these treatments differ in their effectiveness, a medical team examines the records of 25 large hospitals and compares the survival times after surgery of all women who have had either treatment.

ffl What are the explanatory and response variables?

ffl Was this an experiment or an observational study?

ffl Will the results help us determine which method causes longer survival (or are there lurking variables)?

What is a Good Comparison?

ffl Low bias

ffl High precision

ffl No counfounding

Ű A lurking variable is an important explanatory variable that you forgot to include in the study.

Ű Two variables (explanatory or lurking) are confounded when their effects on a response variable cannot be distinguished from each other.

ffl In observational studies we can seldom rule out lurking variables and other confounds, so it is unusual to be able to make a causal claim.

ffl In a well-designed experiment all lurking variables and confounds will be ruled out, so that causal explanations are possible.

Randomized Comparative Experiments Also known as randomized comparative trials (RCT’s), these are the simplest experiments that allow an unambiguous causal explanation.

ffl SRS (or something similar) to make sure that results re~ect the population of interest.

ffl Random assignment to produce groups that are similar in all respects before treatment is applied.

ffl Apply comparative treatments at the same time and under the same circumstances so any in~uences other than the treatment differences act equally on the two groups.

Therefore, differences due to the treatments alone, and generalize to the population.