Chapter 1:  Data Collection

Section 1.1:  Introduction to the Practice of Statistics
Objectives:  Students will be able to:  


Define statistics and statistical thinking

Understand the process of statistics


Distinguish between qualitative and quantitative variables


Distinguish between discrete and continuous variables

Vocabulary:  

Statistics – science of collecting, organizing, summarizing and analyzing information to draw conclusions or answer questions

Information – data

Data – fact or propositions used to draw a conclusion or make a decision
Anecdotal – data based on casual observation, not scientific research

Descriptive statistics – organizing and summarizing the information collected

Inferential statistics – methods that take results obtained from a sample, extends them to the population, and measures the reliability of the results

Population – the entire collection of individuals

Sample – subset of population (used in the study)

Placebo – innocuous drug such as a sugar tablet

Experimental group – group receiving item being studied

Control group – group receiving the placebo

Double-blind – experiment where neither the receiver of the item or the giver of the item knows who is in each group

Variables – characteristics of individuals within the population
Qualitative or categorical variables – allows classification of individuals based on some attribute or characteristic
Quantitative variables – numerical measures of individuals; that arithmetic operations can provide meaningful results
Discrete variable – Quantitative variable that has either a finite or countable number of possible values
Continuous variable – quantitative variable that has an infinite number of possible values that are not countable
Key Concepts:  The Process of Statistics
1. Identify the research objective

2. Collect information needed to answer the questions posed in the research objective
3. Organize and summarize the information

4. Draw conclusions form the information
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Homework:  pg : 9-13; 2, 7, 15-21, 27-33, 39, 42, 49
Section 1.2:  Observational Studies, Experiments, and Simple Random Sampling
Objectives:  Students will be able to:  


Distinguish between an observational study and an experiment

Obtain a simple random sample
Vocabulary:  

Census – list of all individuals in a population along with certain characteristics
Frame – a list of all individuals in a population

Observational Study – measures the characteristics of a population by studying individuals in a sample;  but does not try to influence the variable(s) of interest

Designed Experiment – applies a treatment to individuals (experimental units or subjects) and attempts to isolate the effects of the treatment on a response variable

Lurking variables – variables not identified in the study, but may be effecting the response variable
Simple random sample – every possible sample of size n has an equally likely chance of being selected from a population of size N
Key Concepts:

	Four sources of data:
	Four basic sampling techniques:

	1. Census
	1. simple random sampling

	2. Existing sources
	2. stratified sampling

	3. Survey sampling
	3. systematic sampling

	4. Designed experiments
	4. cluster sampling



Reasons for observational studies

1. To learn the characteristics of a population

2. To determine whether there is an association between two or more variables where the values of the variables have already been determined
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Homework:  pg 19 – 21; 9-18, 20, 21
Section 1.3:  Other Effective Sampling Methods
Objectives:  Students will be able to:  


Obtain a stratified sample

Obtain a systematic sample


Obtain a cluster sample

Vocabulary:  

Stratified sample – separating the population into nonoverlapping groups strata and then obtaining a simple random sample from each stratum.  Each stratum should be homogeneous (or similar) in some way.
Systematic sample – selecting every kth individual from the population; first selected individual is randomly selected from individuals 1 through k
Cluster sample – selecting all individuals within a randomly selected collection or group 

Convenience sample – sample in which data is easily obtained
Key Concepts:


Stratified and cluster sampling are different

Convenience sampling results are generally suspect
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1. Suggest how you might set up an appropriate random sampling scheme from drawing samples of  (a) trees in a forest, and (b) potatoes in a freight car loaded with sacks of potatoes.  In each case indicate some characteristic that might be studied.

2. How would you take samples of wheat in a wheat field (to determine average yield in bushels) if the field is square, each side of which is 1000 feet long, and if each sample is 
taken by choosing a random point in the square and harvesting the wheat inside a hoop 5 feet in diameter whose center is at the random point?

3.  An agency wishes to take a sample of 200 adults in a certain residential section of Plano. Come up with a simple way to obtain a random sample.  

Homework:  pg 30-32: 9-21 (odd only), 27, 30
Section 1.4:  Sources of Errors in Sampling
Objectives:  Students will be able to:  


Understand how error can be introduced during sampling
Vocabulary:  

Nonsampling errors – errors that result from the survey process.  Can be due to nonresponse of individuals selected, inaccurate responses, poorly worded questions, etc
Bias – nonsampling error introduced by giving preference to selecting some individuals over others, by giving preference to some answers by wording the questions a particular way, etc

Sampling errors – error that results from using sampling to estimate information regarding a population.  Occurs because a sample gives incomplete information about the population

Key Concepts:


Sources of nonsampling error:

1. Incomplete Frame

2. Nonresponse

3. Data Collection errors
a. Interviewer error

b. Misrepresented answers

c. Data-entry (input) errors

4. Questionnaire Design

a. Poorly worded questions

b. Inflammatory words

c. Question order

d. Response order
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Examples:

1. Airlines often leave questionnaires in the seat pockets of their planes to obtain information from their customers regarding their services.  Critique this method of gathering information.

2.  Give reasons why taking every tenth name from names under the letter M in a telephone book might or might not be considered a satisfactory random sampling technique for studying the income distribution of adults in a city.

3. During a prolonged debate on an important bill in the U.S. Senate, Senator Ferret P. Barfpuddle received 300 letters commending him on his stand and 100 letters reprimanding him for the same issue. He considered these letters as a fair indication of public sentiment on this bill. Comment on this. 

Homework:  pg 37-39:  11-22 (all), 24, 25
Section 1.5:  Design of Experiments
Objectives:  Students will be able to:  


Define designed experiment

Understand the steps in designing an experiment


Understand the completely randomized design


Understand the matched-pairs design


Understand the randomized block design

Vocabulary:  

Designed experiment – controlled study to determine effect of varying one or more explanatory variables on a response variable
Explanatory variables – often called factors
Factors – the item that is being varied in the experiment
Response variable – variable of interest (what outcomes you are measuring)
Treatment – any combination of the values for each factor 
Experimental Unit – person, object, or some other well-defined item to which a treatment is applied
Subject – an experimental unit (usually when it is a person – less inflammatory term)
Completely randomized design –

Match Pairs Design – experimental units are paired up; pairs are somehow related; only two levels of treatment 
Blocking – Grouping similar experimental units together and then randomizing the treatment within each group
Block – a group of homogeneous individuals

Confounding – when the effect of two factors (explanatory variables) on the response variable cannot be distinguished
Randomized block Design – used when the experimental units are divided into homogeneous groups called blocks.  Within each block, the experimental units are randomly assigned to treatments.
Key Concepts:


Steps in Experimental Design
1. Identify the problem to be solved

2. Determine the Factors that Affect the Response Variable

3. Determine the Number of Experimental Units

a. Time

b. Money

4. Determine the Level of Each Factor
a. Control – fix level at one predetermined value

b. Manipulation – set them at predetermined levels

c. Randomization – tries to control the effects of factors whose levels cannot be controlled
d. Replication – tries to control the effects of factors inherent to the experimental unit
5. Conduct the Experiment

6. Test the claim (inferential statistics)

Principles of Experimental Design
· CONTROL - the effects of lurking variables on the response, most simply by comparing several treatments.
· RANDOMIZATION - use impersonal chance to assign subjects to treatments. Randomization is used to make the treatment groups as equal as possible and to spread the lurking variables throughout all groups. The real question is whether the differences we observe are about as big as we’d get by randomization alone, or whether they are bigger than that. If we decide they are bigger, we’ll attribute the differences to the treatments. In that case we say the differences are statistically significant. 
· REPLICATION - repeat the experiment on many subjects to reduce the chance variation in the results. The outcome of an experiment on a single subject is an anecdote.     
                         Completely Random Design
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Completely randomized designs are the simplest statistical designs for experiments.  They are the analog of simple random samples. In fact, each treatment group is an SRS drawn from the available subjects.  A completely randomized design considers all subjects as a single pool.  The randomization assigns subjects to treatment groups without regard to such things as age, gender, health conditions, skill level, etc. This method ignores all differences since the randomization is expected to spread those differences equally across all treatment groups. Then randomization is used again to assign groups to particular treatments. 
Examples:

1.  A baby-food producer claims that her product is superior to that of her leading competitor, in that babies gain weight faster with her product. As an experiment, 30 healthy babies are randomly selected. For two months, 15 are fed her product and 15 are feed the competitor’s product. Each baby’s weight gain (in ounces) was recorded.   How will subjects be assigned to treatments? What is the response variable? What is the explanatory variable?
2.
Two toothpastes are being studied for effectiveness in reducing the number of cavities in children. There are 100 children available for the study. How do you assign the subjects? What do you measure? What baseline data should you know about?  What factors might confound this experiment? What would be the purpose of a randomization in this problem?   

3.
We wish to determine whether or not a new type of fertilizer is more effective than the type currently in use. Researchers have subdivided a 20-acre farm into twenty 1-acre plots.  Wheat will be planted on the farm, and at the end of the growing season the number of bushels harvested will be measured. How do you assign the plots of land? What is the explanatory variable? What is the response variable? How many treatments are there? Are there any possible lurking variables that would confound the results?

                      Matched Pair Design
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The matched-pairs method of sampling is used to compare TWO treatments.  This method reduces the variability within the samples since you are trying to match subject's characteristics as closely as possible. This makes it easier to detect differences within the two populations or treatments. 

Matched-pairs design is one kind of block design. A block is a group of experimental units that are similar is some way that affects the outcome of the experiment. In a block design, the random assignment of treatments to units is done separately within each block. 

Each block consists of just two units matched as closely as possible. These units are assigned at random to the two treatments by tossing a coin or reading odd and even digits from a random number table.  Alternatively, each block in a matched pair design may consist of one subject who gets both treatments one after the other. Each subject then serves as his or her own control. 

4.    Suppose that the experiment described in example #3 has been redesigned in the following way. Ten 2-acre plots of land scattered throughout the county are randomly selected. Each plot is subdivided into two subplots, one of which is treated with the current fertilizer and the other of which is treated with the new fertilizer. Wheat is planted and the crop yields are measured. How is this experiment different from that in example #3? What advantages are there for this method? Which treatment is acting as the control group? What information, if any, can be gained by having a control group? 

5. A local steel company wishes to test a new type of heat-resistant glove for workers who must handle the molten steel. The company randomly selects 100 workers to test the gloves over a four-month period. Design an optimal experiment that will test whether the new gloves are more effective in resisting heat that the current gloves. Can your experiment be blinded? Explain your reasoning.

6. A research doctor has discovered a new ointment that she believes will be more effective that the current medication in the treatment of shingles (a painful skin rash). Eighteen patients have volunteered to participate in the initial trials of this ointment. 

a) Is a placebo necessary?  Explain




b) Describe how you will conduct the experiment. Include an explanation of your randomization method. 






c) Can this experiment be double-blinded? Explain





d) To what population can your results be inferred? Explain. 





e) What if you had taken a random sample from all shingle-sufferers?  

7.
In order to determine the effect of advertising in the Yellow Pages, Southwestern Bell took a random sample of 10 retail stores that did not advertise in the Yellow Pages last year and recorded their annual sales. Each of the 10 stores took out a Yellow Pages ad this year and the annual sales were recorded as well. What kind of experiment was conducted?  Why is this method better than taking 20 stores and performing a completely randomized method?  

                                                       Randomized Block Design
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When the objective is to compare more than two populations, the experimental design that decreases the variability within the samples is called a randomized block design.  

Block designs in experiments are similar to stratified designs for sampling. Both are meant to reduce variation among the subjects. We use different names only because the idea developed separately for sampling and experiments.  Blocking also allows more precise overall conclusions, because the systematic differences due to gender or some other characteristic can be removed

 A block is a group of experimental units that are similar is some way that affects the outcome of the experiment. In a block design, the random assignment of treatments to units is done separately within each block.  Rather than treating the subjects as if they were in a single pool we split the subject population.
Blocks are used to control the effects of some extraneous variable (such as smoking, cholesterol level, weight, age, etc.) by bringing that variable into the experiment so that some of the variability in the experiment can be reduced.

A researcher should chose a variable that most highly correlates or has the strongest association with the response variable in the experiment. 
1.  An agronomist wishes to compare the yield of five corn varieties. The field, in which the experiment will be carried out, increases in fertility from north to south. Outline an appropriate design for this experiment.  Identify the explanatory and response variables, the experimental units, and the treatments. If it is a block design, identify the blocks.

2. You are participating in the design of a medical experiment to investigate whether a new dietary supplement will reduce the cholesterol level of middle-aged men. Sixty randomly selected men are available for the study. It is know from past studies that smoking and weight can affect cholesterol levels in men. Describe the design of an appropriate experiment. Is blocking necessary in this case? Explain.  Can this experiment be blinded? 

3. Return to the shingle ointment problem from before.   The initial experiment revealed that those with less severe cases of shingles tended to show more improvement while using this new ointment.  Further testing of the drugs effectiveness is now planned and many patients have volunteered. What changes in your previous design, if any, would you make? Why?   Draw a design diagram for this experiment.  What is the explanatory variable? How many treatments are there? 

4. An educational psychologist wants to test two different memorization methods to compare their effectiveness to increase memorization skills. There are 120 subjects available ranging in age from 18 to 71. The psychologist is concerned that differences in memorization capacity due to age will mask (confound) the differences in the two methods. What would the design look like? 

5. In a study of blood pressure, three different methods (a drug, yoga, and meditation) will be tried on a randomly selected group of adults who work at a large company to see which method is most effective in reducing blood pressure. Construct an appropriate design diagram. Should it be blocked? Would a control group be necessary? Explain. Can this experiment be blinded? What is the parameter of interest in this experiment? What is the population of interest in this problem?  

6. It is common in nutritional studies to compare diets by feeding them to newly weaned males rates and measuring the weight gained by the rats over a 28-day period. If 30 such rats are available and three diets are to be compared, each diet will be fed to 10 rats. 


a)  A completely randomized design handles all extraneous variables by randomization.  Can we just randomly assign 10 rats to each diet? What would the design look like? What are the problems with this method?


b)  Would this experiment be more effective if blocks are used? How should this be done? Don't forget that once you have the blocks, rats need to be randomly assigned within the block. [REMINDER: The number of rats in a block should equal the number of treatments to be assigned, if possible].

Homework:  pg 47-50: 5, 9, 11, 14, 25
Chapter 1:  Review
Objectives:  Students will be able to:  


Summarize the chapter

Define the vocabulary used


Complete all objectives


Successfully answer any of the review exercises

Vocabulary:  None new
Homework:  pg 53 - 55: 
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