Chapter 1—Data Collection

1.1 Introduction to the Practice of Statistics

Definition: Statisticsis the science of collecting, organizing, summagzand analyzing
information in order to draw conclusions.

The objective of statistics is to makwerences (predictions) about population based upon
information contained in sample.

* Population—is the set representing of all observations aredt to the sample collector.
* Sample—is a subset of measurements selected from thegtapuof interest.

Election examplt

TheProcess of Statisticsncludes 4 steps:

1. Identify the research objective.

2. Collect information to answer the question posed in (1).
3. Organize and summarize the information.

4. Draw conclusions from the information.

Your textbook illustrates throcess of Statisticsvith a tomato example (p. 6) where a young
boy plants a tomato plant in his backyard. He wamtknow more about tomatoes so he grows
the tomato plant and collects information aboutttmeatoes harvested from the plant. The
variable of interest is the weight of the tomatoes.

TheProcess of Statisticgor the tomato example:

1. Identify the research objective—determine thenean weight of a Beef Steak tomato grown in
Lubbock, TX.

2. Collect information to answer the question posed in (1) above.

A Beef Steak tomato plant is grown in Lubbock, BXd the weight of each harvested tomato is
recorded.



3. Organize and summarize the information

Definitions:  Variable—is a measurable characteristic.
Observation (or variate)—is an individual measurement of a variable.

X=tomato weight (in ounces)
x1=3.2 ... The first harvested tomato weighs 3.2 ounces
Xo=4.1
Xz=2.7

3.45 = mean weight of ALL harvested tomatoes dhersummer

4. Draw conclusions from the information

Population—all Beef Steak tomato plants grown in Lubbock, TX

X1, X2, X3,...

Sample—tomatoes harvested from one plant

O over the summer.

T sample mean= +

inference point margin of
(prediction) estimate error

Summary: (1) In statistics we study a fraction (or paftadody of data with the objective of
concluding about the entire body of data. (2) 8itits approach is based on a fraction of the
entire body of data, there is a possibility of esrim the conclusions. Thus, a part of statistics
to assess/evaluate the uncertainty of conclusions.

Is the mean weight of the sample tomatoes fromBeed Steak plant grown in summer
2005 exactly equal to the true (population) meaigkteof ALL Beef Steak tomatoes?—

Answer is likely NO.

Definition: Descriptive statistics—consists of organizing and summarizing the infdaroma

collected.
Inferential statistics—uses methods that generalize results obtained d&rom

sample to the population and measure thkability.
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Types of Data(p. 6)

Two types of data:
1. Primary data—obtained from the field or lab (eagnimal gain data from a feeding trial)
2. Secondary data—previously collected and publiskagl, (USDA crop price data).

Variables can be classified into two groups.

Definition: Qualitative or categorical variables—allow for classification of individuals
based on some attribute or characteristic.
Quantitative variables—provide numerical measures of individuals. Arigtra
operations such as addition and subtraction cgreldermed on the values of a
quantitative variable and provide meaningful result
Discrete variable—is a quantitative variable that has either adinit
number of possible values or a countable numbposé$ible values.
The term “countable” means that the values resoithfcounting such
aso0,1, 2, 3,and so on.
Continuous variable—is a quantitative variable that has an infinite
number of possible values that are not countable.

Examples:

Variable Qualitative or Quantitative Discrete or Continuous

Gender

Temperature

Number of children in a family

Zip code

Race

Weight of a steer

Remember: If you countto get the value of a quantitative variable>>diserete
If you measureto get the value of a quantitative variableeoptinuous



1.2 Observational Studies; Simple Random Samples

1. Census vs. Sample

Definition: Census(p. 13)—is a list of all individuals in a populai along with certain
characteristics of each individual. Examples are:

e The U.S. conducts a census every 10 years (cossévbslion in 2000).

* An election is a census. Every registered votarvcde.

When collecting information, compare taking a censuusing inferential statistics.
“If the entire population is studied, then infeliahstatistics is not necessary because
descriptive statistics would provide all the infation that we need regarding the
population” (p. 5).

2. Observational Study vs. Designed Experiment

Definition: Observational study(p. 14)—measures the characteristics of a pojulday
studying individuals in a sample. Observationatists are referred to as post facto (after-
the-fact) studies because the value of the var@atilaterest has already been established.

Designed experimen{(p. 14)—applies a treatment to individuals (re¢drto as
experimental units) and attempts to isolate the effects of the treatron aesponse
variable.

Example #1(p. 14): Research question: Does smoking cauggdancer?
Observational study:

* Select a sample of adult individuals (18 years wldd were alive in say 1930.

* Divide the group into those who smoked over the/@&r period (1930-55) and those
who did not smoke. Eliminate individuals who smeker part of the period (but not the
entire period).

* Review the life history of the sample of smokerd ann-smokers to determine if they
died from lung cancer.

» Calculate the percentage of smokers who died frorg tancer and the percentage of
non-smokers who died from lung cancer over the &&-yperiod.

Control group—are the nonsmokers. That is, the nonsmokers sartlee benchmark upon

which the smokers’ rate of lung cancer is judg@&te hope is that nonsmokers and smokers are

alike in all of their traits (such as diet and exseg) except for smoking.



What if the sample results show the following?

2.5% of smokers died from lung cancer
0.7% of non-smokers died

Does this indicate that smoking causes lung can¥@&S-or NO?

Potential ProblemBecause oiurking variables, the fact that smokers’ have a higher incidence
of lung cancer does not mean that smoking causegsdancer.

Lurking variable (p. 177)—is a variable that may affect the respas@ble(death from lung
cancer). Lurking variables in the observationatigtof lung cancer include:

o diet

¢ amount of exercise

Designed Experiment:

* Obtain a sample of people and divide them into gwaups.

* One group will be required to smoke 1 pack of @tfas per day, while the other group
will not be allowed to smoke.

» Control the diet and the amount of exercise fohlgybups so they are exactly the same.

» Monitor the number of deaths from lung cancer femach group.

Summary of observational studies vs. designed @xpets:

Observational studies are very useful tools foerining whether there is a relation
(association) between two variables, but a desigxeériment is required to isolate the cause
of the relation (p. 15).

¢ Observational studies determiA8SOCIATION between variables, but not
CAUSATION.

Explain how to carry out a Designed Experimentdmpare cattle diets for feedlot cattle.
Assume there are two diets currently being used-+Dand Diet 2. How would you

conduct an Observational Study to compare the fets,dand what are the disadvantages of
the Obs. Study compared to the Design. E




3. Simple Random Sampling

A sample of size n from a population of size Nhsained througlsimple random sampling
if every possible sample of size n has an equidiyl chance of occurring.

Random sample—is a sample in which any one individual observatiothe population is as
likely to be included as any other.

Note: N=number of observations in the population
n=number of observations in the sample

‘Simple random sampling is like selecting namesnfi@hat’.
Frame—a list of ALL individuals in the POPULATION.

Sampling without replacement Once an individual is selected to be in the danipe/she
cannot be selected again (this is so we don’'t sdlecsame individual twice).

Example #3(p. 17)—Obtaining a Simple Random Sample:

Problem: Senese and Associates has increasedtgsemnting business. To make sure their
clients are still satisfied with the services tlaeg receiving, Senese and Associates decides to
send a survey out to a simple random sample ofits 8D clients.

Your text discusses two ways to obtain a randonpsalifrom a list frame):
1. Use a table of random numbers (Table 3, p. 18).
2. Use technology such as EXCEL.



Using Table 3, explain how to draw a random sarmple=5.

Close your eyes and place your finger on the talbtev=13 and column=4.

Column 4 |

A SR

Column Number

¥
Row
Number 01—05/ 06-10 11-15 16-20 21-25 26-30 31-35 3640 41-45 46-50

01 89392 23212 74483 36590 25956 36544 68518 40805 09980 00467
02 61458 17639 96252 95649 73727 33912 72896 66218 52341 97141
03 11452 74197 81962 48433 90360 26480 73231 37740 26628 44690
04 27575 04429 31308 02241 01698 19191 18948 78871 36030 23980
05 36829 59109 88976 46845 28329 47460 88944 08264 00843 84592
06 81902 93458 42161 26099 09419 89073 82849 09160 61845 40906
07 59761 55212 33360 68751 86737 79743 85262 31887 37879 17525
08 46827 25906 64708 20307 78423 15910 86548 08763 47050 18513
09 24040 66449 32353 83668 13874 86741 81312 54185 78824 00718
10 98144 96372 50277 15571 82261 66628 31457 (00377 63423 55141
11 14228 17930 30118 00438 49666 65189 62869 31304 17117 71489
12 55366 51057 90065 14791 62426 02957 85518 28822 30588 32798
Row13 | —q3 96101 30646 35526 90389 73634 79304 96635 6626 94683 16696
14 38152 — 55474 30153 26525 83647 31988 82182 98377 33802 8471
15 85007 | 18416 24661 95581 45868 15662 28906 36392 07617 50248
16 85544 | 15890 80011 18160 33468 84106 40603 01315 74664 20553
17 10446 | 20699 98370 17684 16932 80449 92654 02084 19985 59321
18 67237 | 45509 17638 65115 29757 80705 82686 48565 72612 61760
19 23026 | 89817 05403 82209 30573 47501 00135 33955 50250 72592
20 67411 | 58542 18678 46491 13219 84084 27783 34508 55158 78742

We skip 52 because it is larger than 30




Using EXCEL (p. 22), demonstrate how to draw a candample of n=5.

Excel

Step I: Be sure the Data Analysis Tool Pak is activated. This is done by
selecting the Tools menu and highlighting Add —Ins . ... Check the box for
the Analysis ToolPak and select OK.

Step 2: Select Tools and highlight Data Analysis . ... Highlight Random
Number Generation and select OK.

Step 3: Fill in the window with the appropriate values. To obtain a simple
random sample for the situation in Example 2, we would fill in the following:

Random Number Generation

Mumber of Yariables: R
Muriber of Random Numbers: Im b Cancel

Parameters

| Between 1 ad 3t

Fandom Seed: |34

Output options
" Qurput Range: st
* Mew Worksheet Piy:

" Mew Workbook

The reason we generate 10 rows of data (instead of 5) is in case any of the
random numbers repeat. Notice also that the parameter is between 1 and 31,
so any value less than or equal to 31 is possible. In the unlikely event that

31 appears, simply ignore it. Select OK and the random numbers will appear
in column 1 (A1) in the spreadsheet. Ignore any values to the right of the
decimal place.



1.3 Other Types of Sampling

Types of probability samples:
1) Random—Is this class a random sample of Tech sts@en
2) Stratified
3) Systematic
4) Cluster

Stratified sample (p. 23)—is obtained by separating the populatida mon-overlapping
groups calledtrata and then obtaining a simple random sample frorh s/@atum. The
individuals within each stratum should be homogesdgor similar) in some way.

Example #1(p. 24): Obtaining a stratified sample.

Problem: The President of DePaul University wants to deteenthe community’s opinion
about campus safety using a sample of size n=Hadv do you draw a stratified sample?

Cateqgories Population (proportion Sample
Resident students 6,204 (0.283) 28
Non-resident students 13,304 (0.607) 61
Faculty and staff 2,400.110) _ 11
21,909 100

Advantages of a stratified sample:
1) Can obtain more information and more accurate te¢bhsed on the assumption that
individuals within each subgroup (stratum) haveilsintharacteristics).
2) Characteristics within each stratum can be repdpe4).




Systematic sample (p. 25}is obtained by selecting every kth individual frdime
population. The first individual selected is adam number between 1 and k.

Advantage: Does not require a frame (like a randample).

There are two situations for drawing systematicdamdepending on whether the population
size is known or not:

1) Population size is known.

Steps in systematic sampling (p. 26):
1) Determine the population size N.
2) Determine the sample size desired, n.
3) Compute N/n and round down to the nearest integjbrs value is k.
4) Randomly select a number between 1 and k. Callnhmber p.
5) The sample will consist of the following individsal
p, pt+k, p+2k, ..., p+(n-1)k

Application: A consulting firm would like to knotie opinion of airline customers about flight
service on Southwest Airlines. Assume the consgiiirm knows there are 2000 customers
flying on Southwest through Dallas on a particaay. Draw a systematic sample of n=5.

2) Population size is unknown.

ReviewExample #2 (p. 25) Obtaining a systematic random sample withoutimé
Problem: Kroger Food Stores wants to measure coassatisfaction.
» Sample size of n=40 is to be taken over an enéye d
* k=N/n cannot be determined without knowing the papon size, N.
* Problem: If the selected k is too small, the dampay be completed by
noon; customers who visit the store after noon moll be surveyed, and
these customers may have a different opinion ostoee.
If k is too large, the sample of 40 may not be wiatd by days end.

Question: How do you draw a systematic sample with unknpapulation size? That is, how
do you determine “k” (where k=N/n) so that you obta representative sample of the entire
population?

Would a stratified sample work better? How do gefine strata?—by time period?

Determine if the following is an appropriate methodiraw a systematic sample of Tech
students—Stand behind the Ag. Sciences buildingsatett every T0student who walks by
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Cluster sample(p. 26)—is obtained by selecting all individuals withimandomly selected
collection or group of individuals.

Example #3 (p. 26) Obtaining a cluster sample.

Problem: A sociologist wants to gather data reiggrthe household income within the City of
Boston.

» 10,493 city blocks in Boston (each block is a @ust

* Randomly select 20 blocks and interview all housgshérom each cluster.

Advantages:
1) No need to obtain detailed frame for the entireybaion
2) Reduces travel time/cost because only 20 stopsade (each stop is a block or cluster).

Considerations in deciding on the number of cluster and the sample size from each
cluster:

Homogeneous clustetst is better to have more clusters with fewer wdiials in each
cluster.

For example, consider the household income survey.
* Income from one household on the block is liketpi&ar to that of another
household. This results in duplicate informati@o, draw more clusters.

Heterogeneous clusterdewer clusters with more individuals per clusteappropriate.

For example, consider a quality control engineex ladttling plant with a production

line:

* Obtaining a systematic sample—by waiting for bettie come off a production
line—would be time consuming. By comparison, afitaj a cluster sample at the
end of the day (or run) would be time efficient.

* Inthis case, a cluster would be a single box gfZhbottles and the cluster sample
might contain 10 boxes.

» A ccluster likely resembles the heterogeneity ofgbpulation and provides a scaled-
down representation of the population.
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Random vs. Non-Random Sampling:

Research objective: To determine how AAEC studfggkabout the advice they receive from
their advisors.

Place a survey on the Web and obtain a convensamople.

Convenience samplép. 27)—is a sample in which the individuals aasily obtained.
Individuals in the sample aeelf-selected

What are the advantages and disadvantages of asiogvenience sample compared to a
random sample?
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