
 1

Chapter 1:  Getting the Information You Need 

 

 

You are expected to read the entire chapter on your own, learning any vocabulary, including terms not covered 
in this handout.  
 
What is Statistics?  

Statistics is the science of collecting, organizing, summarizing, and analyzing information to draw conclusions 
or answer questions.  
 
Type of statistics:  

1. Descriptive Statistics uses methods of organizing, displaying, and describing data by using tables, 
graphs, and summary measures.  
 
2. Inferential Statistics (Statistical inference) uses methods that take a result from a sample, extend it 
to the population, and measure the reliability of the result.  
 

 
Population: the entire group to be studied.  
 
Sample: A subset of the population being studied.  
 
Individual (member or element):  a person or object that is a member of the population being studied.  
 
 
The Process of Statistics:  

1. Identify the research objective.  
2. Collect the data needed to answer the questions posted in (1).  
3. Describe the data.  
4. Perform inference.  

 
Parameter: a numerical measurement describing some characteristic of a population 
Parameter ⇔  Population 

 
Example:  

• Among the Senators in the current Congress, 55% are Democrats.  
 

• 48.2% of all students on your campus own a car.  
 

Statistic: a numerical measurement describing some characteristic of a sample. 
Statistic ⇔  sample 

 

Example:  

• In a sample of households, the average annual income is $29,856. 

• A sample of 100 students is obtained, and we find that 46% of them own a car.  
 

The value of a parameter never changes, the value of a statistic changes with the sample.  

 

Variable: a characteristic of the individuals within the population.  It can assume different values for different 
individual.  
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Examples: weight, length of time, age.  
 
Quantitative variable: numbers representing counts or measurements. Values can be added or subtracted and 
provide meaningful results.  
Example:   

• weights of supermodels, height of a student, scores on a quiz. 
 

• Number of courses you are taking this semester.  
List 3 examples of quantitative variable:  
 
 
 
Qualitative (or categorical or attribute) variable: consist of names or labels that are not numbers that 
representing counts or measurements.  
Example:  

• genders (male/female) of professional athletes.  Race, religion 

• Political party affiliations (Democrat, Republican etc.) 
 

List 3 examples of qualitative variable:  
 

 

 

Quantitative data can further be distinguished between discrete and continuous types. 

 

Discrete variable: result when the number of possible values is either a finite number or a ‘countable’ number. 
There are space between each possible value of the variable.  A discrete variable cannot take on every possible 
value between any two possible values.  
Example:   

• The number of students in a math class;  

• The number of math classes.  
 

List 3 examples of discrete variable:  
 
 
 

Continuous: (numerical) variable:  result from infinitely many possible values that correspond to some 
continuous scale that covers a range of values without gaps, interruptions, or jumps (any numerical value over a 
certain interval).  There is no space between the possible value.  
Example:  

• The amount of milk that a cow produces; e.g. 2.343115 gallons per day. 

• The amount of rain falls in the month of September, 2008  

• The height of students. 
 
List 3 examples of continuous variable:  
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Data: the list of observed values for a variable.  
Qualitative data, Quantitative data, Discrete data, Continuous data.  
 
Census: a list of all individuals in a population along with certain characteristics of each individual.  
 
 

Level of Measurements 
Both qualitative and quantitative variable can be classified according to one of four levels of measurement:  

 

Qualitative variable is either nominal or ordinal:  
 

1. nominal level of measurement: characterized by data that consists of names, labels, or categories 
only.  The data cannot be arranged in an ordering scheme (such as low to high)   Arithmetic cannot be 
carried out. (Do not have meaningful numeric value) 

Example:    

• survey responses yes, no, undecided 

• zip code 
List 2 example of nominal variable:  
 

 
 2. ordinal level of measurement: involves data that may be arranged in some order, but differences 
between data values either cannot be determined or are meaningless.  No arithmetic can be performed.  (Cannot 
add or multiply) 
Example: 

• Course grades A, B, C, D, or F 

• Size of cars in the parking lot. 
 

List 2 examples of ordinal variable:  
  

 

 3. interval level of measurement: like the ordinal level, with the additional property that the difference 
between any two data values is meaningful.  However, there is no natural zero starting point (where none of the 
quantity is present).  Subtraction may be carried out.   
Example:   

• Temperature 

• Time of day measured in military time. 
 
List 2 examples of interval variable:  
 

 

 

 4. ratio level of measurement: 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. Subtraction and division may be performed.  
Example:   

• Prices of college textbooks ($0 represents no cost) 

• Length  
 

List 2 examples of ratio variable:  
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Exercises: Classify each of the following variables are qualitative or quantitative.  Determine whether the 
quantitative variables are discrete or continuous.  In addition, specify the level of measurement for each 
variable.  

1. Nation of origin.  
 
 

2. Grams of carbohydrates in a doughnut.  
 
 

3. Number of vending machines at a school.  
 

 
4. Name of colleges.  

 
 

5. Phone number 
 
 

Type of studies 
Response variable: an outcome, a characteristic of the subject of the experiment presumably brought about by 
differences in the explanatory variable.  
 
Explanatory (predictor) Variables: a characteristic intended to explain differences in the response variable.  
 
Example: A study to determine if radio frequencies from cell phones increase the risk of contracting brain 
tumors.  
 Response variable: whether or not brain cancer was contacted.  
 Explanatory variable: the level of cell phone usage.  
 
There are two types of statistical studies:  
 

1. Observational Study: researcher observing and measuring specific characteristics without attempting to 
modify the subjects being studied. 

Example: We ask each student for the height.  
 

2. Experimental study: researcher applying some treatment and then observe its effects on the subjects.  
 

Example: We are interested in vending machine soda sales on campus.  The first 15 days of the month we make 
the price $1, the second we make the price $1.50. Then we compare the results of the number of sodas sold.  
 
Lurking variable:  an explanatory variable that was not considered in a study, but affects the value of the 
response variable in the study (variables that are not considered in the study).  
 
Confounding in a study occurs when the effects of two or more explanatory variables are not separated.  
Therefore, any relation that may exist between an explanatory variable and the response variable may be due to 
some other variable or variables not accounted for in the study.  
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Confounding variable: an explanatory variable that was considered in a study whose effect cannot be 
distinguished from a second explanatory variable in the study (it does not necessarily have any association with 
the other explanatory variable, but does have an effect on the response variable).  
 
NOTE: Observational studies do not allow a researcher to claim causation, only association.  

 
Three types of observation Study:  

1. Cross-sectional studies: collect information about individuals at a specific point in time or over a very 
short period of time.  

2. Case-control studies (retrospective study): Look back in time or require the researcher to look at 
existing records.  

3. Cohort Studies (prospective study): Identifies a group in the cohort, then observed over a long period 
of time.  

 
Exercises: Determine whether each of the following studies depict an observational study or an experiment.  If 
there researchers conducted an observational study, determine the type of the observational study.  

1. A group of 1006 adolescents with prehypertension were tracked over several years to assess which 
health factors lead to hypertension.  

 
 

2. Xylitol has proven effective in preventing dental cavities when included in food or gum.  A total of 
75 children were given milk with and without xylitol and were asked to evaluate the taste of each.  
Overall, the children preferred the milk flavored with xylitol.  

 
 

3. A total of 974 homeless women in the L.A area were surveyed to determine their level of satisfaction 
with the healthcare provided by shelter clinics vs. the healthcare provided by government clinics.  
The women reported greater quality satisfaction with the shelter and outreach clinics compared to 
the government clinics.  

 
 
 

Sampling 
Sample that is likely to be representative of the population must have the following conditions: 

1. Samples must be random.    
2. Samples must be larger enough.  

Note: If convenience is used to obtain a sample, the results of the survey are meaningless.  

 

Random sampling is the process of using chance to select individuals from a population to be included in the 
sample.  
 
Random Sample: members of the population are selected in such a way that each individual member has an 
equal chance of being selected 
 

Simple random sample (SRS): Every possible sample of size n has an equally likely chance of occurring.  
Example:  

A statistics instructor wants to obtain a simple random sample (SRS) of three students from her class of 45 
students.  She assigns each student a number from 1 to 45 based on her roll, which lists the students 
alphabetically, by last name.  Determine whether the following is a SRS. 
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a. The instructor asks a student in the class to randomly choose three number from 1 to 45, the student 
chooses 13, 17, and 41.  The students with those assigned numbers represent the SRS of size 3 from the 
class.  
No, this is not SRS since this student may choose these 3 number for personal reasons (eg. Choose prime 

numbers, or age of family members, etc) 

 
b. The instructor puts pieces of paper numbered 1 to 45 in a pile and closes her eyes and selects 6, 25, and 

32.  The students with those assigned numbers represent the SRS of size 3 from this class.  
This is a SRS 

 
c. The instructor of a class of 45 students uses a random number generator (TI 83/84), which reports {8, 

11, 39).  The students with those assigned numbers represent the SRS of size 3 from this class.  
This is a SRS. 

 
Frame: a list of all the individuals within the population.  
 
Sample without replacement: an individual who is removed from the population and cannot be chosen again.  
 
Sample with replacement: a selected individual is placed back into the population and could be chosen a 
second time.  
 
 
 

Method of sampling 
Simple Random Sample (SRS):  Every possible sample of size n has an equally likely chance of occurring.   
Example:  

• A pollster uses a computer to generate 500 random numbers, then interviews the voters corresponding to 
those numbers.  

 

Systematic Sample is obtained by select some starting point (say p) and then select every kth element in the 
population. 
Steps:  

1. Approximate the population size N and determine the sample size n;  
2. Compute  k = N/n, round down to the nearest integer;  
3. randomly select a number between 1 and k, call this number p.  
4. Start with p, and select every kth element in the population.  

 
Example:  

• Instructor selected every 5th name from the class roster.  
 
 
Stratified Sample is obtained by subdivide the population into at least two different subgroups that share the 
same characteristics, then draw a simple random sample from each subgroup (or stratum) 
Every element in the population must be assigned to only one stratum. The strata should also be collectively 
exhaustive: no population element can be excluded. 
Example:  

• Students in your class are divided into freshmen, sophomores, juniors, and seniors.  Then 5 students in 
each group is randomly selected.  
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Cluster Sample is obtained by first divide the population area into sections (or clusters), then randomly select 
some of those clusters and choose all members from selected clusters.  We use this method when the population 
is widely scattered geographically or poses other logistical difficulties.   
Example:  

• Students in your class are divided into freshmen, sophomores, juniors, and seniors.  One of the groups is 
selected at random and all the students in that group are selected.  

 
Convenience Sample is obtained by using results that are easy to get. This generally results in a non-
representative sample and the results are not considered useful. 
Note: If convenience is used to obtain a sample, the results of the survey are meaningless.  
 
Example:   
You survey students in your classes 
 
Self-selected sample (voluntary response sample): the individuals themselves decide to participate in a 
survey.  
In this case, valid conclusions can be made only about the specific group of people who agree to participate. 
Example: Radio station asks listeners to call in for a survey.  
 
Multistage Sampling: using a combination of techniques.  
 
Exercises: Determine which sampling method is used.  

a. To determine customer opinion of its boarding policy, Southwest Airlines randomly selects 60 flights 
during a certain week and surveys all passengers on the flights.  

 
 

b. A college official divides the student population into five classes: freshman, sophomore, junior, senior, 
and graduate student.  The official takes a sample from each class and asks the members’ opinions 
regarding student services. 

 
 
 

c. A radio station asks its listeners to call in their opinion regarding the use of U.S. forces in peacekeeping 
missions.  
 
 
 

d. To estimate the percentage of defects in a recent manufacturing batch, a quality-control manager at Intel 
selects every 8th chip that comes off the assembly line starting with the 3rd until she obtains a sample of 
140 chips.  
 
 
 

e. 24 Hours Fitness wants to administer a satisfaction survey to its current members.  Using its 
membership roster, the club randomly selects 40 club members and asks them about their level of 
satisfaction with the club.  
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Bias in sampling 
If the results of the sample are not representative of the population, then the sample has bias.  
Three sources of bias:  

1. Sampling bias: technique used to obtain the sample’s individuals tends to favor one part of the 
population over another.  This can due to undercoverage, which occurs when the proportion of one 
segment of the population is lower in a sample than it is in the population. 
  

2. Nonresponse bias: this occurs when individuals selected to be in the sample who do not respond to 
the survey have different opinions from those who do (individuals do not wish to respond or the 
researcher was not able to contact them).  

 
3. Response Bias: this exists when the answers on the survey do not reflect the true feelings of the 

respondent. 
 Interviewer error  
 Misrepresented answers 
 Wording of questions 
 Ordering of questions 
 Type of questions (open questions vs. closed questions) 
 Data-entry error 
 
 

Sampling Error results from using a sample to estimate information about a population.  This type of error 
occurs because a sample gives incomplete information about a population.   
 
NonSampling Error result from undercoverage, nonresponse bias, response bias, or data entry error.   
 
   
 

The Design of Experiments 
 
Experiment: A controlled study conducted to determine the effect varying one or more explanatory variables 
or factors has on a response variable. Any combination of the values of the factors is called a treatment.  
 
Experimental unit (subject) is a person, object, or some other well defined items upon which a treatment is 
applied.  
 
Control group: serves as a baseline treatment that can be used to compare it with other treatments.  
 
Placebo: an innocuous medication, such as a sugar tablet, that looks, tastes, and smells like the experimental 
medication.  
 
Blinding: nondisclosure of the treatment a subject is receiving.  
 
 Single-blind experiment: subject does not know which treatment he or she is receiving.  
 
 Double-blind experiments: neither the experimental unit nor the researcher in contact with the 
experimental  unit knows which treatment the experimental unit is receiving.  
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Example:  

The English Department of a community college is considering adopting an online version of the freshman 
English course. To compare the new online course to the traditional course, an English Department faculty 
member randomly splits a section of her course. Half of the students receive the traditional course and the other 
half is given an online version. At the end of the semester, both groups will be given a test to determine which 
performed better.  

a. Who are the experimental unit?  
The students in the class 

b. What is the population for which this study applies? 
All students who enrolled in the class.  

c. What are the treatments?  
Traditional vs. online instruction.  

d. What is the response variable?  
Exam scores 

e. Why can’t this experiment be conducted with blinding?  
Both the students and the instructor know which treatment they are receiving.  

  
Three main factors for an experimental study: Control, randomization, replication.  

Control: a control group is necessary to compare against the treatment group if we wish the results of our 
experiment to be useful.  
Randomization: The placement of the subjects into the treatment and control group should be done randomly.   
Replication: The treatment and control groups each much contain a large enough number of subject to allow 
detection of meaningful difference between the treatment and control.  
 
Design an Experiment:  

1. Identify the problem to be solved (be explicit, identify response variables, identify the population) 
2. Determine the factors that affect the response variable.  
3. Determine the number of experiment units (sample size).  
4. Determine the level of each factor.  

Control:  
a. Set the level of a factor at one value throughout the experiment; 
b. Set the level of a factor at various levels to see the effect on the response variable 

 Randomize: Randomly assign subjects to treatment groups.  
5. Conduct the Experiment.  

Replication: Treatment is applied to more than one subjects.  
Collect and process the data 

6. Test the claim. Inferential statistics.  
 

Completely Randomized Design is one in which each experimental unit is randomly assigned to a treatment.  
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Example(#9 page 50): A school psychologist wants to test the effectiveness of a new method for teaching 
reading.  She recruits 500 first-grade students in District 203 and randomly divides them into two groups. Group 
1 is taught by means of the new method, while group 2 is taught by traditional methods.  The same teacher is 
assigned to teach both groups.  At the end of the year, an achievement test is administered and the results of the 
two groups are compared.  

a. What is the response variable in this experiment?  
Scores on achievement tests.  

 
b. Think of some of the factors in the study.  How are they controlled?  

 Method of teaching, grade level, intelligence, school district, teachers 

 Set the level of factors at one value:  grade level, school district, teachers 

 Set the level of factors at varies level: teaching method.   

 
c. What are the treatments? How many treatments are there?  

New teaching method and traditional teaching method.  There are two treatments.  

  
d. Which group serves as the control group?  

 Group 2 (the group with traditional teaching method) 

 
e. Identify the subjects.   

500 students.  

 
Matched-pairs design: an experimental design in which the experimental units are paired up.  The pairs are 
selected so that they are related in some way (same person before and after treatment, twins, husband and wife, 
etc) 
 
Grouping together similar (homogeneous) experimental units and then randomly assigning the experimental 
units within each group to a treatment is called blocking.  Each group of homogeneous individuals is called a 

block.  
 
A randomized block design is used when the experimental units are divided into homogeneous groups called 
blocks.  Within each block, the experimental units are randomly assigned to treatments.  
  

Example: the English Department is considering adopting an online version of the freshman English course. 
After some deliberation, the English Department thinks that there may be a difference in the performance of the 
men and women in the traditional and online courses. To accommodate any potential differences, they randomly 
assign half the 60 men to each of the two courses and they do the same for the 70 women.  

Note: This is a randomized block design where gender forms the block.  This way, gender will not play a role in 

the value of the response variable, test score.  We do not compare test results across gender.  

 


