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Chapter 1:  The Nature of Statistics 
 

Section 1.1 Statistical and Critical Thinking 
 
What is Statistics?  
Statistics is the science of planning studies and experiments; obtaining data; and then organizing, summarizing, 
presenting, analyzing, and interpreting those data and then draw conclusions based on them. 
 
Type of statistics:  

1. Descriptive Statistics: methods of organizing, displaying, and describing data by using tables, graphs, and 
summary measures.  
 
2. Inferential Statistics (Statistical inference): methods that use sample results to help make decisions or 
predictions about a population.  

 
Data: collections of observations, such as measurements, genders, or survey responses.  
 
Population: the complete collection of all measurements or data that are being considered.  
 
Census: the collection of data from every member of the population.  
 
Sample: a sub collection of members selected from a population.  
 
Identify the population and the sample:  
Example: You want to learn the average age of ELAC students. You ask a random sample of 200 ELAC students how old 
they are.  
 Population:  
 
 
 Sample:  
 
 
 

Procedure (Key elements) in a statistical study  
Prepare: 

1. Context:  
What do the data meant?  
What is the goal of study?  
 

2. Source of data.  
Are the data from a source with a special interest so that there is pressure to obtain results that are favorable to the 
source?  
 

3. Sampling Method 
Were the data collected in a way that is unbiased, or were the data collected in a way that is biased (such as a 
procedure in which respondents volunteer to participate?) 
 
Voluntary responses sample (or self-selected sample) is one in which the respondents themselves decide 
whether to be included.  
Example: Internet polls,  
 Mail-in polls 
 Telephone call-in polls. 
With voluntary response samples, we can draw valid conclusion only about the specific group of people who 
chose to participate.  
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Analyze 
1. Graph the data 

Misleading graphs 
2. Explore the data 

Are there any outliers (number very far away from almost all of the other data)?  
What important statistics summarize the data (such as the mean and standard deviation)? 
How are the data distributed?  
Are there missing data?  
Did many selected subjects refuse to respond?  
 

3. Apply Statistical method 
Use technology to obtain results. 
 

Conclude 
1. Statistical Significance 

Do the results have statistical significance?  
Do the results have practical significance?  

  
Statistical significance is achieved in a study when we get a result that is very unlikely to occur by chance.  
Example: Getting 98 girls in 100 randomly birth is statistically significant.  
 
Practical significance: It is possible that some treatment or finding is effective, but common sense might suggest 
that the treatment or finding does not make enough of different to justify or to be practical.  

 Example: the mean weight loss of 2.1kg is statistically significant, but is not practical significant.  
 
Potential Pitfalls:  
 Misleading conclusions: Correlation does not imply causation 
  

Sample Data Reported Instead of Measured: When collecting data from people, it is better to take measurement 
yourself instead of asking subjects to report results.   
 
Small Samples: Conclusion should not be based o n sample that are far too small.  
 
Loaded Questions: If survey questions are not worded carefully, the results of a study can be misleading.  
Example: “Should the President have the line item veto, or not?”  
 
Order of questions:  
Example: “Would you say that traffic contributes more or less to air pollution than industry?” (45% vs 27%) 
 “Would you say that industry contributes more or less to air pollution than traffic?” (57% vs 24%) 
 
Nonresponses: it occurs when someone either refuses to respond to a survey question or is unavailable. Note that 
people who refuse to talk to pollsters are likely to be different from those who do not.  

  
Percentages: Some study cite misleading or unclear percentages.  
Example 100% of some quantity is all of it, cannot exceed 100%.  
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Section 1.2: Type of Data 
 
Parameter: a numerical measurement describing some characteristic of a population 
Parameter   Population 
 
Example:  

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

 The average class size of all classes at SMC is 40.  
 
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. 
 In a sample of 10 students, the average age is 19.  

 
The value of a parameter never changes, the value of a statistic changes with the sample.  
 
 
 
Quantitative data: numbers representing counts or measurements. 
Example:   

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

 Age(in years) of survey respondents.  
 

List 3 examples of quantitative data:  
 
 
 
Qualitative (or categorical or attribute) data: 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 data:  
 
 
 
 
Quantitative data can further be distinguished between discrete and continuous types. 
 
Discrete data: 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.  
Example:   

 The number of students in a math class;  
 The number of math classes.  

 
List 3 examples of discrete data:  
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Continuous: (numerical) data:  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:  
 
 
 
Both qualitative and quantitative data can be classified according to one of four levels of measurement:  
 
Qualitative data 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 3 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 3 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 (0 degree does not represent the total absence of heat) 
 Year (Time did not begin in the year 0) 

 
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 3 examples of ratio variable:  
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Big data refers to data sets so large and so complex that their analysis is beyond the capabilities of traditional software 
tools.  Analysis of bid data may require software simultaneously running in parallel on many different computers. 
 
Data Science involves applications of statistics, computer science, and software engineering, along with some other 
relevant fields.  
 
Missing Data 
A data value is missing completely at random if the likelihood of its being missing is independent of its value or any of 
the other values in the data set.  That is, any data value is just as likely to be missing as any other data value.  
Example: I forgot to enter the value 20 because I was distracted.  
 
A data value is missing not at random if the missing value is related to the reason that it is missing.  
Example: Respondents with low incomes skip the question about their income.  
 
Correcting for Missing Data:  

1. Delete Cases: to delete all subjects having any missing values. 
2. Impute Missing values when we substitute values for them, usually use the mean of their value or using a 

randomly selected value from other similar cases, or using method based on regression analysis.  
 

Section 1.3:  Collecting Sample Data 
 
If sample data are not collected in an appropriate way, the data may be so utterly useless that no amount of 
statistical torturing can salvage them.  
 
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.  

 
 

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) of n subjects is selected in such a way that every possible sample of the same size n has 
the same chance of being chosen.  Note: A simple random sample is often called a random sample, but strictly speaking, a 
random sample has the weaker requirement (The distinction is not so important in this text).  
 

 
Method of sampling: 
Random Sampling: each member of the population has an equal chance of being selected. Computers/Calculators are 
often used to generate random numbers.  
Example:  

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

  
Simple Random Sampling: A sample of n subjects is selected in such a way that every possible sample of the same size 
has the same chance of being chosen.  
 
Systematic Sampling: Select some starting point and then select every kth element in the population. 
Example:  

 Instructor selected every 5th name from the class roster.  
 
 
Convenience Sampling: use results that are easy to get. This generally results in a non-representative sample and the 
results are not considered useful.  
Example: You survey students in your classes.  
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Stratified Sampling: subdivide the population into at least two different subgroups that share the same characteristics, 
then draw a 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.  

 
 
Cluster Sampling: 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.  

 
Multistage Sampling: pollsters select a sample in different stages, and each stage might use different methods of 
sampling.  
Example: Select clusters first, then select 50 men and 50 women in each selected cluster (cluster sampling and stratified 
sampling methods are used).  
 
Type of studies 
There are two types of statistical studies:  
Observational Study: We observe and measure specific characteristics, but we don’t attempt to modify the subjects being 
studied.  
Example: a survey of smartphone ownership.  
 
 

3 Types of Observational Study:  
Cross-sectional study: data are observed, measured, and collected at one point in time, not over a period of time.  
Example: Research from the national Institutes of Health want to determine the current rates of smoking among adult 
males and adult females.  They conduct a survey of 500 adults of each gender.  
 
Retrospective (Case-control) study: data are collected from a past time periods by going back in time (through 
examination of records, interviews, and so on).  
Example: In order to study the seriousness of drinking and driving, a researcher obtains records from past car crashes.  
Drivers are partitioned into a group that had no alcohol consumption and another group that did have evidence of alcohol 
consumption at the time of the crash.  
 
Prospective (Longitudinal or cohort) study: data are collected in the future from groups that share common factors 
(such groups are called cohorts).  
Example: Researchers at the National Cancer Institute studied meat consumption and its relationship to mortality.  
Approximately one-half million people were surveyed, and they were then followed for a period of 10 years.  
 
 
Experimental study: we apply some treatment and then proceed to observe its effects on the subjects.  Subjects in 
experiments are called experimental units.  
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: one that affects the variables included in the study, but it is not included in the study.  
Example: Students working full time have lower GPA.  Lurking variables: # of children, # of classes taking, etc.  
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Designs of Experiments main factors: 
1. Randomization: The placement of the subjects into the treatment and control group should be done randomly.   
2. Replication: The treatment and control groups each much contain a large enough number of subjects to allow 

detection of meaningful difference between the treatment and control.  
3. Blinding: the subject doesn’t know whether he or she is receiving a treatment or a placebo.  Double-blind is 

when the subject and the researcher both do not know whether the subject is receiving a treatment or a placebo.  
 
Confounding occurs in an experiment when the investigators are not able to distinguish among the effects of different 
factors.  
Try to design the experiment in such a way that confounding does not occur.  
 
Designs of Experiments:  

1. Completely Randomized Experimental Design: Assign subjects to different treatment groups through the 
process of random selection.  

2. Randomized Block Design: Form blocks of subjects with similar characteristics. Then, randomly assign 
treatments to the subjects within each block.  

3. Matched Pairs Design: compare two treatment groups by using subjects matched in pairs that are somehow 
related or have similar characteristics. (Before and after; twins, etc).  

4. Rigorously Controlled Design: Carefully assign subjects to different treatment groups, so that those given 
each treatment are similar in the ways that are important to the experiment.  

 

Errors:  
1. Sampling error: occurs when the sample has been selected with a random method, but there is a discrepancy 

between a sample result and the true population results; such an error results from chance sample fluctuations.  
2. Nonsampling error: the result of human error, including such factors as wrong data entries, computing errors, 

questions with biased wording, false data provided by respondents, forming biased conclusions, or applying 
statistical methods that are no appropriate for the circumstances.  

3. Nonrandom sampling error: the results of using a sampling method that is not random, such as using a 
convenience sample or a voluntary response sample.  
 


