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                                                Introduction to Statistics

The Role of Statistics in Science

1.  Research can be qualitative or quantitative.  One example of qualitative research would be a field study where you would observe people in the workplace, and your analysis would involve words.  Quantitative research often involves a survey, where each question on the survey is a variable.  When the research results are numbers, this information is called data.  Data literally means "numbers", so you say the data are, not the data is.  
2.  Statistics are mathematical techniques used to manipulate and analyze data; they allow us to answer research questions or test theories.  If we did a survey of students to find how many children they plan to have in their lifetime, we would find evidence in support of theories about what causes some people to want more children than others.  If we can find the causes of overpopulation, we can slow it down by getting to the root of the problem.

3.  Which variables would be associated with (or cause) large families?  You would begin by thinking up concepts associated with your dependent variable (family size).  Then, you operationalize the concepts, often by creating survey questions.  Each question becomes an independent or a dependent variable from our hypothesis.  Our hypothesis may be that as income increases, family size will decrease (which researchers have found to be true).  We will ask some questions about family income (our independent variable) and some questions about how many children people want or have (our dependent variable).  We use statistics to find if there is an association between the two variables, testing our theory.
4.  Statistics are usually summary numbers.  They are needed because our minds can only remember and make sense out of small sets of numbers.  If we do a survey of 500 people, we have to use statistics to understand the results; we cannot remember what 500 people said, or even what one person said shortly after the interview.  The purpose of statistics is to manipulate and analyze data.  
5.  The presence of numbers will not guarantee the quality of our research.  However, statistics are very powerful!  They make a stronger case in favor of a position.  This class along with research methods will help you to evaluate the research of others, and to understand day-to-day statistics in the news; it will give you "basic statistical literacy.”  Many job descriptions include this as a requirement.

6.  It is never enough to gather data; the numbers will not speak for themselves.  Interpretation and analysis is what is most important today.  
Descriptive Statistics

1.  Univariate (one variable) descriptive statistics are used to describe the distribution of a single variable (the first four chapters in your book).  One example would be the ages of all the people in a community.  We cannot list all the ages and expect people to make sense out of that.  So we use data reduction (number crunching) allowing a few meaningful numbers to summarize large masses of data.  We most often use percentages, averages, graphs, and charts.  

2.  Descriptive statistics are also used to understand the relationship between two or more variables in a sample, called bivariate if two variables and multivariate if more than two.  The statistics used for bivariate and multivariate analysis are measures of association.  These measures will tell you two things.  1)  the direction of a relationship (e.g., the older you get, the higher your income—as one goes up, the other goes up) and 2) the strength of a relationship--is it true for all people, most people, or is there just a slight tendency for the two variables to be associated (related)?  Depending on the strength and the direction of the relationship, we can find evidence for the following two things:

3.  Causation.  We find evicence that there may be a cause and effect relationship.  The cause is the independent variable, represented by the letter "X."  The effect is the dependent variable, represented by the letter "Y."  A hypothesis is a statement about the relationship between the variables, which comes from theory, but is much more specific and exact.  An example of a hypothesis:  the more education you receive, the higher your income will be.  Education is the independent variable.  In time, the independent variable precedes the dependent variable.

4.  Prediction.  If you know that one causes the other, and the relationship is strong (it happens most of the time), then we can predict the future.  We can predict people’s score on one variable from their score on another.  An example would be parent's occupational prestige, and their children’s eventual occupational prestige.  Another example is the relationship between time spent studying statistics and the final grade in the course.  Using a measure of association, we could determine the direction of the relationship from past classes.  The longer students study, the higher their final grade.  We could also determine the strength of the relationship.  Is it true for all students (strong association), or just for some (weak association).  

5.  However, association is not causation.  The relationship may be coincidental.  Some examples of false associations follow:  the more ice cream people eat, the more people drown in pools.  This is suggesting that ice cream causes drowning in pools.  This is called a spurious (meaning false) association.  The association may be caused by other factors.  Both eating ice cream and swimming in pools increase during the summer.  The season of summer is the independent variable, and ice cream consumption and drownings are the dependent variables.
Inferential Statistics 

1.  Descriptive statistics were about describing the people included in your sample.  However, we usually want to generalize these findings to a population.  The population is the total of all cases you are interested in.  Populations are usually very large--too large to be measured, so a small random sample is drawn from the whole population.  Inferential statistics involve using information from samples to make inferences about populations (meaning, draw conclusions about).  This is always done in public opinion polls.  The newspapers report that 42% of Americans plan to vote for a particular candidate, but there are around 100 million possible voters.  Their sample usually includes 1500 or fewer people, and they can accurately predict how the whole population of voters will vote.  

Discrete  and Continuous Variables

1.  A variable is discrete if it has a basic unit of measurement that cannot be subdivided.  The number of people per household would be a discrete variable.  The basic unit is a person, and the fewest you can have is one.  The score will always be a whole number.  However, if you compute an average for many families, the statistics will have fractions.
2.  The units in continuous variables can be subdivided infinitely, at least theoretically.  One example would be time, which can be subdivided into seconds or nanoseconds (one billionth of a second).  We always will be rounding off or approximating the scores.  So we actually report these scores as discrete.

Level of Measurement

This is an important concept, in that the level of measurement determines which statistics to use.  Know this section well for the exams. 

Nominal Level of Measurement

1.  The word "nominal" literally means naming.  With nominal variables, we classify the people into categories, and just look at how many people are in each category.  The categories are not thought of as "higher" or "lower" than the others, or "greater than" or "lesser than".  The categories for all the levels of measurement need to be mutually exclusive of each other, in that the respondent should not be able to select more than one.  The categories also need to be exhaustive—they should include all the possible responses that might be expected.  Every respondent should be able to answer each question--there has to be a choice for everyone.  You may have to add a category labeled something like: Other (Please specify):_______.  

2.  The categories should be homogeneous and relevant to the research goals.  You need to keep the research goals in mind when selecting how broad or general the categories are.  They need to be homogeneous in the sense that the people in a non-Protestant category are too different from each other to draw any conclusions about them.  For example, if you divided religion into Catholic and non-Catholic to find if there was a difference in fertility aspirations, you would have too many groups in the non-Catholic category to draw conclusions.   You need to decide if you need to know the specific Protestant religions people belong to, or just whether or not they are Protestant as opposed to Catholic, Jewish, or whatever.  It is a good idea to get as much detail as possible from the questionnaire, and then recode the values after they are in the computer.  Have the computer recode all the separate Protestant religions into a new category called "Protestant".  

3.  The values of nominal variables are labeled with numbers to allow a computer to work with the categories, but these numbers are arbitrary.  So you have to be very careful which statistics you use, since the computer will not treat them as arbitrary, but will treat them as meaningful.  If Protestant is assigned a “1”, and Catholic a “2”, and Jewish a “3”, the computer will run a measure of association test on these numbers, showing that the variable is going up or going down, but it is a meaningless statistic.  The only mathematical operation permissible with nominal variables is counting the number of people classified into the categories—and calculating percentages.  Some examples of nominal level variables follow:  religion, sex, ethnic group, political party, marital status, and variables with only two choices--like "Yes" or "No."

Ordinal Level of Measurement

1.  With ordinal level of measurement, the cases are classified into categories, like nominal measurement, but it also allows the categories to be ranked.  Ordinal categories can be ranked from "low" to "high", "more" or "less".  Some examples of ordinal level values follow:  occupation (if ranking according to prestige), social class, grade point average, education measured by degrees (less than high school, high school, some college, college degree, advanced degree), degree of religiosity, also SES (socio-economic status), measured as upper class, middle class, working class, or lower class.  Also, all attitude and opinion scales are ordinal, like prejudice, alienation, or political conservatism usually measured in a Likert scale (very conservative, conservative, moderate, liberal, very liberal).

2.  The limitation of ordinal levels of measurement is that you cannot describe the distance between the scores in precise terms.  Numbers assigned to the categories are again arbitrary, so disagree is a "4", but it isn't twice as much as agree, which is a "2."  You cannot do multiplication, or division.  You can only rank categories or cases.

Interval-Ratio Level of Measurement

1.  Variables measured at the interval-ratio level permit classification like nominal variables, 

permit ranking like ordinal variables, but also exactly define the distance from category to category (or score to score).  Examples of interval-ratio level of measurement include: age (the unit of measurement (years) has equal intervals--the distance from year to year is 365 days), income, number of children, and number of years married.  All math operations are permitted for data measured at this level.  

2.  A single variable can be measured in any of the three levels, with “education” as an example.  It is nominal, if asking "Do you have a college degree?" with Yes or No as the responses, ordinal, if asking "What educational degrees do you have, with High School Diploma, Associate Degree, College Degree, Master's, etc. as the choices, and interval/ratio if asking "How many years have you been in school?"  

3.  If you are having problems deciding the level of measurement for variables, you need to contact your professor as soon as possible.  Everything in the course is organized around these levels of measurement, and it is critical to your success in the course that you master this concept at this time.  It is common for students to have a problem with levels of measurement.  In some respects, it is the area where students have the most difficulty in the whole course.  If you will contact your professor, with just a little practice, you will be able to figure out the levels of measurement.  
