Introduction

Basic Definitions 

To understand statistics, the student must first have a basic knowledge of some definitions. 

Statistics is the study or science of describing and interpreting data. 
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	Breakdown of the subject of statistics


Data are the collection of observations or measurements on a variable. Data are the statistician's raw material, the numbers used to interpret reality. 

Quantitative data are data values that are numeric. Quantitative data are either:

· Discrete: 
Data which can assume only certain values, and there are usually "gaps" between the values, such as the number of children in your family.

· Or, Continuous: 
Data which can assume any value within a specific range, such as the time it takes you to complete this assignment. 

Qualitative data are nonnumeric data values that can be placed into distinct categories according to some characteristic or attribute but cannot be measured. 

A Variable is a characteristic that assumes different values. For example, the number of students in a statistics class is a variable. Variables can be classified in a number of ways:

· Independent variable: is a variable in an experiment that is manipulated by the experimenter. Independent variables are normally designated by the letter X. 

· Dependent variables: are measured from the subjects. Dependent variables are normally designated by the letter Y. 

· Random Variable: values are determined by chance. Test scores, IQ, weight, etc. are normally random variables. 

· Fixed Variables: are determined by nature or the experimenter. Gender, age, race are examples of fixed variables. 

A population is any entire collection of people, animals, plants, or things from which we may collect data. It is the entire group we are interested in, which we wish to describe or draw conclusions about. 

In order to make any generalizations about a population, a sample, that is meant to be representative of the population, is often studied. For each population there are many possible samples. A sample statistic gives information about a corresponding population parameter. For example, the sample mean for a set of data would give information about the overall population mean. 

It is important that the investigator carefully and completely defines the population before collecting the sample, including a description of the members to be included. 

The population for a study of math proficiency might be all high school students in the US The sample might be all high school students in Florida. 

A sample is a group of units selected from a larger group (the population). By studying the sample, it is hoped to draw valid conclusions about the larger group. 

A sample is generally selected for study because the population is too large to study in its entirety. The sample should be representative of the general population. This is often best achieved by random sampling. Also, before collecting the sample, it is important that the researcher carefully and completely defines the population, including a description of the members to be included.
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	The relationship between sample and population 


Scales of Measurement
The scales describing variables are the Nominal, the Ordinal, the Interval, and the Ratio. As you will see, each is at a level of increasing complexity. 

1. The Nominal scale: 
This is so-called because it is based on naming things. Its categories are qualitative. No ordering of the cases is implied. For example, Chevrolets, gender, political party, A's, B's, C's, etc. This scale only allows you to count in a yes/no fashion. Another example, jersey numbers in football are measures at the nominal level. A player with number 60 is not more of a player than the player with number 30 and is certainly not twice the player number 15 is.
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	With the Nominal scale we can identify three different groups but can only say how many there are in each group. 


2. The Ordinal scale: 
This scale is based on relative rank. Something is more or less than something else without concern for the amount of difference, just the relative position such as first, second, third, etc. This scale is a step above the nominal scale in complexity since you can name things and also rank order them. Distances between attributes do not have any meaning. For example, on a survey you might use a Likert scale where 1=strongly disagree; 2= disagree; 3=agree; 4=strongly agree. In this measure, higher numbers mean more agreement. But is distance from 1 to 2 same as 3 to 4? Of course not. The interval between values is not interpretable in an ordinal measure. 
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	With the Ordinal, scale we can identify three different groups and rank them but not tell the distance between them. 


3. The Interval scale: 
In interval measurement the distance between attributes does have meaning. For example, when we measure temperature (in Fahrenheit), the distance from 30-40 is same as distance from 70-80. The interval between values is interpretable. Because of this, it makes sense to compute an average of an interval variable, where it doesn't make sense to do so for ordinal scales. But note that in interval measurement ratios don't make any sense - 80 degrees is not twice as hot as 40 degrees (although the attribute value is twice as large).
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	With the Interval scale, we can identify the time and the distance between the hours has meaning but there is no absolute zero.


4. The Ratio scale: 
In ratio measurement, there is always an absolute zero that is meaningful. This means that you can construct a meaningful fraction (or ratio) with a ratio variable. Weight is a ratio variable. In applied social research, most "count" variables are ratio, for example, the number of clients in past six months. Why? Because you can have zero clients and because it is meaningful to say that "...we had twice as many clients in the past six months as we did in the previous six months." Examples of ratio scales are height and weight. Unfortunately, there are few ratio scales in education and psychology. The advantage of ratio scales is that they permit ratio statements. For example, one can say that an individual whose height is 152.4 centimeters is twice as tall as an individual who height is 76.2 centimeters. In contrast, a student who earns a score of 48 on a test cannot be said to be twice as proficient as a student who earns a score of 24 on the same test since a score of zero probably does not indicate absolutely any proficiency at all. One of the few instances in which ratio statements can be made in educational studies is when time to achieve a particular standard of proficiency is used. Thus, if it takes a group of students an average of six hours of study to reach a particular standard while it takes another comparable group of students an average of twelve hours to reach the same standard, one could make a ratio statement about the efficacy of the method used to teach one group vs. the other.
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	A number line represents a ratio scale.

	With the ratio scale, we can identify different groups (points) and tell the proportionate difference between them. 


It's important to recognize that there is a hierarchy implied in the level of measurement idea. At lower levels of measurement, assumptions tend to be less restrictive and data analyses tend to be less sensitive. At each level up the hierarchy, the current level includes all of the qualities of the one below it and adds something new. In general, it is desirable to have a higher level of measurement (e.g., interval or ratio) rather than a lower one (nominal or ordinal). 
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	The Measurement Scale


Types of Scales
	Type of scale
	Meaningful
	Examples

	  
	Order of categories
	Distances between categories
	Ratios between values
	 

	Nominal
	No
	No
	No
	Models of cars. Jersey number in football.

	Ordinal
	Yes
	No
	No
	Rankings of college football teams. Horse race results.

	Interval
	Yes
	Yes
	No
	Years since the Ice Age. A child's temperature.

	Ratio
	Yes
	Yes
	Yes
	The weight of an individual. Number of students in a class. 


Measures for different types of scales
	Type of scale 
	Measures of central tendency
	 
	Measures of dispersion

	 
	Mean
	Median
	Mode
	Percentiles, quartiles
	Range, standard deviation

	Nominal
	No
	No
	Yes
	No
	No

	Ordinal
	No
	Yes
	Yes
	Yes
	No

	Interval
	Yes
	Yes
	Yes
	Yes
	Yes

	Ratio
	
	
	
	
	


Statistical Notation 

Parameter: 
A parameter is a characteristic of or a fact about a population. It is a value, usually unknown (and therefore has to be estimated), used to represent a certain population characteristic. For example, the population mean µ, is a parameter that is often used to indicate the average value of a quantity. 

Within a population, a parameter is a fixed value which does not vary. Each sample drawn from the population has its own value of any statistic that is used to estimate this parameter. For example, the mean of the data in a sample is used to give information about the overall mean µ in the population from which that sample was drawn. 

For example, we may be interested in studying the distribution of GRE math scores for graduate students entering the University of West Florida. In this case, the mean GRE score for all applicants may be 550.

Parameters are designated by Greek letters:
	Greek Letters Commonly Used as Statistical Notations

	alpha
	beta
	Chi-square
	delta
	mu
	nu
	pi
	rho
	sigma
	tau
	theta

	α
	β
	χ2
	δ
	μ
	ν
	π
	ρ
	
	τ
	θ


Note: Chi-square, χ2, is not the square of anything; its name is simply Chi-square (read, ki-square). 

Statistic:
A statistic is a characteristic of or a fact about a sample. It is used to give information about unknown values in the corresponding population. For example, we may be interested in studying the distribution of GRE math scores for graduate students entering the University of West Florida. In this case, the mean GRE score for a sample of 25 applicants may be 535.

It is possible to draw more than one sample from the same population and the value of a statistic will in general vary from sample to sample. For example, the average value in a sample is a statistic. The average values in more than one sample, drawn from the same population, will not necessarily be equal. 

Statistics are assigned Roman letters (e.g., χ, s, s2). 

The word estimate means to esteem, that is giving a value to something. A statistical estimate is an indication of the value of an unknown quantity based on observed data. 

More formally, an estimate is the particular value of an estimator that is obtained from a particular sample of data and used to indicate the value of a parameter.

Example: Suppose the Chancellor of UALR wanted to know μ, the mean GRE score for all students enrolled in a graduate program. He could calculate the average GRE of the hundreds of students, enrolled in a graduate program that is, the population mean μ. Instead, he could use an estimate of this population mean μ by calculating the mean of a representative sample of students. If this value was found to be 1100, then 1100 would be his estimate. 
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