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Descriptive versus Inferential Statistics:

Definition of Descriptive and Inferential Statistics

For the following material, I relied on Statistics, Fifth Edition, by Joseph F. Healey, Wadsworth Publishing Co., 1999. ISBN: 0-534-55260-9. This is not to be construed as an endorsement of the text. It was sent to me for consideration as a statistics text. I like it. It covers rather more than I think we can presently include in our course. But it is clearly written, and includes examples on SPSS. We will further consider it for adoption. You can review it in my office. jeanne

* Descriptive Statistics

Descriptive statistics comprises the kind of analyses we use when we want to describe the population we are studying, and when we have a population that is small enough to permit our including every case.

For example, we might want to describe a physics class and compare it to a class of English literature. We might want to compare the gender composition of the classes, the math attitudes of the two classes, the familial demands and supports of the two classes. Descriptive statistics would allow us to do this.

o The classes are small enough that we can include the whole class in our studies.

o We would have to agree on how to measure gender, math attitude, and familial demands.

o We could then interview the students in the classes, or survey them, or ask them to tell their stories about these issues and code them by content analysis.

o Then we COULD DESCRIBE how these issues affect the members of the classes we studied, and how these variables are related in those classes.

o We COULD NOT CONCLUDE that our results could be generalized to all physics and english literature classes because we have no idea whether the classes in our study were REPRESENTATIVE OF all physics and English literature classes. 

* Inferential Statistics

The important keys to the difference between descriptive and inferential statistics are the capitalized words in the description: COULD DESCRIBE, COULD NOT CONCLUDE, AND REPRESENTATIVE OF.

Descriptive statistics can describe the actual sample you study. But to extend your conclusions to a broader population, like all such classes, all workers, all women, you must be use inferential statistics, which means you have to be sure the sample you study is representative of the group you want to generalize to.

This means you can't do a study at the local mall and claim that what you find is valid for all shoppers and malls.

You can't do a study on college sophomores and claim that what you find is valid for the general population.

You can't give a women's movement that includes a majority of a single ethnic group and claim that what you find is valid for women of all ethnic groups.

As you can see, descriptive statistics are useful and serviceable if you don't need to extend your results to whole segments of the population. But the social sciences tend to esteem studies that give us more or less "universal" truths, or at least truths that apply to large segments of the population, like all teenagers, all parents, all women, all perpetrators, all victims, or a fairly large segment of such groups.

Leaving aside the philosophical and methodological soundness of such a search for some kind of general conclusion, different statistical approaches must be used if you aspire to generalize. And the primary difference is that of SAMPLING. You must choose a sample that is REPRESENTATIVE OF THE GROUP TO WHICH YOU PLAN TO GENERALIZE.

Tests of significance are about this problem of generalization. A Chi-Sqaure or a T-Test tells you the probablility that the results you found in the group you studied are representative of the population that group was chosen to represent. Put in other terms that you will hear frequently, Chi-Sqaure or a t-test gives you the probability that the results you found could have occurred by chance when there is really no relationship at all between the variables you studied in the population.

* Summary:

o Descriptive statistics are for describing data on the group you study. Example: Babbie and Halley's survey for describing your own class.

o Inferential statistics are for generalizing your findings to a broader population group. Example: Babbie and Halley's analysis of SPSS data that can be generalized to the population at large.



Categorical versus Quantitative Data:

Different types of variables

Quantitative Variable
A quantitative variable is naturally measured as a number for which meaningful arithmetic operations make sense. Examples: Height, age, crop yield, GPA, salary, temperature, area, air pollution index (measured in parts per million), etc.

Categorical Variable
Any variable that is not quantitative is categorical. Categorical variables take a value that is one of several possible categories. As naturally measured, categorical variables have no numerical meaning. Examples: Hair color, gender, field of study, college attended, political affiliation, status of disease infection. 

 

In a study asking respondents to identify themselves as Republican, Democrat or Independent or Other, each respondent will answer with exactly one of these. These are the values the variable takes. Republican is not a variable (it does not vary from person to person) but party affiliation is (it does vary from person to person).

 

Often categorical variables are disguised as quantitative variables. For example, one might record gender information coded as 0 = Male, 1 = Female. (Data is generally easier to manipulate in an analysis spreadsheet when it's coded quantitatively.) Still---the variable is categorical; it is not naturally measured as a number. In some cases it's tougher to make the distinction. A psychologist may collect survey data of the following nature

  

How do you feel about the information on this page? (Circle one.)
	1 
	2 
	3 
	4 
	5 

	Awful 
	Poor 
	OK 
	Good 
	Great 


It's a toss up. Technically the numbers are artificial. But, the psychologist will work with these numbers as though they had meaning. For instance, two people might respond "Awful" and "OK." The psychologist would record 1 and 3 and, perhaps, compute an average of 2.0. From my point of view it's meaningless to have the average of Awful and OK being Poor! Nevertheless, this sort of scale (called a "Likert Scale") is often used in social science research. I'd classify this variable as categorical; it would not be entirely incorrect to classify it as quantitative.

You can see how any categorical variable may be coded to look like a quantitative variable---simply by arbitrarily assigning numbers to categories.

Ordinal Variable
On ordinal variable is a special type of categorical variable for which the levels can be naturally ordered. The example above provides a good illustration of an ordinal variable. Even if we ignore the numbers, we still may order the responses. Awful is "worse than" Poor; Poor is worse than OK; OK is worse than Good; Good is worse than Great. A natural ordering exists for these categories. Contrast this with a categorical variable such as hair color. There is no natural ordering for the various colors of hair..

Math 158 students do not worry much about ordinal variables. They treat them as if they were categorical variables. However, in advance statistics ordinal variables are treated differently to make use of the added structure they give to a variable.


Additional Notes on Categorical versus Quantitative Data:

Categorical data can also be broken down into Nominal & Ordinal data, while Quantitative data can also be broken down into Interval & Ratio data.  Nominal data is categorical data which has no natural order, such as political parties (putting political affiliation aside, one cannot say that Republicans are ranked higher than Democrats or higher than Libertarians; the category names have no order and no numerical meaning).  Ordinal data is categorical data which has a natural order (as described in the previous article), such as ranking height as short, average, and tall.  Interval data is quantitative data which has no absolute zero point, but has “equal” spacing between categories.

	1 
	2 
	3 
	4 
	5 

	Awful 
	Poor 
	OK 
	Good 
	Great 


While the author of the previous article considers the above Likert scale to be ordinal data, it could also be considered interval data if the difference between Awful and Poor is the same as the difference between Poor and OK and so forth.  A better scale is shown below which would better represent interval data:

	Number Representation:
	1
	2
	3
	4
	5

	Degrees (Fahrenheit):
	(-30)-(-1)
	0-29
	30-59
	60-89
	90-119


Using the above table, there is equal spacing between each interval, and there is no absolute zero point (0 degrees Fahrenheit is not the lowest temperature possible, or another way to look at it is that 60 degrees Fahrenheit is not twice as hot as 30 degrees Fahrenheit).
The final type of data is ratio data, which is quantitative and has an absolute zero point, such as height or temperature measured in Kelvin.



Different Ways to Present Data, Both Visually & Numerically:

Discrete Data 

A set of data is said to be discrete if the values / observations belonging to it are distinct and separate, i.e. they can be counted (1,2,3,....). Examples might include the number of kittens in a litter; the number of patients in a doctors surgery; the number of flaws in one metre of cloth; gender (male, female); blood group (O, A, B, AB).

Compare continuous data.


Categorical Data 

A set of data is said to be categorical if the values or observations belonging to it can be sorted according to category. Each value is chosen from a set of non-overlapping categories. For example, shoes in a cupboard can be sorted according to colour: the characteristic 'colour' can have non-overlapping categories 'black', 'brown', 'red' and 'other'. People have the characteristic of 'gender' with categories 'male' and 'female'.

Categories should be chosen carefully since a bad choice can prejudice the outcome of an investigation. Every value should belong to one and only one category, and there should be no doubt as to which one.


Nominal Data 

A set of data is said to be nominal if the values / observations belonging to it can be assigned a code in the form of a number where the numbers are simply labels. You can count but not order or measure nominal data. For example, in a data set males could be coded as 0, females as 1; marital status of an individual could be coded as Y if married, N if single.


Ordinal Data 

A set of data is said to be ordinal if the values / observations belonging to it can be ranked (put in order) or have a rating scale attached. You can count and order, but not measure, ordinal data.

The categories for an ordinal set of data have a natural order, for example, suppose a group of people were asked to taste varieties of biscuit and classify each biscuit on a rating scale of 1 to 5, representing strongly dislike, dislike, neutral, like, strongly like. A rating of 5 indicates more enjoyment than a rating of 4, for example, so such data are ordinal.

However, the distinction between neighbouring points on the scale is not necessarily always the same. For instance, the difference in enjoyment expressed by giving a rating of 2 rather than 1 might be much less than the difference in enjoyment expressed by giving a rating of 4 rather than 3.


Interval Scale 

An interval scale is a scale of measurement where the distance between any two adjacents units of measurement (or 'intervals') is the same but the zero point is arbitrary. Scores on an interval scale can be added and subtracted but can not be meaningfully multiplied or divided. For example, the time interval between the starts of years 1981 and 1982 is the same as that between 1983 and 1984, namely 365 days. The zero point, year 1 AD, is arbitrary; time did not begin then. Other examples of interval scales include the heights of tides, and the measurement of longitude.


Continuous Data 

A set of data is said to be continuous if the values / observations belonging to it may take on any value within a finite or infinite interval. You can count, order and measure continuous data. For example height, weight, temperature, the amount of sugar in an orange, the time required to run a mile.

Compare discrete data.


Frequency Table 

A frequency table is a way of summarising a set of data. It is a record of how often each value (or set of values) of the variable in question occurs. It may be enhanced by the addition of percentages that fall into each category.

A frequency table is used to summarise categorical, nominal, and ordinal data. It may also be used to summarise continuous data once the data set has been divided up into sensible groups.

When we have more than one categorical variable in our data set, a frequency table is sometimes called a contingency table because the figures found in the rows are contingent upon (dependent upon) those found in the columns.

Example 

Suppose that in thirty shots at a target, a marksman makes the following scores: 

	5 2 2 3 4
	4 3 2 0 3
	0 3 2 1 5

	1 3 1 5 5
	2 4 0 0 4
	5 4 4 5 5


The frequencies of the different scores can be summarised as: 

	Score 
	Frequency 
	Frequency (%) 

	0
	4
	13%

	1
	3
	10%

	2
	5
	17%

	3
	5
	17%

	4
	6
	20%

	5
	7
	23%



Pie Chart 

A pie chart is a way of summarising a set of categorical data. It is a circle which is divided into segments. Each segment represents a particular category. The area of each segment is proportional to the number of cases in that category.

Example 

Suppose that, in the last year a sports wear manufacturers has spent 6 million pounds on advertising their products; 3 million has been spent on television adverts, 2 million on sponsorship, 1 million on newspaper adverts, and a half million on posters. This spending can be summarised using a pie chart:
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Bar Chart 

A bar chart is a way of summarising a set of categorical data. It is often used in exploratory data analysis to illustrate the major features of the distribution of the data in a convenient form. It displays the data using a number of rectangles, of the same width, each of which represents a particular category. The length (and hence area) of each rectangle is proportional to the number of cases in the category it represents, for example, age group, religious affiliation.

Bar charts are used to summarise nominal or ordinal data.

Bar charts can be displayed horizontally or vertically and they are usually drawn with a gap between the bars (rectangles), whereas the bars of a histogram are drawn immediately next to each other.
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Dot Plot 

A dot plot is a way of summarising data, often used in exploratory data analysis to illustrate the major features of the distribution of the data in a convenient form.

For nominal or ordinal data, a dot plot is similar to a bar chart, with the bars replaced by a series of dots. Each dot represents a fixed number of individuals. For continuous data, the dot plot is similar to a histogram, with the rectangles replaced by dots.

A dot plot can also help detect any unusual observations (outliers), or any gaps in the data set.


Histogram 

A histogram is a way of summarising data that are measured on an interval scale (either discrete or continuous). It is often used in exploratory data analysis to illustrate the major features of the distribution of the data in a convenient form. It divides up the range of possible values in a data set into classes or groups. For each group, a rectangle is constructed with a base length equal to the range of values in that specific group, and an area proportional to the number of observations falling into that group. This means that the rectangles might be drawn of non-uniform height.

The histogram is only appropriate for variables whose values are numerical and measured on an interval scale. It is generally used when dealing with large data sets (>100 observations), when stem and leaf plots become tedious to construct. A histogram can also help detect any unusual observations (outliers), or any gaps in the data set.
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Compare bar chart.


Stem and Leaf Plot 

A stem and leaf plot is a way of summarising a set of data measured on an interval scale. It is often used in exploratory data analysis to illustrate the major features of the distribution of the data in a convenient and easily drawn form.

A stem and leaf plot is similar to a histogram but is usually a more informative display for relatively small data sets (<100 data points). It provides a table as well as a picture of the data and from it we can readily write down the data in order of magnitude, which is useful for many statistical procedures, e.g. in the skinfold thickness example below:
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We can compare more than one data set by the use of multiple stem and leaf plots. By using a back-to-back stem and leaf plot, we are able to compare the same characteristic in two different groups, for example, pulse rate after exercise of smokers and non-smokers.


Box and Whisker Plot (or Boxplot) 

A box and whisker plot is a way of summarising a set of data measured on an interval scale. It is often used in exploratory data analysis. It is a type of graph which is used to show the shape of the distribution, its central value, and variability. The picture produced consists of the most extreme values in the data set (maximum and minimum values), the lower and upper quartiles, and the median.

A box plot (as it is often called) is especially helpful for indicating whether a distribution is skewed and whether there are any unusual observations (outliers) in the data set.

Box and whisker plots are also very useful when large numbers of observations are involved and when two or more data sets are being compared.
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See also 5-Number Summary.


5-Number Summary 

A 5-number summary is especially useful when we have so many data that it is sufficient to present a summary of the data rather than the whole data set. It consists of 5 values: the most extreme values in the data set (maximum and minimum values), the lower and upper quartiles, and the median.

A 5-number summary can be represented in a diagram known as a box and whisker plot. In cases where we have more than one data set to analyse, a 5-number summary is constructed for each, with corresponding multiple box and whisker plots.


Outlier 

An outlier is an observation in a data set which is far removed in value from the others in the data set. It is an unusually large or an unusually small value compared to the others.

An outlier might be the result of an error in measurement, in which case it will distort the interpretation of the data, having undue influence on many summary statistics, for example, the mean.

If an outlier is a genuine result, it is important because it might indicate an extreme of behaviour of the process under study. For this reason, all outliers must be examined carefully before embarking on any formal analysis. Outliers should not routinely be removed without further justification.


Symmetry 

Symmetry is implied when data values are distributed in the same way above and below the middle of the sample.

Symmetrical data sets: 

a. are easily interpreted; 

b. allow a balanced attitude to outliers, that is, those above and below the middle value ( median) can be considered by the same criteria; 

c. allow comparisons of spread or dispersion with similar data sets. 

Many standard statistical techniques are appropriate only for a symmetric distributional form. For this reason, attempts are often made to transform skew-symmetric data so that they become roughly symmetric.


Skewness 

Skewness is defined as asymmetry in the distribution of the sample data values. Values on one side of the distribution tend to be further from the 'middle' than values on the other side.

For skewed data, the usual measures of location will give different values, for example, mode<median<mean would indicate positive (or right) skewness.

Positive (or right) skewness is more common than negative (or left) skewness.

If there is evidence of skewness in the data, we can apply transformations, for example, taking logarithms of positive skew data.

Compare symmetry.


Transformation to Normality 

If there is evidence of marked non-normality then we may be able to remedy this by applying suitable transformations.

The more commonly used transformations which are appropriate for data which are skewed to the right with increasing strength (positive skew) are 1/x, log(x) and sqrt(x), where the x's are the data values.

The more commonly used transformations which are appropriate for data which are skewed to the left with increasing strength (negative skew) are squaring, cubing, and exp(x).


Scatter Plot 

A scatterplot is a useful summary of a set of bivariate data (two variables), usually drawn before working out a linear correlation coefficient or fitting a regression line. It gives a good visual picture of the relationship between the two variables, and aids the interpretation of the correlation coefficient or regression model.

Each unit contributes one point to the scatterplot, on which points are plotted but not joined. The resulting pattern indicates the type and strength of the relationship between the two variables.
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Illustrations 

a. The more the points tend to cluster around a straight line, the stronger the linear relationship between the two variables (the higher the correlation). 

b. If the line around which the points tends to cluster runs from lower left to upper right, the relationship between the two variables is positive (direct). 

c. If the line around which the points tends to cluster runs from upper left to lower right, the relationship between the two variables is negative (inverse). 

d. If there exists a random scatter of points, there is no relationship between the two variables (very low or zero correlation). 

e. Very low or zero correlation could result from a non-linear relationship between the variables. If the relationship is in fact non-linear (points clustering around a curve, not a straight line), the correlation coefficient will not be a good measure of the strength. 

A scatterplot will also show up a non-linear relationship between the two variables and whether or not there exist any outliers in the data.

More information can be added to a two-dimensional scatterplot - for example, we might label points with a code to indicate the level of a third variable.

If we are dealing with many variables in a data set, a way of presenting all possible scatter plots of two variables at a time is in a scatterplot matrix.


Sample Mean 

The sample mean is an estimator available for estimating the population mean . It is a measure of location, commonly called the average, often symbolised [image: image7.png]


.

Its value depends equally on all of the data which may include outliers. It may not appear representative of the central region for skewed data sets.

It is especially useful as being representative of the whole sample for use in subsequent calculations.

Example 

Lets say our data set is: 5 3 54 93 83 22 17 19. 

The sample mean is calculated by taking the sum of all the data values and dividing by the total number of data values: 
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See also expected value.


Median 

The median is the value halfway through the ordered data set, below and above which there lies an equal number of data values.

It is generally a good descriptive measure of the location which works well for skewed data, or data with outliers.

The median is the 0.5 quantile.

Example 

With an odd number of data values, for example 21, we have: 

	Data
	
	96 48 27 72 39 70 7 68 99 36 95 4 6 13 34 74 65 42 28 54 69

	Ordered Data
	
	4 6 7 13 27 28 34 36 39 42 48 54 65 68 69 70 72 74 95 96 99

	Median
	
	48, leaving ten values below and ten values above


With an even number of data values, for example 20, we have: 

	Data
	
	57 55 85 24 33 49 94 2 8 51 71 30 91 6 47 50 65 43 41 7

	Ordered Data
	
	2 6 7 8 24 30 33 41 43 47 49 50 51 55 57 65 71 85 91 94

	Median
	
	Halfway between the two 'middle' data points - in this case halfway between 47 and 49, and so the median is 48



Mode 

The mode is the most frequently occurring value in a set of discrete data. There can be more than one mode if two or more values are equally common.

Example 

Suppose the results of an end of term Statistics exam were distributed as follows: 

	Student:
	Score:

	1
	94

	2
	81

	3
	56

	4
	90

	5
	70

	6
	65

	7
	90

	8
	90

	9
	30


Then the mode (most common score) is 90, and the median (middle score) is 81. 


Dispersion 

The data values in a sample are not all the same. This variation between values is called dispersion.

When the dispersion is large, the values are widely scattered; when it is small they are tightly clustered. The width of diagrams such as dot plots, box plots, stem and leaf plots is greater for samples with more dispersion and vice versa.

There are several measures of dispersion, the most common being the standard deviation. These measures indicate to what degree the individual observations of a data set are dispersed or 'spread out' around their mean.

In manufacturing or measurement, high precision is associated with low dispersion.


Range 

The range of a sample (or a data set) is a measure of the spread or the dispersion of the observations. It is the difference between the largest and the smallest observed value of some quantitative characteristic and is very easy to calculate.

A great deal of information is ignored when computing the range since only the largest and the smallest data values are considered; the remaining data are ignored.

The range value of a data set is greatly influenced by the presence of just one unusually large or small value in the sample (outlier).

Examples 

1. The range of 65,73,89,56,73,52,47 is 89-47 = 42. 

2. If the highest score in a 1st year statistics exam was 98 and the lowest 48, then the range would be 98-48 = 50. 


Inter-Quartile Range (IQR) 

The inter-quartile range is a measure of the spread of or dispersion within a data set.

It is calculated by taking the difference between the upper and the lower quartiles. For example:

	Data
	
	2 3 4 5 6 6 6 7 7 8 9

	Upper quartile
	
	7

	Lower quartile
	
	4

	IQR
	
	7 - 4 = 3


The IQR is the width of an interval which contains the middle 50% of the sample, so it is smaller than the range and its value is less affected by outliers.


Quantile 

Quantiles are a set of 'cut points' that divide a sample of data into groups containing (as far as possible) equal numbers of observations.

Examples of quantiles include quartile, quintile, percentile.


Percentile 

Percentiles are values that divide a sample of data into one hundred groups containing (as far as possible) equal numbers of observations. For example, 30% of the data values lie below the 30th percentile.

See quantile. 
Compare quintile, quartile.


Quartile 

Quartiles are values that divide a sample of data into four groups containing (as far as possible) equal numbers of observations.

A data set has three quartiles. References to quartiles often relate to just the outer two, the upper and the lower quartiles; the second quartile being equal to the median. The lower quartile is the data value a quarter way up through the ordered data set; the upper quartile is the data value a quarter way down through the ordered data set.

Example 

	Data
	
	6 47 49 15 43 41 7 39 43 41 36

	Ordered Data
	
	6 7 15 36 39 41 41 43 43 47 49

	Median
	
	41

	Upper quartile
	
	43

	Lower quartile
	
	15


See quantile. 
Compare percentile, quintile.


Quintile 

Quintiles are values that divide a sample of data into five groups containing (as far as possible) equal numbers of observations.

See quantile. 
Compare quartile, percentile.


Sample Variance 

Sample variance is a measure of the spread of or dispersion within a set of sample data.

The sample variance is the sum of the squared deviations from their average divided by one less than the number of observations in the data set. For example, for n observations x1, x2, x3, ... , xn with sample mean 
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the sample variance is given by 
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See also variance.


Standard Deviation 

Standard deviation is a measure of the spread or dispersion of a set of data.

It is calculated by taking the square root of the variance and is symbolised by s.d, or s. In other words 
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The more widely the values are spread out, the larger the standard deviation. For example, say we have two separate lists of exam results from a class of 30 students; one ranges from 31% to 98%, the other from 82% to 93%, then the standard deviation would be larger for the results of the first exam.


Coefficient of Variation 

The coefficient of variation measures the spread of a set of data as a proportion of its mean. It is often expressed as a percentage.

It is the ratio of the sample standard deviation to the sample mean: 
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There is an equivalent definition for the coefficient of variation of a population, which is based on the expected value and the standard deviation of a random variable.
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