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GRAPHICAL AND TABULAR SUMMARIES OF DATA
Objectives 

· to identify reasons that graphs and tables are important forms of communication in research 
· to illustrate graphical presentation of univariate and bivariate data

· to provide rules for the proper construction of graphs and tables
· to identify ways of interpreting graphs 

· to show that graphs can be used for prediction
Importance of Graphs and Tables


“A picture is worth a thousand words” has some truth to it. Graphs can conveniently convey information that would be more difficult to understand if written as prose. It may be difficult to convey the nature of a relationship of one variable on another, such as sediment erosion from construction sites and stream pollution. A graph can convey the type of relationship (direct or indirect), the strength of the relationship (high vs. low correlation), the form of the model (linear vs. nonlinear), the presence of outliers, and the range of the data used to calibrate a model from the data. To convey all of these characteristics in words would be difficult. 

The same idea is true for tables. Data expressed in tabular form can reveal effects between variables, extreme events, and the form of a model that would best represent a data set. Data presented in tabular form also provide an exact record of measurements, which is important in research. Having all data available in tabular form will enable others to check your analyses.

Graphs and tables are effective for communicating knowledge only if they are properly structured. Table 1 gives some general guidelines for formatting figures. Table 2 includes rules for structuring tables, and Table 3 lists rules that apply to both tables and figures. These guidelines and rules are illustrated by the figures and tables included herein. As you are reading the lists of rules, you should look at a few figures and tables herein to understand what is meant by the rule.
Illustrations


All illustrations except tabular data should be labeled figures. Many of the rules for tables are applicable to illustrations. The categories of illustrations can include figures (e.g., graphs and sketches), nomographs, photographs, or descriptive summaries not in tabular form. Figures should be designated by an Arabic numeral and numbered consecutively throughout the report. For reports that are subdivided by sections or chapters, the section or chapter number may be included as part of the figure number.

For figures with multiple lines, a description of the individual lines should be placed next to the line, unless it is part of the title or included in a box within the figure itself. For multiple-line illustrations, various combinations of broken lines can be used to distinguish them. A few such forms are: (_______), ( ‑  ‑  ‑  ‑)(-----), ( ‑ • ‑ •), (‑ •• ‑).
Pie Charts 


When data are expressed as percentages, proportions, or fractions of a whole, pie charts can be used to enhance the material. A round circle is used to represent 100%, and the “pie” is sectioned according to the percentages. Since a circle is divided into 360°, then to delineate the radii that separate the sections of the pie chart multiply the proportion by 360° and delineate a pie slice of that number of degrees. For example, if one item represent 22% of the whole, then a pie slice of 79.2° would be allocated to the item. The same material could be presented as a table, but it would not be as effective. The pie chart has the advantage that the size of the pie slice gives a direct visual sense of the numerical values. Figure 1 is an example of a pie chart.
Histograms


Histograms are also an effective form of graphics. The lengths of the bars in the histogram reflect the magnitude. Fig. 2 shows a histogram of the base price of five automobiles. In Fig. 2a the scale for the ordinate is limited to the range from $10,000 to $14,000; this gives the impression of a large difference between the smallest and largest ordinates. In Fig. 2b, the scale for the ordinate is given from $0 to $14,000, so the differences between the ordinates are perceived to be relatively small (compared with part a). As a general rule, the scale should be selected to present the data in such a way that meaningful differences are evident and insignificant differences do not appear as differences. Unfortunately, histograms are sometimes structured to support the author’s bias by making a difference appear significant when the difference is not important.

Histograms can also be used when more than one variable is involved. In such cases, the variables are grouped together for each item. Fig. 3 characterizes the nutritional content of five breakfast cereals by showing three ingredients of the cereals: fat, fiber, and sugar. The histogram clearly shows the difference in the nutritional content of the five types of breakfast cereals.
Tables 


Numerical values shown in table columns should be properly aligned. For columns of integer values, the numbers should be right justified. For numbers with decimal points, the values should be aligned with the decimal points. Numbers should be shown using commonly accepted rules for specifying the number of significant digits. Computer programs that print several unnecessary trailing zeros should be modified to eliminate the meaningless zeros. Numbers less than 1 in absolute value should include a leading zero, for example, 0.023 rather than .023.

Footnotes can be an important part of a table. They can be used to indicate the source of the table, provide notation and definitions, or to explain information in the table. Footnotes should be placed below a blank line of separation. A reference mark is sometimes used to indicate the column or part of the table to which the footnote refers.

A few other points on tables: (1) Tables can have multiple parts; (2) tables can have layered column headings; and (3) when a table must be continued on a second page, write “continued” at the bottom of the first page of the table, and as the title for the second page, indicate the table number followed by word “continued” in parentheses.
TABLE 1.
Rules for Making Graphs 

· The figure number and title of the figure are placed at the bottom of the figure

· For multipart figures, the title should be used to describe all parts of the figure; it is not appropriate for each part of the figure to have its own title

· The title should be very descriptive, such that the figure can be understood independent of the text description
· If possible, avoid colored figures, as the colors will not be reproduced on a photocopier 

· Axes must be clearly labeled, with the units of the variable indicated in parentheses

· Lines, such as linear regression lines, should be clearly shown

· Insets should not interfere with reading values from the figure

TABLE 2.
Rules for Structuring Tables
· The title is placed at the top of the table 
· Each table should be numbered and have a descriptive title
· Columns of a table should be accurately labeled at the top of the column

· The units of the variable for that column should be placed in parentheses as part of the column heading
· If a variable in the data base has just one value, it should not be included as a column; instead, it can be included in the title of the table.

· Acronyms used in the column headings should defined in the title of the table

TABLE 3.
Rules for Graphs and Tables 
· Figures and tables should be placed at a location within a report near the first mention of it.
· If the analyses result in numerous tables or figures, such that they would be distracting if included in the body of the report, then they should be placed in an appendix, with only one or two included in the body of the report
· All acronyms used in the figure or table should be defined in the title of the figure or table

· As a table or figure should be understood independent of the written report, the title should be very descriptive  

· Folded illustrations should be avoided since they are troublesome to reproduce and tend to deteriorate much more quickly than the remainder of the report.
CONSTRUCTING x-y GRAPHS 

To create a graph for (x,y) pairs of points, the following steps should be followed:

1. Identify the largest and smallest values of both the x and the y variables: Xmax, Xmin, Ymax, Ymin.
2. Compute the range of the two variables: Rx = Xmax - Xmin and

Ry = Ymax - Ymin.
3. Decide on approximate lengths, in cm, of the two axes: Lx and Ly.

4. Divide each range by the scale length: nx = Rx/Lx and ny = Ry/Ly.

5. Round the values of nx and ny to convenient intervals Nx and Ny. 

The following examples illustrate the above steps
	case
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(cm)
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The actual size of the graph may need to be different in order to use a scale that is convenient to draft and easy to read. The x-scale was lengthened for cases 2 and 3 and shortened for Case 1. The y-scale was lengthened for cases 1 and 3 and shortened for Case 2. It is better to slightly alter the scale than to use an awkward scale. 


Once the scales are drawn, the points can be marked on the graph. Using the paired values of x and y, i.e., (x,y), enter the graph with the value of x, move vertically until reaching the approximate location of the y values. Identify the exact location of the y value on the y-scale and move horizontally to the vertical line corresponding to the x value. Place a point at the intersection of the two lines and draw a small circle around the point. The ‘target’ approach of circling the point makes it easier to see the points and interpret the graph.
MODELING THE x-y RELATION 

Plots of x-y data are often used to identify the relation between the two variables. The data are used to suggest a functional form of the relation. The relation can be modeled by drawing a line, straight or curved, that reflects the trend shown by the plotted points. A line is generally not drawn through the individual points but instead the line follows the trend of the data. A statistical method called least squares can be used to derive a more objective model than that fitted by eye.
INTERPRETING x-y GRAPHS


Drawing a graph is one step, but the most important step is to properly interpret a graph. A graph can convey a lot of important information, such as:

· the degree of linearity of the relationship between y and x. Do the points appear as a straight line or a curved arc?

· the strength of the relation. Do the measured data points cluster about the trend of the line or are they widely dispersed about the line?
· the slope of the line at any value of x represents the rate of change of y with respect to change in x. Does the slope make sense?
· A positive (negative) slope indicates that y increases as x increases (decreases). Is it rational that the slope is positive (negative)?
· the trend of the line can be extended back to the axis for y at x = 0, which is called the intercept. The intercept represents the value of y when x = 0. Does the intercept suggested by the trend of the data make sense?


To illustrate the interpretation of a graph, consider the case of an aquacultural engineer who looks at the length and weight of trout raised in pens versus the same relation for those raised in the wild. Nine trout are selected from the pen, with their length (L, cm) and weight (W, N) measured.

L
28
31
33
34
36
38
40
41
43


W
29
37
32
35
39
37
43
37
41

The data are graphed in Figure 4. The points suggest that a linear trend is reasonable, although a slightly curved relation may also provide an accurate model. The points show some scatter, so the relation is neither strong nor weak. For example, the graph suggest that a 35-cm long trout might weigh from 32 N to 38 N, which is a considerable scatter. The slope is obviously positive, and indicates that the weight increases with length. A line was drawn by eye through the data points; this line has a constant slope of:
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which indicates that the weight of a trout increases by about 0.8 N per centimeter in length. The intercept may not be relevant in this case because trout of very short lengths are not of concern to the aquaculture engineers.
INTERPOLATING AND EXTRAPOLATING x-y GRAPHS 

You now have a graph that you feel represents the true relation between the two variables. This can now be used to make estimates, i.e., to interpolate or extrapolate values:
Interpolation:
estimating values of y for values of x that are within the range of the measured values of x 

Extrapolation:
estimating values of y for x that are outside the range of the measured values of x 

Using the data of Figure 4, estimation of values W for values of the length L between 28 and 43 would be interpolation, while estimation for L less than 28 or greater than 43 represents extrapolation.
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