How to prepare and interpret graphs and charts

1.  
Content

A graph is picture of information.  It is used to communicate information to a reader.  The purpose is not simply to pack information into a picture.  Rather, it uses a picture in order to call the reader’s attention to information pertinent to the writer’s thesis (conclusion).  (One hopes that the information supports the thesis or conclusion; if it does not, the thesis ought to be revised.)  A graph, therefore, must present exactly the relevant information: nothing more, nothing less.  

A graph must be as simple as possible.  It must never have so much information as to be confusing.  If the graph is too complex, it ought to be broken down into several graphs, each easily interpretable.

As with all legitimate rhetoric, a graph must not be deceptive.  The writer, therefore, must include all relevant information, not just data that supports the thesis.  

A graph ought to have a clear and simple appearance.  Avoid clutter, especially of redundant information.

2.  
Presentation:

A graph will be discussed in the text.  The text will describe and explain the graph and state and interpret the pattern in the graph.  Nevertheless, as much as possible, a graph ought to be self-sufficient.  A reader ought to be able to examine the graph and understand what the graph represents without having to look at the text.  

Labeling is the key to presentation.  Labeling consists of the title, the labels attached to the axes of the graph, and source citation.  

2.1
The Title 

The title should have three qualities: completeness, clarity, and conciseness.  

Completeness:  The title should spell out exactly what the graph is.  It should say what is being measured (the variable) and the nature of the sample (the kind of the unit being studied and the spatial and temporal domain).  For example:

Figure 1: Year in school of students enrolled in Quantitative Reasoning, DePaul University, Autumn, 2001.  

The title tells us that the kind of unit being studied is students at DePaul University enrolled in Quantitative Reasoning (spatial domain) in 2001 (temporal domain) and the variable is their year in school.  

Another example would be:

Figure 2: Distribution of U.S. states on the number of executions, 1991-2000.  

This title tells us that the unit being studied is U.S. states (spatial domain) and that the temporal domain is the decade of the 1990s (temporal domain).  The word “distribution” in the title reveals that the chart is going to show how many states fell into certain categories on the variable, how many persons each state executed.  The title does not tell anything about the nature of the categories.  That would be too much information and too complicated to include in the title.  That information will be presented in the labeling of the relevant axis.  

A final example:

Chart 3: Percentage of U.S. high school students who admit to having used illegal drugs, by year, 1970-2000.  

This title tells us that the information is percentages.  The variable is admitted illegal drug use.  The sample is U.S. high school students in the three decades 1970-2000.  The phrase “by year” reveals that there will be one percentage for each year.  The reader can infer that the chart shows a trend line.  

Clarity means that the title refers to the information as precisely as possible.  This is a criterion of all good writing.  Writing clear titles requires practice.  It also requires that the writer know exactly what is the information she or he is using.  Uncertainty about that will always be manifested in a vague title.

Conciseness means that the title should be as short as possible, without sacrificing clarity.  Other things being equal, the title should not be so imposing that the reader will be deterred from reading it or confused after doing so.  

These three qualities of good titles can stand in tension with each other.  Completeness and conciseness especially can work against each other.  If a title is too long, one should begin by excising information that is redundant with the axis labeling.  So, for instance, if the labels of the axes in Chart 3 (see the title above) clearly indicate that the chart is showing percentages and that the information is for the years 1970-2000, that title could be edited down to: Chart 3: Trend in admitted illegal drug use by U.S. high school students.  If the title still is too long, one can try to rephrase it so as to remove wordiness.  If that fails, then the value of completeness and clarity takes precedence over conciseness.  A brief but incomplete and vague title does not communicate anything and so is worthless.  A complete and clear but long title may communicate with difficulty, but it does communicate.  

Understand that writing titles is an art.  Like all arts, it is acquired with practice.  Further, as with all arts, assessing quality ultimately is somewhat subjective.  Still, the subjectivity works within a set of implicit standards.  Just as Olympic judges may disagree on which skater gave the most excellent performance, they will generally agree on who were the excellent skaters and who were not.  So accomplished professionals, such as ISP 120 instructors, can distinguish good titles from those that could use improvement.  

Note that each of the titles begins with a chart or figure number.  This is a convention used in academic writing.  It facilitates the discussion of the chart in the text.  The author can refer the reader to a specific chart by saying something like “The data are presented in Figure 7.”  For large, segmented works such as books with chapters, the numbering often uses a decimal point.  So Figure 2.3 would indicate the third chart in the second segment.  

2.2
Labels

What follows refers to bar and column graphs and line charts but not to pie charts.

Simple bar and column graphs and line charts have two axes, one horizontal (left to right), the other vertical (up and down).  One axis represents the units being observed, the other the numerical amounts of the quality about which they are being observed. 

In column graphs and line charts, the first axis is the horizontal axis.  It takes two kinds of labels.  One is a label for the axis itself.  It  names the variable that the axis represents.  The other kind of labels are the categories of the variable, which Microsoft Excel refers to as series labels.  

To illustrate, imagine a column graph comparing males and females on, well, at this point, it does not matter.  The label for the horizontal axis would be “Sex” and the series labels for the two columns would be “Male” and “Female” (or synonymous terms).  A line chart showing the time trend in the number of victories of the Chicago Bulls, broken down by year, since 1970 would have “Year” as the axis label and the year numbers (1970, 1971, and so forth) as the series labels for the points on the axis.  If the information were aggregated into decades, the labels for the points would be the names of the decades (1970-79, 1980-89, and so forth).  

The second axis in column graphs and line charts is the vertical axis.  It represents the quantities of whatever is being measured.  It too has two kinds of labels.  One, the axis label, tells what the quantity is, conceptually; the other, the series labels, tells the number equivalents for various heights of the columns or lines.  

So, for instance, suppose that the male-female comparison mentioned in the paragraph above concerned the number of students of each sex in the freshman class of 2001 at DePaul University.  The quantity would be the number of students and the label for the vertical axis would be “Number of DePaul freshmen, 2001.”  The series labels would give the number of students corresponding to the height of the bar at set intervals.   In the Bulls’ victories example, the vertical axis label would be “Number of victories” and the series labels would be numbers of victories.  

A graph of imaginary data on the sex make-up of DePaul freshmen is attached at the end of this report.  

2.3
Source

The source of the information should be indicated in a notation at the bottom of the chart.  The source performs the same function as a footnote or citation in any other kind of writing: it tells the reader where the information came from, so that the reader can assess the extent to which it can be trusted and to allow the reader to double-check the accuracy of the information and of its presentation.   

3.
Interpretation

Interpretation of a graph is an exercise in reading.  As with reading, effectiveness requires seeing information in context.  Do not focus on particular facts.  Rather, look at the overall pattern.  To use a figure of speech that is trite because it is apt, don’t lose sight of the forest by focusing on a particular tree.  And, as with reading, interpreting a graph is a two stage process.  First, one reads the picture.  Then one asks what the graph means.  

3.1
Reading the graph

The first stage, reading, is a process of perceiving the picture, or more precisely, the pattern that constitutes the picture.  You will know when you have accomplished that goal when you are able to tell someone who cannot see the graph what the graph shows.  

What does it mean to look for a pattern?  The answer to that question depends on the kind of graph.  

Bar graphs and pie charts
With bar graphs and pie charts, the first thing to look for is equality or disparity (concentration).  Are the bars (slices) generally the same length (size), or are some substantially larger than the rest?  Is there a pattern in the disparity?  Or are they all roughly equal?

Depending on the nature of the data, one may read a bar graph in terms of central tendency (the place on the graph where the most cases tend to concentrate; roughly, the average), peakedness (the number of peaks or ranges of concentration), with a unimodal graph having one peak and a bimodal having two; and symmetry (the left half of the graph being a mirror image of the right half).  

Time series line graphs

Time series data show the value of a variable across time; that is, its increase, decrease, or constancy.  They often are charted with line graphs, especially when the number of time periods is many.  To read a time series line graph, look to see if there is any general tendency upward or downward in the line.  Do not look at specific ups or downs; that would be looking at the trees, not the forest.  It might be helpful to begin by squinting, so that the line is blurred somewhat.  That will help force you to look for the general pattern.  Alternatively, try to imagine a smooth line that would replace the actual line.  Among the interesting patterns that could be found in a line graph would be: a steady upward movement or increase; a steady downward movement or decrease; an accelerating increase or decrease; an increase or decrease that levels off; a steady rate without any consistent increase or decrease; a cycle of increases for a period of time followed by decreases for the next period; and a single rise then fall.  

Be careful not to focus prematurely on one point in any chart.  So, for instance, suppose that drug usage generally increased during the 1990s, but did decline in 1997.  If there is reason to call attention to the one year decrease in the upward trend, it should be done only after noting and interpreting the trend.  Furthermore, if one pays attention to the one-year deviation from the pattern, the discussion of it should not receive greater emphasis than did the discussion of the overall pattern.  

3.2
Interpretation

Interpretation is a process of figuring out why the graph has its distinctive shape.  Interpretation always is a matter of conjecture and always is an exercise in creative thinking.  Interpretation leads to possible answers, to hypotheses that could be tested in subsequent analysis.  

Interpretation commonly involves being puzzled by the pattern, wondering why it deviates from expectations.  That means that there is a baseline.  Sometimes there is no basis for a baseline, for expectations.  When that happens, it can be helpful to use equality as the baseline.  If the bar graph or pie chart shows disparity, what might account for the lack of equality?  What would make some bars longer or slices larger than others?  

At other times, a baseline readily suggests itself.  Then the puzzlement would be over why the observed pattern deviated from the baseline expectation.  Equality, therefore, could be a source of a puzzle if there were reasons to expect disparity.  Suppose, for instance, that a survey of ISP 120 students discovered that freshmen were not the dominant group.  All four years in school (freshmen, sophomores, juniors and seniors) were about equally represented in the sample.  What would account for that?  Why are freshmen not the predominant group of students in a class that’s part of the First Year Program?  

Sometimes a single category can be the source of puzzles if it deviates from expectations.  With regard to the imaginary data on ISP 120 students, one might well be surprised to find any seniors in the class and ask why those students might taking the class in their last year.  

Finally, in other instances, the pattern conforms to expectations.  This happens in scientific research when the data confirm the hypothesis.  Under those circumstances, interpretation involves noting the confirmation.  There are no puzzles to solve because the results are as expected.  Fortunately for science, life almost never is that neat and data almost never simply and completely conform to the hypothesis.  Usually, there is some gap between expectations and observations, and thus even studies that confirm hypotheses generally also include some speculative interpretation about the reasons why the data’s fit with the hypothesis was imperfect.  

The interpretation of the graph, in other words, is the statement of the tentative conclusions, hypotheses, or questions that the investigator forms while pondering why the observed pattern deviates from an expected or baseline pattern.  The interpretation does not provide answers; it only suggests them.  
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