Chapter 6: The Shape and Form of Data

Visual displays of information can be much more intelligible, more dramatic, and potentially more deceptive than compilations of text containing the same information. Organized data comprises information. Data are simply facts, such as the names of the Oscar winning films of the last 20 years, the species of conifers native to Colorado, or names and finishing times of this year’s Chicago Marathon runners. Each of these examples of data can be organized. The Oscar winners could be organized by year. Someone curious about studios’ strategies for timing the release of films with Oscar potential would organize the data by month and day of release. That conveys information. A biologist might organize the conifers by rainfall in the favored habitat. The Chicago marathon website organizes finishers by finishing time, and by finishing time within categories of age, sex, and place of origin.

Numerical information can be much easier to grasp when presented graphically, often with computer assistance. A hiker wouldn’t bother to carry a list of latitudes and longitudes in the region with their corresponding altitudes. A topographical map of the same information vividly displays such life saving information as the location of cliffs. MRI (Magnetic Resonance Imaging) elicits and records the electromagnetic response of portions of the body to pulses of radio waves to determine properties of the tissue. The information is then displayed as false color cross-sectional or three-dimensional views, highly informative to the trained viewer. Statisticians use various graphs, such as qq plots, to guide statistical analyses. The newspaper plots the Dow Jones Industrial Averages. The role of the visual display ranges from convenient to crucial. Likewise, computers may be vital to the process of producing the display, as in much of current medical imaging. Graphical display of data certainly predates computers, however.

 This chapter presents three simple, versatile ways of displaying quantitative information:

bar or column charts, line graphs, and scatter diagrams. Each of these has technical and non-technical applications, some of which will be indicated.

6.1 Bar charts

Data linking one (or several) numbers with each item may be displayed using a column chart or bar chart. For example, the United States’ Bureau of Labor Statistics maintains lists of the unemployment rates of states. Here, each item is a state. The associated numerical value is the unemployment rate. For September 2003, the unemployment rates for a selection of states appear in the table below.

	Monthly Rankings

	Seasonally Adjusted

	Sept. 2003p

	Rank
	State
	Rate

	4
	ARIZONA
	4

	4
	CALIFORNIA
	4

	15
	COLORADO
	4.7

	19
	KANSAS
	5.1

	30
	MONTANA
	5.6

	30
	NEBRASKA
	5.6

	39
	NEW MEXICO
	6.1

	42
	NEW YORK
	6.4

	42
	UTAH
	6.4

	16
	WYOMING
	4.9


The relations among these unemployment rates can be teased out with diligent study of the table. However a chart with a column proportional to the unemployment rate for each state makes the comparisons immediate.
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This form of chart is called a bar chart because the values of the numerical data are represented as horizontal bars of the appropriate length labeled with name of the corresponding item. Column charts very similar, but vertical columns rather that horizontal bars represent the numerical values.
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The term bar chart is often applied loosely to encompass both formats. 

These charts have the potential to present deceptive appearances.  Tailoring the scale on the value axis to start just below the lowest values and end just above the highest exaggerates the differences among the values.
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At a glance, the chart above suggests that the unemployment rates in Arizona and California are much less that half those of New York or Utah, though that is not true.

Several values may be associated with each item. In this case, the columns can be placed side by side.
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Choices made in the organization of the data affect the impact of the chart. In the following examples, the raw data consisted of the names of judicial nominees, their gender, their minority status, the position for which they were nominated, the dates of their nominations, and the dates of final action on their nominations. The researchers organized this data in various ways relating to the political situation at the time of the nomination.  

The researchers wanted to see if processing times for nominations were affected by having different parties in control of the Senate and the White House. They averaged processing times for periods when the government was divided in this way. They also averaged the processing times for periods when the same party controlled the Senate and the Presidency.

A table of these results and a chart appear below.

	Average Number of Days Between Nomination and Final Action 
for All District and Circuit Court Nominations 
by Divided versus Unified Government and Success of Nomination 
1977-2000

	Court
	Divided Govt.-Successful Nominations
	Unified Govt.-Successful Nominations
	Divided Govt.- Unsuccessful Nominations
	Unified Govt.- Unsuccessful nominations

	district
	123
	57
	235
	89

	circuit
	141
	63
	323
	86


A column chart of this data shows that action is slower during periods of divided government, particularly for circuit court nominations
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The researchers also presented the average number of days between nomination and final action for each president during that time period.

	Average Number of Days Between Nomination and Final Action 
All District and Circuit Court Nominations 
By President and Success of Nomination 
1977-2000

	 
	Carter (1977-80)
	Reagan (1981-88)
	Bush
(1989-92)
	Clinton
(1992-00)

	Successful Nominations
	70
	56
	99
	126

	Unsuccessful Nominations
	168
	108
	188
	286
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The organization of the data determines the information conveyed by the chart. The first chart emphasizes the role of divided government in slowing action. The second chart emphasizes the role of the president in the delay. Because the presidents are arranged chronologically, the last chart suggests that the process may be slowing over time.

Histograms or frequency charts are special cases of column charts. In a histogram, the value associated with each item is the number of occurrences of that item in the data set. For example, teachers commonly consider histograms of grades to determine the curve for a class. The chart below shows how many students had final averages in each range.
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To facilitate comparison with data sets with different numbers of people, plot the percentage of the grades that fell in each range.
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We make the columns adjacent to ease comparison with data sets with different ranges. The following chart uses the same data, but enlarges the ranges.
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The vertical scale has been adjusted to make the area of the shaded region the same on the two charts. The ranges are twice as wide in the second chart, so to compensate, the five percent increments on the vertical scale are half the height of the same increments on the first chart. This helps the viewer to see the second chart as a less refined version of the first. Statisticians use histograms of percentages with the areas of shaded regions equalized in this way to compare frequency distributions between different data sets, or between data sets and theoretical models. To illustrate this, the original frequency chart for grades and a chart from another class appear below.
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The uniform presentation shows, for example, that the second set of grades has a visibly lower peak.

6.2 Line graphs

If the items or categories in a data set have a logical order and spacing, and an associated numerical value, a line graph may be an appropriate way to display information from the data set. In this type of chart, the items are spaced appropriately along the horizontal axis. A mark at the correct height above the horizontal axis represents the value corresponding to that item. Line segments or curves may join these marks. For example, the grade data fits the criteria for a line graph. The items or categories, the grade ranges, have a logical order (numerical) and a logical spacing (equidistant). The line graph below shows the percentage of students’ grades falling into each range for the two classes in the previous section.
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Line segments join the marks representing the percentage of students’ grades in the range. 

If the values along the horizontal axis are times, the line graph is a time series. For example, we can plot the consumer price indices for all urban consumers for the decade 1991-2000. 
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Here a smooth curve joins the data points.

 In general, the curve or segments joining the data points can be used to estimate missing data. For example, if we take the center of the year to be July, we can estimate the CPI-U for January of 1995 by the height of the curve at the position that is horizontally midway between the 1994 and 1995 data points, about 151. Estimating a missing value using a line graph is called interpolation when the item for which the value is estimated lies between items for which the value is known. Estimating a value for an item beyond the ones with known values is called extrapolation. While extrapolation is quite common, it is risky. There may be a good reason for the pattern of values to change above or below the known region. 

As an example, extreme in its naiveté, suppose we plotted the average weekly temperature from September through January and noticed a strong cooling trend. We extrapolate to the following June by saying that the cooling trend continues unabated, and predict June temperatures in the -30º F range.

For time series including times up to the present, extrapolating to times later than those in the data is simply predicting the future. This is an important but chancy business. A city’s population projections, a region’s drought predictions, and predictions of global warming are all examples of extrapolation. To avoid the silliness of the example above, researchers devise theories of, say, population growth, rainfall, and climate, consistent with the observed data. The extrapolations proceed on the basis of these theories, or models, and the data. The models can be controversial. For example, different researchers have devised models with different treatments of the effect of fossil fuel burning on climate. These models make different predictions about global warming. Politicians champion the models consistent with their agenda.

6.3 Scatter diagrams

Scatter diagrams display data consisting of a pair of numerical values for each case. Many situations generate this type of data. We could examine the relation between height and heart rate. Our cases are individuals in the study. Each individual has two associated values, height and heart rate. An agricultural study of the effects of varying levels of fertilizer would associate amount of fertilizer used per acre and yield per acre with each area in the study. 

In a scatter diagram, the cases are then plotted as points in an area with a horizontal axis corresponding to the first number and a vertical axis corresponding to the second number. The scatter diagram shows relations between the two values. Traditionally, if one of the numbers is though of as dependent on the other, the dependent number is second. 

For example, John Kappelman, a physical anthropologist at the University of Texas at Austin, assembled a table of human evolutionary fossil data. Below we have excerpted the age in millions of years ago (mya) and the cranial capacity. Considering cranial capacity as dependent on age, produce the following scatter plot. 
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Note that this differs from a time series in that there may be several observations from the same time (age). Nor does either axis have to represent time. We could plot body size versus cranial capacity.
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If the points in the scatter plot appear roughly to form a line, the least squares regression line for the data is a useful tool for making that relation more precise. The least squares regression line is the line for which the sum of the squares of the vertical distances of the points to the line as small as possible. 

 Recall that one form of equation that specifies a line is y=mx+b, where x is the value along the horizontal axis, y is the value along the vertical axis, m is the slope of the line (rise over run) and b is the height at which the line crosses the y-axis, that is, the y intercept. For the least squares regression line, m and b are functions of the data. In practical applications, statisticians enter the data in a software package that computes m and b. For completeness, instructions for computing m and b follow. For the slope, compute the sum of all the first values. Call it 
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Another value associated with the least squares regression line goes by the name of R2. It measures the extent to which the line explains the data. It gives the fraction of the variation of the second values from their mean that is provided by the regression line. R lies between 0 and 1. Values close to 0 indicate that the linear relation between the first and second values is weak. Values close to 1 indicate a strong linear relation. 

The scatter diagram below shows the least squares regression line, its equation, and R for age in mya versus cranial capacity for the fossil data previously mentioned.
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y = -409.72x + 1428.5


The R2 value is fairly high for data from the life sciences. By comparison, consider the same information for a plot of body mass versus cranial capacity.
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This R2 value is substantially lower than that of the previous plot, showing that the linear association between cranial capacity and age is stronger than the linear association between body mass and cranial capacity. Pursuing this, the R2 value for the linear relation between the age of the fossil and body mass is just 0.372. The strongest linear relation remains that between cranial capacity and age.

A couple caveats are necessary here regarding high and low R2 values. A low R2 value must not be taken to mean that there is little relation between the first and second values. Data may have important nonlinear relations. For example, alertness after sugar consumption may rise to a peak then drop off. Day length is a cyclic function of time during the year. Both these patterns have low R2 values. High R2 values show a strong linear relationship, but do not show that high first values cause high (or low) second values. Height may have a strong linear relation to weight, but we can’t make a people taller by stuffing them with chocolate.

This latter misinterpretation of the R2 statistic is common in popular discussions of medical studies. Low rates of mortality from cardiovascular disease are associated with high levels of fish oils in the diet. Sales of fish oil supplements soar. However, careful examination of the studies reveals that the fish oil consumption was highest in the medically distinct ethnic group Alaskan Native Americans. Fish oil may or may not be causally related to their low cardiovascular mortality rates. To determine causality, you must carry out well-designed experiments rather than just noting relations in observational data. 
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		2		modern Homo sapiens		0.01				43605				95.931

		3		modern Homo sapiens		0.014		1550		52442		0.0295564624		115.3724

		4		modern Homo sapiens		0.015		1290		63809		0.0202165839		140.3798

		5		modern Homo sapiens		0.015		1500		79878		0.0187786374		175.7316

		6		modern Homo sapiens		0.015		1380		44068		0.0313152401		96.9496

		7		modern Homo sapiens		0.03		1600		51640		0.0309837335		113.608

		8		archaic Homo sapiens		0.047		1625		107106		0.0151718858		235.6332

		9		archaic Homo sapiens		0.05		1200		110018		0.0109073061		242.0396

		10		archaic Homo sapiens		0.07		1689		113840		0.0148366128		250.448

		11		archaic Homo sapiens		0.15		1285		119505		0.0107526882		262.911

		12		archaic Homo sapiens		0.25		1110		70194		0.0158133174		154.4268

		13		archaic Homo sapiens		0.25				119865				263.703

		14		Homo erectus		0.42		1015		66360		0.0152953586		145.992

		15		Homo erectus		1.23		1067		76474		0.0139524544		168.2428

		16		Homo erectus		1.5		900		68000		0.0132352941		149.6

		17		Homo erectus		1.57		804		63023		0.0127572474		138.6506

		18		Homo erectus		1.65				53758				118.2676

		19		Homo erectus		1.78		850		60078		0.0141482739		132.1716

		20		Homo sp.		1.8		594		27997		0.0212165589		61.5934

		21		Homo sp.		1.89		509		29738		0.0171161477		65.4236

		22		Homo habilis		1.89		752		52686		0.0142732415		115.9092

		23		Australopithecus boisei		1.7		510		69211		0.0073687709		152.2642

		24		Australopithecus boisei		1.7		500		37519		0.0133265812		82.5418

		25		Australopithecus boisei		1.8		530		53491		0.0099082089		117.6802

		26		Australopithecus boisei		2.5		410		46470		0.0088228965		102.234

		27		Australopithecus robustus		2				38760				85.272

		28		Australopithecus africanus		2.75		428		31411		0.0136257999		69.1042

		29		Australopithecus africanus		2.75		485		30006		0.016163434		66.0132
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				Successful Nominations		70		56		99		126
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		Over-the-Year Change in Unemployment Rates for States

		Monthly Rankings

		Seasonally Adjusted

		Rank		State		Sept. 2002		Sept. 2003		Change

		2		ARIZONA		6.2		5.1		-1.1

		5		CALIFORNIA		6.2		5.6		-0.6

		12		COLORADO		6.7		6.4		-0.3

		15		KANSAS		5.8		5.6		-0.2

		15		MONTANA		4.2		4		-0.2

		34		NEBRASKA		4.5		4.9		0.4

		34		NEW MEXICO		3.6		4		0.4

		34		NEW YORK		6		6.4		0.4

		47		UTAH		5.5		6.1		0.6

		6		WYOMING		5.2		4.7		-0.5
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