CHAPTER

Plots, Graphs, and Pictures

Thought Questions

You have seen pie charts and bar graphs and should have some rudimentary idea
of how to construct them. Suppose you have been keeping track of your living
expenses and find that you spend 50% of your money on rent, 25% on food, and
25% on other expenses. Draw a pie chart and a bar graph to depict this informa-
tion. Discuss which is more visually appealing and useful.

- Here is an example of a plot that has some problems. Give two reasons why this is
not a good plot.
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’Suppose you had a set of data representing two measurement vanables—nameiy, o
height and weight—for each of 100 people. How could you put that information
into a plot, graph, or picture that illustrated the relationship between the two mé& e
- surements for each person?

pose you own a company that produces candy bars, and you want to
raphs. One graph is for customers and shows the pdCe ofacal d'y bar
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pie charts of eye cqlors
of Caucasian American
boys and girls

Source: Malloy, 2008

Figure 9.2

Percentage of males and
females 16 and over in
the labor force

Source: Based on data from
U.S. Dept. of Labor, Bureau of
Labor Statistics, Current
Population Survey.
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variable is used to label the horizontal axis. Within each of the categories along that
axis, a bar is drawn to represent each category of the second variable. Frequencies
or percentages are shown on the vertical axis. A third variable can be included if the
graph has only two categories by using percentages on the vertical axis. One category
is shown, and the other is implied by the fact that the total must be 100%.

For example, Figure 9.2 illustrates employment trends for men and women
across decades. The year in which the information was collected is one cat-
egorical variable, represented by the horizontal axis. In each year, people were
categorized according to two additional variables: whether they were in the
labor force and whether they were male or female. Separate bars are drawn for
males and females, and the percentage of all adults of that sex who were in the
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Figure 9.3

Two pictograms
showing percentages of
Ph.D.s earned by
women

Source: National Science
Foundation

of the bars. It is implicit that the
pondents were part of the Bureg,
the large monthly survey used to .

ermines the heights
he labor force. Res
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labor force that year.det
remainder were not 1 t
of Labor Statistics’ Current Po

i rates. : : 2
e une{nploy'nl‘)emt which variable occupies which position should be mage
S for the graph. The purpose of the graph i

isually the purpose . '
;g bettegr f(;:\tls};u\::;;:teythat t};e percentage of women in the labor force increaseq
trlfrlrllr(li%(h) to 2000 (then decreased slightly by 2010), whereas the perChitars CUaN

sli ss all years, resulting in the two percentagfes coming closer
?:g;fg;f,dfﬁég;;i)ybzi?e o they sexes in 1?50 was 53 percentage pO}II;ts, bpt by 2010,
it was less than 13 percentage points. If you look closely, you will notice that the
percentages dropped for both sexes from 2000 to 2010. For males, it dropped the
most. from 74.8% in 2000 to 71.2% in 2010. For females, the drop was _frorp 59.99
in 2000 to 58.6% in 2010. Although it is not evident frqm the graph, which includes
only years divisible by 10, the percentage of women in the labor force peaked at
60% in 1999.
Bar graphs are not always as visually appealing as pie charts, but they are much
more versatile. They can also be used to represent actual frequencies instead of per-
centages and to represent proportions that are not required to sum to 100%.

Pictograms

A pictogram is like a bar graph except that it uses pictures related to the topic of the
graph. Figure 9.3 shows a pictogram illustrating the proportion of Ph.D.s earned by
women in the United States in 2011 in three fields—psychology (72%), biological
sciences (52%), and mathematics (29%)—as reported by the National Science Foun-
dation. Notice that in place of bars, the graph uses pictures of diplomas.

Itis easy to be misled by pictograms. The pictogram on the left shows the diplo-
mas using realistic dimensions. However, it is misleading because the eye tends t
fgcus on the area of the diploma rather than just its height. The heights of the three
dlplomas reach the correct proportions, with heights of 72%, 52%, and 29%, so the
height of the one for psychology Ph.D.s is about two and a half times the height of
the one for math Ph.D.s. However, in keeping the proportions realistic, the area of
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- Scatterplot of grade

~ point average versus
verbal SAT score

Source’ Ryan, Joiner, and Ryan,

1985, pp. 309-312.
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Scatterplots

Figure 9.5 is an example of a scatterplot. Scatterplots are useful for displaying the rela-
tionship between two measurement variables. Each dot on the plot represents one indi-
vidual, unless two or more individuals have the same data, in which case only one point
is plotted at that location. (An exception is that some software programs replace the dot
with the number of points it represents, if it’s more than one.) The plot in Figure 9.5
shows the grade point averages (GPAs) and verbal scholastic achievement test (SAT)
scores for a sample of 100 students at a university in the northeastern United States.
Although a scatterplot can be more difficult to read than a line graph, it displays
more information. It shows outliers, as well as the degree of variability that exists for one
variable at each location of the other variable. In Figure 9.5, we can see an increasing
trend toward higher GPAs with higher SAT scores, but we can also still see substantia
variability in GPAs at each level of verbal SAT scores. A scatterplot is definitely more
useful than the raw data. Simply looking at a list of the 100 pairs of GPAs and SAT
scores, we would find it difficult to detect the trend that is so obvious in the scatterplot

9.4 Pictures of Trends across Time

Many measurement variables are recorded across time, and it is of interest (0 100*
for trends and patterns from the past to try to predict the future or simply to lea™
a.bout thc? past. Examples include economic data, weather data ar;d demographic® ;
time series is simply a record of a variable across time, usualiy measured at equ
spaced intervals. For instance, most economic data used by both governments # :
businesses are measured monthly. |

' To understand data presented across time, it is important to know how 0 il
nize the various components that can contribute to the ups and downs in a time serie™
Otherwise, you could mistake a temporary high in a cyclle fora pern;anent increas!™
trend and make a very unwise economic decision.

oo™
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Figure 9.7

Seasonally adjusted
monthly unemployment
rate in the United States
from January 1990 to
May 2013

Source: http.//data.bls.gov/pda/
SurveyOutputServiet

outdoor jobs are minimal and t

:tmas. Unemployment rates in the United States tend to rise m‘Ja‘nuarym\;,hﬁn
i : he Christmas season is over—and again in June, whey

a new graduating class enters the job market. Weddings are more likely to occur iy

certain months than others. oy : :
If you look carefully, you will see that there is indeed a seasonal component

the time series of sales of jeans evident in Figure 9.6. Sales app.ear t? pe_ak .dl.lrin 2
June and July and reach a low in October every year. (You canﬁldenufy individug]
months by counting the dots, starting with the dot at 0 representing January, 1980.)
Manufacturers need to know about these seasonal components. Otherwise, they
might mistake increased sales during June, for example, as a general trend and over-
produce their product. S

In Chapter 18, we will discuss a variety of economic indicators, almost all of
which are subject to seasonal fluctuations. When pictures of these time series are
shown or when the latest values are reported in the news, it will be stated that
they have been “seasonally adjusted.” In other words, the seasonal components
have been removed so that more general trends can be seen. Economists have
sophisticated methods for seasonally adjusting time series. They use data from
the same month or season in prior years to construct a seasonal factor, which is a
number either greater than one or less than one by which the current figures are
multiplied.

Irregular Cycles and Random Fluctuations
There are two remaining components of time series: the irregular (but smooth)
cycles that economic systems tend to follow and unexplainable random fluctuations.
It is often hard to distinguish between these two components, especially if the cycles
are not regular.

Figure 9.7 shows the U.S. unemployment rate, seasonally adjusted, monthly
from January, 1990, through May, 2013. Notice the definite irregular cycles during
which unemployment rates rise and fall over a number of years. Some of these can
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190 PART ¢ Finding Life in Data

9.5 Difficulties and Disasters in Plots,
Graphs, and Pictures

A number of common mistakes appear in plots and graphs that may mislead readers,
If vou are aware of them and watch for them, you will substantially reduce your

chances of misreading a statistical picture.

The most common problems in plots, graphs, and pictures are

1. No labeling on one or more axes
2. Not starting at zero as a way to exaggerate trends
3. Distorting time series plots

4. Change(s) in labeling on one or more axes

5. Misleading units of measurement

6.

Using poor information

No Labeling on One or More Axes

Y.ou should always look at the axes in a picture to make sure they are labeled.
Fxgt.lre 9.9a gives an example of a plot for which the units were not labeled on the
vertical axis. The plot appeared in a newspaper insert titled, “May 1993: Water
awareness month.” When there is no information about the units used on one of the
axes, the plot cannot be interpreted. To see this, consider Figure 9.9b and c, display-
ing t.wo different scenarios that could have produced the act;al graph in Figure 9.9a.
In F_lgure 9.9b. the vertical axis starts at zero for the existing ploct. In Fiour:9.9c. the
vertical axi.? for the original plot starts at 30 and stops at 4(){:.’ so what apcpears tobea
large drop in 1979 in the other two graphs is only a minor fluctuation. We do not
k.I’lO‘V.V.Wthh of these scenarios is closer to the truth, yet you can see that ;he two pos- P
sibilities represent substantially different situations. e

Not Starting at Zero

Often, even when the axes are labeled, the scale of one or both of the axes does 10t
:stan at zero, and the reader may not notice that fact. A common plo i;to ijresen‘
increasing or decreasing trend over time op a graph that does notpsta):'t Qt zero. As We
saw for the example in Figure 9.9, what appears to be a gubg;an[ia] ch'mO(; mz;v acti
ally represent quite a modest change. Always make it a hz{b't to ch tk The numbers
on th‘e axes 1o see where they start. REL
fodion Bl :

sk;xtilzlg;: i‘llloFiz]l?r::) j};a(t) tl};eh]«me g O.f winning times for the Olymp < speid
Nolice that the drop in w2+ 100Ked like if the vertical axis had started at 2%
it did in Figure 9.4. Be ve 1he tmes over the years does not look nearly as dramati¢®

b 7. Be very careful about this form of potential deception if someone "
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presenting a graph to display growth in sale%s of a product;tfl‘glrop in m;erest rates, ang
50 on. Be sure to look at the labeling, especially on the vertic ax1t€ : :
Despite this, be aware that for some graphs it mal‘<es sense to sltart the unit on
the axes at values different from zero. A good example is the scatterplot O_f GPAs e
sus SAT scores in Figure 9.5. It would make no sense to start the horizonty) axis
(SAT scores) at zero because the range of in.terest is from about 350 to 800, [t i the
responsibility of the reader to notice the units. Never assume a graph starts g 2o

without checking the labeling.

Distorting Time Series Plots

There are several ways a time series plot can be distorted. As demonstrated in the
comparison of Figures 9.6 and 9.8, a partial time series can be presented to mask
the long-term trends and cycles present in the full series. When you look at data
presented across time, make sure the time period is long enough to include likely
trends, seasonal components, and irregular cycles.
Time series plots can also be misleading if they are not seasonally adjusted, es-
pecially if a short time period is presented. Sometimes, it is useful to forego seasonal
adjustments, such as in the jeans sales in Figure 9.6, because picturing seasonal

United States
Unemployment

trends is part of the information the picture is designed to convey. But make
sure you are told whether or not a time series plot has been seasonally adjusted.

A third method of distorting time series information is to present mea-
surements for an entire population instead of “per person” when the popula-

Peicent of work force, seasonally adjusted
B : Fion is increasing over time. If you look at a time series of sales of almost any
item over the past few decades, the sales will show a strong increasing trend.
{- T H—W R That’s because the population has been steadily increasing as well. A more
— BN HF [l | appropriate time series would show sales per person or per 100,000 people
2t ' ] instead. We will investigate this issue further in Chapter 11.
o
ol : .}993 figures shown are Changes - Labeling on One or More Axes
B ool b Figure 9.11 shows an example of a graph where cursory look would lead
; TITT one to think the vertical axis starts at zero. However, notice the white hori-
5.0} zontal bar just above the bottom of the graph, in which the vertical bars ar¢
R UL Li}]| broken. That indicates a £ap In the vertical axis. In fact, you can see that the
O OO0O0ONAO[A [F | bottom of the graph actually corresponds to about 4.09%, [t would have beetl
MAMJ J ASOND | F | more informative if the graph had simply been labeled as such, without the
1993 19941 break.
Feb'93 Jan'94 Feb’'94

[73%] (o] [o%]

Figure 9.11

Misleading Units of Measurement

A bar graph with gap in labeling  The SLs _ShOW“ On a graph can be different from those that the reader \W”ld
Source: Davis (CA) Enterprise, 4 March  COnsider important. For €xample, Figure 9.12a illustrates a graph simi"

1994, p A-7
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Deaths from
Solvent Abuse

150 -
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Figure 9.13
A graph based on poor information

Source: The Independent on Sunday (London),
13 March 1994.

Using Poor Information
be as accurate as the information that was yseg ;

design it. All of the cauti(.)ns aboult m;eqt)retlrr;g él;eqi(()ille]c;sz :)f mlforma
tion given in Part 1 of this book RETpS g tP a sfnted 15 we 1 Yoy
should always be told the source of mfprma ion Pre i ina picture
and an accompanying article should glv? you as. much informatioy as
necessary to determine the worth of that mformat.lon.

Figure 9.13 shows a graph that appeared in the London news.
paper -the Independent on 'Sunda_f‘ on March _]3, 1994. The 4.
companying article was titled, Sniffers Quit Glue for More
Lethal Solvents.” The graph appears to show that very fey
deaths occurred in Britain from solvent abuse before the late 1970
However, the accompanying article includes the following quote from
a research fellow at the unit where the statistics are kept: “It’s only
since we have started collecting accurate data since 1982 that we have
begun to discover the real scale of the problem” (p. 5). In other words,
the article indicates that the information used to create the graph is
not at all accurate until at least 1982. Therefore, the apparent sharp
increase in deaths linked to solvent abuse around that time period is
likely to have been simply a sharp increase in deaths reported and
classified.

Don’t forget that a statistical picture isn’t worth much if the data
can’t be trusted. Once again, you should familiarize yourself to the

extent possible with the Seven Critical Components listed in Chapter 2
(pp. 20-21).

A picture can only

9.6 A Checklist for Statistical Pictures

7.‘0 ‘_summfzrize, here are 12 questions you should ask when you look at a sta-
tistical picture—before you even begin to try

1. Does the message of interest

2. Is the purpose or title of the picture evident?

3. Is a source given for the data, eit
nying article?

4. Did the information in the
- 1 everything clearly labeled,
6. Do the axes start at zero or p
7. For time series data, is g |
8. Can any observed trend
Increasing Population?

9. Do the axes maintain 5 constant scale? » - , =

10 interpret the data displayed.

stand out clearly?

her with the picture or in an accompa

picture come from a reliable, believable source”
leaving no ambiguity?

ot?

ong enough time period shown?

s be explained by another variable, such as
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Thinking About Key Concepts

* Pie charts and bar graphs are useful for ijFuring categorical data, with the Jagte,
more useful for comparing a categorical variable across groups.

* There are numerous ways that pictures of data can conve?/ misleading messages,
Make sure you carefully examine graphs and plots and don’t be fooled by distorteq
visual displays of information. : :

* Scatter plots are useful for displaying the relationship betwegn two measureme;?t
variables and can reveal outliers that are not apparent from pictures of each vari.
able on its own. . : :

* A perfectly good graph can convey a misleading message if the lnforrpatlon used
to create it is not thoughtfully presented. For instance, prices across time should
be adjusted for inflation, and measurements for groups of individuals across time
should be presented as numbers per capita instead of as totals for the whole group,

* Time series plots present measurements across regularly spaced intervals. They
can show trends, seasonal patterns, and cycles, but can also be distorted to convey
a misleading message—for instance, by showing a short time period.

Exercises

Exercises with numbers divisible by 3 (3, 6, 9, etc.) are included in the Solutions at
the back of the book. They are marked with an asterisk (*)

1. Use the pie charts in Figure 9] each of the following kinds of
o create a bar graph comparing data:

eye colors for Caucasian boys and

s ; ;
1 > ao One cC o ~ ‘
Caucasian girls. ategorical variable

*b. One me i

5.4 Suppose a real estate company : asurc-:ment variable
in your area sold 100 houses aqt ¢. Two categorical variables
momh’t.tWherealSd ‘2‘8“ two major *d. Two measurement variables
competitors sold 50 houygeg and 413
25 houses, respectiy - Yne method used to compare au-
company wantspto di::))ﬁx Tirtle bt & thors or to determine authorship on
ter record with 3 picto I-Z : 'et- unsigned writing is to look at the
a simple two-dimensioialmpil:j;ng frequency with which words of dif-

re - : : .

of a house. Draw twq pictograms Ierent ]e“g_ths appear in a piece of
displaying - this information, ope teXt' For this exercise, you are going
of Yvhrch is misleading and one of ﬂc: compare your own writing with
which is not. (The horizonta] axis #t of the author of this hook.

should Jjst the th

fee compani 4. Using the first ful] paragraph of
and the vertical axi b st full paragrap

s should list the this Chapter (not the Thought

¢ number of hoygeg sold.) Questiom)’ create a pie chart
3. Give the name of a type of Statisti- with three segments, showing
cal picture that could be ysed for the relative frequency of words

of 1 to 3 letters, 4 to 5 letters:




