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FIGURE 3.11 | An lllustration of a TimeiSerles Graph, “The Demise of Free Enterprise”

from Augustine (1978).

The time-series graph, a standord stetisticl figure in business and econemics, is becoming
tommon in some areas of education and psychology, It can be useful for identifying trends
iind changes in trends in ways that other representations of data cannot, A time-series graph
isa line in which the X-axis, or baseline,|is time and the vertical axis is a measure of the
variable of interest. The time dimension can be messured in minutes, hours, days, weeks,
manths, or years, depending on the view that one wishes to take. Familiar exumples of time-
ries graphs include the Dow-Jones stock price average plotted aetoss duys, the Consumer
iice Index plotted across manths, a patient's body temperature plotied neross hours, and
hool enrollment plotied across years, Figure 3,11 is an illustrative time-series graph, “The
imise of Free Enterprise,” provided by| Angustine (1978). The extrapolated projections
i0:the future are shown by the dashed line. Obviously, such projections ingo the distant
re may have o lorge margin of error.

MISLEADING GRAPHS: HOW TO LIE WITH
STATISTICS!S

e ﬂ]ﬂility to interpret properly, and not be misled by, information that is presented
icully is an important type of lilerqu for the both the layman and the professional.
gnerat public is continually bombarded with datn-based figures in newspapers and

nully, something practical that you <on use!
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books in all empirical disciplines ase fitled with graphs. Staridardized
d university entrance Lests are leavily weighted with graphic infor-
mation that must be read critically {Tufte, 1983). Just as words can be misused o obscure
the facts, 5o can pictures. At times, self-interest tempts one (including researchers) to use
literat facts in such o way that ihe messuge is distorted. This may not be lying in 8 jegal
sense, but it accomplishes the same purpose. Graphs and charts can be organized so that
they become propaganda rather than to illuminate the truth. Many, if not most, figures in
the popular medin are constructed to be as remarlkable (“newsworthy") as possible; jour-
nalists are trained to tell an interesting story, regardless of whether words of pictures are
used to teil the story. 1t behooves Us 10 be on our toes so we ure not credulous victims of

misinfoermation.'®

magazines, Text
achievement tests an

Distorted Representation
A commaon, but not very subtle error, evident in many picto
media is the linear-orea fallacy. To get “more bang for the buc

praphs'T found in the popular
%, graphic artists often repre-
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Misleading Graphs:
Wustrations of Distorted

Representation.i®
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16Geveral of the exnmples are from the exce

1}{jgsoprams that use figures 10 represent frequencies.

2A; Washington Post, Qct. 23
Monrain News, Moy 8. 1994, p. BiA.

Hlent resource baok by Tufte {1583}

#5aurees for Figures. 3.1
1978, p. D-2; Figure 3,12C: Rocky

. 1978, p. L1 Figure 3.11B: New York Times, Aug. 9,

3.12 Misleading Graphs: How 1o Lie with Statistics

Fuel Economy Standards for Autos
22 Sat by Gongress and the Transporialion
24 Dapariment {miles per gaflan)

B . . |
: Misleading Graphs: Illustrations of Distorted Representatian.

“sent the frequency in a category by the hei ineaf di ]
§ z ght of the figure (a linear distance), yet mak
?élﬁei;g;?mizr c;liﬁgo&'y; T];s lnck of uniform representation of & fraquencg)( gnmrft;;silucll-lilsy
B of the data, Notice in Figure 3.12A how the amount of inflation is i
. - n 5 -
..a]ied u.crclss the ﬁ've presidencies. The date are scaled by the leng# of the dollar l::ille’l‘)lﬁgi;3 ;q
:he ar fc;l of t_he bills that .the reader perceives. The aren of the Carter dollar is less t],mn '70"%:
! 'ililils UWL rz Elfsgll'lhnwer bll‘la\ﬁhereus the proper comparison is 10(}ta 44, not 100 to 20 I.E tlr:e
e same width as the Eisenhower dollar, but were fra, ; ith dif
engths, the representation would be fair and a::urute' {Tsn' g wul} e
e 0 . . (Isn't the result d
: u{uhuut funflgmg?) The same flaw is seen in Figure 3.12B. Figure 3rl'JC i\::sm HEC Er{Dugh
istorted picture of the data.'® | A12C ghves mhopelessly

Mi__sleading Scaling and Calibration
- . » . . - ‘
e;:r]s.n%_obvmus calibration in F:lgure 8.12C, A more common shoricoming of graphs
¥ p.ahlsegnlh ;%1:;:) Seslé’:n [v;l_gsre anlurbigﬂrﬁlzginning scale vaiue on the vertical axis i; used
arighles t o scales should begin with zero to give i :
fie-visuul interpretation. Fi i e emation e
i . Figure 3.13A is a common method of i

rpre : perceptual exaggeration; 1h
%EE ?1:':1;: ;J'me is maode fo nppear much l‘nrger than it is. Notice how differegn% the muuni(j
és)'typic ;ﬁ;%e ;gf:;rs in a proper ﬁgdure like Figure 3.13B. Many graphs (e.g., siuzack
ik il 1e zero point an : thus perceptually exnggerate the magnitude of

bination Graphs
ation graphs ca t devi ivi
i progpuéjnnda.rﬁt?;::eofﬁgei?;?f{tigiwous ways of giving unwarranted credibility
ol ot graphs in Figure 3.14 use the same data, but note that the
o both ‘%; p ]1351 ead to opposite conclusions! This is possible by an inappropriate
P rinbles. Combination graphs need to be scrufinized (Wainer, 1992); the
armation is usually much less convincing thar the graph. Caveat em];;fm'! '

ot cons - P
s ol construct o fulr kistogrum (o get the [ncls .xll.'il!]_ll'll. Use "Yeur" as the basefine, and MPG as the
1
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does one properly scale 19

The lower graph in Figure 3.14 s fair, but still equivocul. How ‘
the SAT? Like all cognitive and affective measuses, it has no meanin 1980 1991
it is not a rtio scale. Since 400 is the lowest possible score and 160 -
score, perhaps these shouid be used to ancher the scale.

One final point about graphic displays of information mu

gful zero point because
0 the highest possible =
E3.13 | AnExam
! ple of Exagogerating a Trend by |
gnoring the Zero Point of a Rati
%cale (top), Compared with a Fair Reprasentation (battons). Denver Pa:([m

st be made. Just as in written
Novemnber 3, 1891,
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\llustrations of Propagandizing with Data (graphs A and B); Only Graph C
Does siot Distort the Infarmation.

%
% 3,14 Case Study
i

communication. the intended audience hus I.ltTl important influence on whit and how infor-
mation is presented graphically. More details can be included when the araph is for ¢n
audience of professional peers than when the readers will be less interested and less sophis-
sicated. Too much detail can be distracting snd confusing to a lay audience. Figure 3.13 is
ar example of u graph that contains an abuntance of information without becoming clut-
rered and confusing. The daily high and inwjlempemtures are given with the normal tem-
peratures 15 o backdrop, Note that the lines depicting the pormul temperatures ure regulas.
but not entirely smoath. These curves are based on daily averages over the past century or
<o s the data base grows, these will become even less rugged. Observe that ihe range
between the normal low and high is less during the winter then in the sumuuer. The daily
temperatures tend to increase until lnie July, then begin to decline until late January. al-

though in amy given year the patern will thdillale considerably, The relative humidity did
not vary greatly from month to menth. On the average, New York City does not have any
purticulurly wet or dry months.

|
|
@ CHAPTER SUMMARY |
|

Statistical methods are tools for simp]ifying,1orgunizing, and summarizing a set of observa-
tions. Statistical tables, figures. araphs, and churts con organize otherwise unwieldy quanii-
ties of dati. The shape or configuration of a distribution becomes evident if the observations
are grouped into intervals and displnyed graphically.

Many variables in the behavioral and social sciences are normally distributed, but aiher
kinds of distribution are also common. Skewed distributions result when observations pile
up at the low or high end and drop off gradually toward the other end. A distribution is
positively skewed when the tait points 1o the high scores; the opposite is true with negative
skewness. }

Frequency distributions can he expressed graphically using frequency and percentage
histograms (bar graphs), polygons, box plats, and stem-and-leaf displays. among others,
Histograms are appropriate when the baseline varfable is categorical or nominal: frequency
and percentuge polygons require a quantitative baseline variable. Ogive {cumulative per-
centage} curves are useful for determining pjercentiles (the percentage of a distribution that
falls below a given paint), such as @, (Pas), the median (@, or Poob.and 35 (P35). A box-und-
whisker plot is a simple graph for convcyiné salient featores of a disiribution, A stem-and-
leaf display conveys the general shape of a frequency distribution while retaining aceess w
the values of all the original scores. }

Graphs can be misused to distort data, When pictures are used to represent figures. all
should be the sume size, Scales having n trug zero point should begin at that poini io avoit
exaggerating effects, Combination graphs can be particularly effective for propagandu,
leading the reader to false conclusions.

@ CASE STUDY

Frequency distributions for each varisble in the Chapman cholesterol study are shown in
Figure 3.16, What can we learn from them? The more we know about the sample, the better
we can define the population to which the [Indings can be generalized. We should note, far
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