& HAPTER7

Summarizing and
Displaying Measurement
Data

Thought Questions

‘!."g If you were to read the results of a study showing that daily use of a certain exercise
machine for two months resulted in an average 10-pound weight loss, what more
would you want to know about the numbers in addition to the average? (Hint:
Do you think everyone who used the machine lost 10 pounds?)

Suppose you are comparing two job offers, and one of your considerations is the cost
of living in each area. You record the price of 50 advertised apartments for each
community. What summary measures of the rent values for each community would

you need in order to make a useful comparison? For instance, would the lowest rent
in the list be enough information?

g In February 2013, the median sales price of a new home in the United States was
$264,900, and the average price was $310,000. How do you think these values are
computed? Which do you think is more useful to someone considering the purchase
of a home, the median or the average? (Source: http://www.investmenttools.com/
median_and_average_sales_prices_of_houses_sold_in_the_us.htm, June 3, 2013,)

The Stanford-Binet IQ test, 5th edition, is designed to have a mean, or average, of 100
for the entire population. It is also said to have a standard deviation of 15. What aspect
of the population of IQ scores do you think is described by the “standard deviation”?
For instance, do you think it describes something about the average? If not, what
might it describe? '

Students in a statistics class at a large state university were given a survey in which
one question asked was age (in years). One student was a retired person, and her -
‘age was an “outlier” What do you think is meant by an “outlier”? If the students’
~ heights were measured, would this same retired ‘person necessarily have a value -
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there are multiple individuals with the same value, and some of them are tlefd ?/tlrtx};
the median. So the formal definition is that the median is the value that has halt 0
ordered list of numbers at or above it and half of the ordered list at or below é (;mmon
If one or more values in a data set occur more than once, then the mostf iiomst
one is called the mode. The mode is sometimes mentioned ’as a mealslurt;eo e
but in fact it can occur anywhere in the data set, so it doesn’t gengra anihe s
center. For the age example, there are many values that occur twwhei, il
occurs three times, so the mode is 65. Most of the ages ’e}r‘e n ‘faCtxanglple. o
the mode is not a very useful representation of “centei in th;i f; o mstance,
ally, the mode makes sense as a measure of the most typlrzarecorded e i of
suppose the ages of the students in a kipdergarten clas; Wi B T 17 chil s
the school year, and there were three children at eacho Z%} e~ S
at age 5. Then it would make sense to report that the m

Outliers

. he
; : t higher than t :
see that for the oldest ages, the median g ng\::/ ltlt?e mian. It didn't
b Caf; %6 3. That’s because a very low age, i ?Vaq 78 or less, its effect
melallrzlo tﬁé median because, as long as that very low age Was
P lled
i be the same. hey are ca
or ‘Z:: 1\(Jiahlee:s are far removed from the rest thﬂtle dzlti:l ; ea}; T
If one or m determining what qu s :
¢ d and fast rules for sy e . In this
oo ’I"here % ::rrgarguidelines that are often used in 1dent1fy‘3gfrt:r?1nihe other
but we will learln would agree that the age of 36 is so far remo:l;s 2 e
sl p‘eocf t?mitely qualifies as an outlier. Tbe reason for1 1
value'ls tiha;t::tr \:e look at possible reasons for outliers in general.
revealed a
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' joht occur, and what to do about them:
reasons outliers mig
Here are three

or is a legitimate data value and represents natural variation in
R i 15‘)that case, the outlier should be retained and included in data
responses. )

& hen recording the measurement or a question was
2. A.mlst?ketj:; rﬁ?(:;:: case, if the correct value can found, replace the
mIS}]ndégther‘;ise, delete it from the dataset before computing numerical
mm (But always report doing so.)
| 3 m mtth dual(s) in question belogg(s) to a different group than the rest
7 of the individuals. In Fha; case, outliers can be excluded if datg summaries
desired for the majority group only. Otherwise, the

Y should be retained.

ich of these three reasons is responsible for the outlier | e
‘ :;?thhat the student who gave the response of 3 he olde

- 6 years migy
thought he was supposed to give the age of the | nderstood

St ages? It turpg
the quest;

s ston. He
ESt person whoge age he aCtually
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years old. He knew older people, but did no
ard that outlier depends on the question
{ the people studens

1 is “What are the oldest ages 0 .
e }?uelsglg: cllsiscarded (Reason 2, question was mlsuf‘defitood)_
e would students report when asked this question?”, thep
| response, and should not be discarded (Reason 1). Byt

e noted in any narrative summary of the data,

s his father, who was 36

- 3 a y
e, L Whether or not to disc

know their exact ages.
we want to answer. If th
know?", then the outlier s
If the question 18 “What ages

the value of 36 years is a rea
its value and the reason for it should b

Variability ; A
The third kind of useful information contained in a set of daga is the variability.
How spread out are the values? Are they all close togetf}eh Are most of t}.lem
together, but a few are outliers? Knowing that the mean 1 about 7§, you might
wonder if your great grandmother Margaret’s age of 86 is unusually high. It would
obviously have a different meaning if the reported ages ranged from 72 to 80 than
if they ranged from 50 to 100.

The idea of natural variability, introduced in Chapter 3, is particularly im-
portant when summarizing a set of measurements. Much of our work in statistics
involves comparing an observed difference to what we should expect if the dif-
ference is due solely to natural variability. For instance, to determine if global
warming is occurring, we need to know how much the temperatures in a given
area naturally vary from year to year. To determine if a one-year-old child is
growing abnormally slowly, we need to know how much heights of one-year-old
children naturally vary.

Minimum, Maximum, and Range

The simplest measure of variability is to find the minimum value and the maximum
value ?n}(,i tol compute the range, which is just the difference between them. In the
case of the oldest ages, the reported ages went from 36 t .

: ; 0 99, for a range of 63 years.
Without the outlier, they covered a 47 year range, from 52 to 99 Mar a%vet’ 4 e)i{s not
so surprising given that range. S 1

Temperatures over the years on a given date in a certain location may range from
a record low of 59 degrees Fahrenheit to a record high of 90 degrees Ya 31g-dcgree

range. We introduce two more measures of variabilj :
B 230 ility, the .
standard deviation, later in this chapter. ¥, the interquartile range and the

Shape

The fourth kind of useful information is the : S
certain kind of picture of the data. We can ansvxslgf g:;sz};f:l can be dérived ﬁ;ﬂ é
values clumped in the middle with values tailing off g o ascuhch as:? Are most of tht
distinct groupings, with a gap between them? Are e ind. Are th
or at one end with a few very high or low valyeg? By t 1: values cl
from 36 to 99, Margaret’s age of 86 would have 5 > :fn nowing t
lumped mostly in the 60s and the 90s, for instan erent mea
ly across that range. nce, than if ¢
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ing Data: Stemplots and Histograms

About Stemplots

A stemplot is a quick and easy way to put a list of numbers into order while getting
a picture of their shape. The easiest way to describe a stemplot is to construct one.
Let's first use the ages we’ve been discussing, then we will turn to some real data,
where each number has an identity. Before reading any further, look at the right-
most part of Figure 7.1 so you can see what a completed stemplot looks like. Each
of the digits extending to the right represents one data point. The first thing you see
is 3|6. That represents the lowest reported age of 36. Each of the digits on the right
represents one reported age. For instance, see if you can locate the age of the oldest
person, 99. It’s the last value to the right of the “stem” value of 9|.

Creating a Stemplot

Stemplots are sometimes called stem-and-leaf plots or stem-and-leaf diagrams.
Only two steps are needed to create a stemplot—creating the stem and attaching the
leaves.

Step 1: Create the stems.

The first step is to divide the range of the data into equal units to be used on the
stem. The goal is to have approximately 6 to 15 stem values, representing equally
spaced intervals. In the example shown in Figure 7.1, each of the seven stem values
represents a range of 10 years of age. For instance, any age in the 80s, from 80 to 89,
would be placed after the 8| on the stem.

Step 2: Attach the leaves.

The second step is to attach a leaf to represent each data point. The next digit in the
number is used as the leaf, and if there are any remaining digits they are simply
dropped. Let’s use the unordered list of ages first displayed:

75. 90, 60, 95, 85, 84, 76, 74, 92, 62, 83, 80, 90, 65, 72, 79, 36, 78, 65, 98, 70,
88. 99, 60, 82, 65, 79, 76, 80, ip g ]

Step 1 St.ep 2 Step 3
Creating the stem Attaching leaves The finished stemplot
: 3 316
4 4 4
5 S 5|2
g gg 6|025505
: 4 715642980965
. S 815430820
21052089

Example 3|6 = 36
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Further Details for Creating Stemplots

of what your own pulse rate is when you

are relaxed. You collect 25 values over d few .days and' fm((i:l ‘thia;ltatshfti}}l’erf::f; froonlz
54 to 78. If you tried to create a stemplot using the flr?td lti i i;syf e
would have only three stem values (5. 6 and 7). If you trie + this el W(%uld .
the stem, you could have as many as 25 separate values, and the pic
meaningless. ;
Thegsolution to this problem is to reuse each of the digits 5, 6. and 7 in the sFel'n.
Because you need to have equally spaced intervals, you could use ea(':h of the digits
two or five times. If you use them each twice, the first listed would receive leaves from
0 to 4, and the second would receive leaves from 5 to 9. Thus, each stem value would
encompass a range of five beats per minute of pulse. If you use each digit five times,
each stem value would receive leaves of two possible values. The first stem for each
digit would receive leaves of 0 and 1, the second would receive leaves of 2 and 3, and
so on. Notice that if you tried to use the initial pulse digits three or four times each, you
could not evenly divide the leaves among them because there are always 10 possible
values for leaves. Figure 7.2 shows two possible stemplots for the same hypothetical
pulse data. Stemplot A shows the digits 5. 6, and 7 used twice; stemplot B shows them
used five times. (The first two 5°s are not needed and not shown.)

Suppose you wanted to create a picture

Table 7.1 lists the estimated median income for a four-person family in 2014 for

a, information released by the
levels in the Low Income Home

!
! each of the 50 states and the District of Columbi
s government in May 2013 for use in setting aid
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Estimated 2014 Median Income for a Family of Four

Alabama $64,899 Montana $68,905
Alaska $87,726 Nebraska $74,484
Arizona $64,434 Nevada $69,475
Arkansas $56,994 New Hampshire $94,838
California $77,679 New Jersey $103,852
Colorado $84,431 New Mexico $57,353
Connecticut $103,173 New York $83,648
Delaware $83,557 North Carolina $66,985
District of Columbia $87,902 North Dakota $82,605
Florida $65,406 Ohio $73,924
Georgia $67,401 Oklahoma $63,580
Hawaii $85,350 Oregon ‘ :
Idaho $61,724 Pennsylvania

lllinois $81,770 Rhode Island

Indiana $70,504 South Carolina

lowa $76,905 South Dakota

Kansas S T8 ~ Tennessee

Kentucky $65,968 ~ Tex

Louisiana $68,964 - L0 £ Jt

Maine $74,481

Maryland $105,348

Massachusetts $102,773

Michigan
Minnesota
Mississippi
Missouri

$2
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' values of 5, 6,6, 7, 7., 8,8,
| large as this one, it is better t

000 range, resu‘lt‘inig i
d half of the $100, o
t:egsﬁi)o?o for a total of 11 stem values. For a datasers.

o spread the values out somewhat, so we will divids

$56,994) and end it with

| i i 00. .
| incomes into intervals of $50 d stemplot. Notice that the leaves have been PUtin

i een
‘ order. Notice also that the income values have b

5 te a number, simpl :
;r5u6n ;;4 (for Arkansas) is truncated to $56,000 instead of rounded to $57,000. Roypg.

; ing could be used instead. , .

Figure 7.3 shows the complete truncated instead of roundeq, To

y drop off the unused digits. Thus, the lowest income

Obtaining Information from the Stemplot

Stemplots help us determine the “shape” of a data set, identi‘f‘y outliers, 31?(1 1oc?te
the center. For instance, the pulse rates in Figure 7.2 hftve a bell shape™ in which
they are centered in the mid-60s and tail off in both dlrecpons from there. 'Fhere
are no outliers. The stemplot of ages in Figure 7.1 clearly illustrates the outlier of
36. Aside from that and the age of 52, they are somewhat uniformly distributed
in the 60s, 70s, 80s, and 90s.

From the stemplot of median income data in Figure 7.3, we can make severa]
observations. First, there is a wide range of values, with the median income in Mary-
land, the highest, being close to twice that of Arkansas, the lowest. Second, there
appear to be four states with unusually high median family incomes, all over
$100,000. From Table 7.1, we can see that these are Massachusetts, Connecticut,
New Jersey, and Maryland. Then there is a gap before reaching New Hampshire,
at $94,838. Other than the four values over $100,000, the incomes tend to be
almost “bell-shaped” with a center around the mid $70,000s. There are no obyi-
ous outliers.

: If we were interested in what factors determine income levels, we could use
this information from the stemplot to help us. We would pursue questions like
‘\‘Vhat. is dlfferept about the four high-income states?” We might notice that much
0{ \tl;_elr population works in high-income cities. Many New York City employ-
ces Ive in Connecticut and New Jersey, and Washington, D.C. employees live

in Maryland. Much of the population of Massachusetts lives and works in the
Boston area.

Creating a Histogram

Hlstograms are picture
1S more feasible than a

ange,
equivalently ~
i # RKE i co :
In that in[er\/a]. ke the height equal to the : unt 1;‘01’ each part of the range“gr,
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Figure 7.5 Midpoint  Count
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};‘2;10:5) 86 Ii/ilak;: sure you find the middle of the Oadireespecially if the leaves have
85 and 86, ; 0
7 : ly from a stemplot,
The median can be found quickly

: ily in-
dian of the fami
been ordereq. Using Figure 7.3, convince yourself that the me
come data is the 26th valye (5=
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Median of $74,073. Notice thag this would pe the 13th value from tlie bott03 b
=134 I+ 1o ounting fropy, the low end of the stemplot in Figure 7.. ) $66.850
Value g fir OCcurrence of $66,000. Consulting Table 7.1, the ValLi " hig’h&gt
(Texas). Th ile ig the median of the upper 25 values, wh.ich is thg £

»U00s, Consulting Table 7.1, we see that it is $83,

below thatkféi LSI;: t{}at three‘fourths of the

: e 3 es at or
States have median family incom
g Ork, Which 18
e f“’e‘mlmber - $83,648.

Or the family income data is thus:
$74,073
$66,33)
i $83
$5 6994 648

$105,348
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These five numbers provide a useful summary of the entire set of 51 numbers. We
can get some idea of the middle, the spread, and whether or not the values are
clumped at one end or the other. The gap between the first quartile and the median
($7193) is somewhat lower than the gap between the median and the third quartile
(89575), indicating that the values in the lower half are somewhat closer together than
those in the upper half. The gap between the extremes and the quartiles are larger than
between the quartiles and the median, especially at the upper end, indicating that the
values are more tightly clumped in the mid-range than at the ends. ,
Note that, in using stemplots to find five-number summaries, we won’t always
be able to consult the full set of data values. Remember that we dropped the last
three digits on the family incomes when we created the stemplot. If we had used the
stemplot only, the family income values in the five-number summary (in tho
would have been $56, $66, $74, $83, and $105. All of the conclusions we m:
previous paragraph would still be obvious. In fact, they may be more obviot

4 Boxplots

A visually appealing and usefuii
boxplot, sometimes called a bo;
easy comparison of the cente

b3

EXAMPLE 7.5 {20
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Creating a Boxplot

The boxplot for the hours of sleep is presented in Figure 7.9 and illustra

€s how ,
boxplot is constructed. Here are the steps:

1. Draw a horizontal or vertical line, and label it with values from the lowest
highest values in the data. For the example in Figure 7.9, a horizontal line ;
and the labeled values range from 3 to 16 hours.

o [he
S used

!\J

Draw a rectangle, or box, with the ends of the box at the lower and upper quar.
tiles. In Figure 7.9, the ends of the box are at 6 and 8 hours.

3. Draw a line in the box at the value of the median. In Figure 7.9, the median i
at 7 hours.

4. Compute the width of the box. This distance is called the interquartile range

because it’s the distance between the lower and upper quartiles. It’s abbreviated a5
“IQR.” For the sleep data, the IQR is 2 hours.

- Compute 1.5 times the IQR. For the sleep data, this is 1.5 X 2 = 3 hours. Define

an outlier to be any value that is more than this distance from the closest end of
the box. For the sleep data, the ends of the box are 6 an
(6 — 3) = 3, or above (8 + 3) = 11, is an outlier.

6. Draw a line or “whisker” at each end of the box that extends from the ends of the box
to the farthest data value that isn’t an outlier. If there are no outliers, these will be the
m?nimum and maximum values, In Figure 7.9, the whisker on the left extends to the
minimum value of 3 hours but the whisker on the right stops at 11 hours.

7. Draw asterisks to indicate data values that are beyond the whiskers and are thus

d 8, so any value below

considered to be outliers. In Figure 7.9, we see that there are two outliers, at 12
hours and 16 hours.
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In the boxplot in Figure 7.9, we can see that one-fourth of the students slept between
3 and 6 hours the previous night, one-fourth slept between 6 and 7 hours, one-fourth
slept between 7 and 8 hours, and the final fourth slept between 8 and 16 hours. We can
thus immediately see that the data are skewed to the right because the final fourth covers
an 8-hour period, whereas the lowest fourth covers only a 3-hour period.

As the next example illustrates, boxplots are particularly useful for comparing two
or more groups on the same measurement. Although almost the same information is
contained in five-number summaries, the visual display makes similarities and differ-
ences much more obvious.

[STTTITER] Who Are Those Crazy Drivers?

The survey taken in the statistics class in Example 7.5 also included the question
“What's the fastest you have everdriven a car? mph.” The boxplotsin Figure7.10
illustrate the comparison of the responses for males and females. Here are the corre-
sponding five-number summaries. (There are only 189 students because one didn't |
answer this question.) o i el

Males (87 Students) Females (102 Students)

110
95 120 - 80
55 150 30

Some features are |
number summarie
per quartile for the
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7.5 Traditional Measures: Mean, Variance,
. and Standard Deviation

The five-number summary has come il_lto use relativcly e
two numbers have been used to describe a set of numbers: the p %ly"ﬂy
the center, and the standard deviation, representing the spreqg R e v
values. Sometimes the variance is given instead of the standard deviation ;’km the
dard deviation is simply the square root of the variance, so once o ha\:e s
can easily compute the other. You
The mean and standard deviation are most useful for symmetric sets of
no outliers. However, they are very commonly quoted, so it is importan
stand what they represent, including their uses and their limitations,

data v
10 undes.

The Mean and When to Use It

As we discussed earlier, the mean is the numerical average of a set of numbers.
In other words, we add up the values and divide by the number of values The
mean can be distorted by one or more outliers and is thus most useful when here
d4re no extreme values in the data. For example, suppose you are a student tak-
ing four classes, and the number of students in each is, respectively, 20, 25, 35,
and 200. What is your typical class size? The median is 30 students. The mean,
however, is 280/4 or 70 students. The mean is severely affected by the one large
class size of 200 students.

As another example, refer to Figure 7.7 from Example 7.4, which displays hours
per week students reportedly exercise. The majority of students exercised 10 hOfer
or less, and the median is only 3 hours. But because there were a few very high
values, the mean amount is 4.5 hours week. It would be misleading to say that
students exercise an “verage of 4.5 hours a week. In this case, the median s a beter
measure of the center of the datg.

I)utg in \'o!ving incomes or prices of thin gs like houses and cars often are Sif‘“"’d
I;}‘:*‘l‘:\:i‘trf:tn\:il:: :;)l:r:e large (3utlicrs. They are unlikely to have extreme Oat;:*é::;?
distorted by the hj ’heom:)lr‘]-etdry Valges Can- tg~0 o Be?ause ke Ily sum-
maried o) i %‘ned?’ xcr;, data involving Incomes Or prices are ustfg géi\'cﬂ
ares, indsagt it = mea;m. | f)r §§amp'le, the medlap price of a hguse ‘:;s et
becansm e bosma Soﬁirlfce, i routnne'ly'Quoted in the economic e all : distort
the mean by would ha;/e ]itt;)er S?;]era] TN do.llars wqul.d SUt-’Stantuin ')I"h
Question 3, which & L ctfect on the median. This is eviden
United States in F
was $310,000.

= rePorted that the median price of new homes it
ruary 2013 wag $264.900, but the average price, the e

British male heights j
millimeters (about 6
68 inches).

uld be aboyt ¢qual. As an example, notice th;l 3
t that description. The mean height 15 ! 4bov
and the median height is 1725 millimeters (2" '
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The Standard Deviation and Variance

It is not easy to compute the standard deviation of a set of numbers, but most
calculators and computer programs such as Excel now handle that task for you.
For example, in Excel if the data are listed in rows 1 to 20 of Column A, type
"=STDEV.S(A1:A20)" into any cell and the standard deviation will be sbown. It 1s
more important to know how to interpret the standard deviation, which is a useful

measure of how spread out the numbers are. Consider the following two sets of num-
bers, both with a mean of 100:

Numbers Mean Standard Deviation
100, 100, 100, 100, 100 100 0
90, 90, 100, 110, 110 100 10

The first set of numbers has no spread or variability to it at all. It has a standard de-
viation of 0. The second set has some spread to it; on average, the numbers are about
10 points away from the mean, except for the number that is exactly at the mean.
That set has a standard deviation of 10. - :

gk &3

g 2
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The easiest interpretation is to recognize that the standard deviation is roughly

the average distance of the observed values from'thetr mel;an. V\;hrsf?;hfhgast? aii;;/fda
bell shape, the standard deviation is quite useful indeed. ()(())r ez : s}:an’d ol -
Binet IQ test (5th edition) is designed to have a mean of 100 an e ox;
of 15. If we were to produce a histogram of 1Qs for a large g; Oillp ; ¥ g Yk
the whole population, we would find it to be approximately i -S ageu.f s center
would be at 100. If we were to determine how far each person s IQ fe r(?m 100,
we would find an average distance, on one side or the otl.ler., of about. 15 points. (In
the next chapter, we will see how to use the standard deviation of 15 in a more use-
ful way.) For shapes other than bell shapes, the standard de;vx_atmn is useful as an
intermediate tool for more advanced statistical procedures; it is not very useful on

its own, however.

‘ 1 Putting it All Together with Women's Heights

Let’s look at how to combine the information learned in this chapter into one coher-
ent story. Women in a college statistics class were asked to report various measure-
ments, including height, for which 94 women responded. Most of them reported
height to the nearest inch, but a few reported it to the nearest half inch.

We probably can consider these women to be representative of all college women
tor this measurement. What can we learn about college women's heights from these
94 individuals? Figure 7.11 illustrates a boxplot of these measurements, and the five-
number summary used to construct it. From these, we learn the following:

. zhe heiglihwts ranged from 59 inches (4 feet, 11 inches) to 70 inches (5 feet, 10 inches).
The »rrmc?n qf 64 means that half of the women reported heights of 64 inches or
more, and half reported 64 inches or less.

. The lo ves -
{'H;‘*! \i t one tourt.h of the women ranged from 59 to 63 inches, the next oné-
o;ef}g :r:;n f63 to 64 inches, the next one-fourth from 64 to 66 inches, and the final
urth from 66 to 70 inches. Therefore, heights are more spread out in the

extremes than in the mi : ;
el middle and are slightly more spread out in the upper half than

+ There are no outliers. %

Figure 7.11

Boxplot of heights of
94 college women,
and five-number

summary used to
Create 1t

5% 60 Blr A2t 5T 65 66 67 (>I8 élQ 7|O

Height finches)

Median
Quartiles 63
Extremes 50

64

66
4L,
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igure 7.12
gti::plot and histo- P
gram for heights of bl
94 college women Stem—and-leaf of height N = 94
for Example 7.7 teat Unit = 1.0 F
S s
6100000111111 >
6 | 222732333333333833245 510
6 | 44444444444444445555555555555 5:3;'
6 | 666666666666777777777 e o 8
6 | 88889999
7 1 000 e w
s
Example: 5| 9 = 59 inches idm =
=
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rd deviations of the mean is quite “nzrmal.” Be carefy
and “normal” in your everyday speech.
ing I” with average is particularly common in weather. data re.
Equating “norma ften confuse these. When reporting rainfall data}, this confy.
portage. News stories g) Letndrought and flood years when in fact Fhe ral.nfall for the
sion %eadsltlo Sitt(})]rifzin(c))rmal” range. If you pay attention, you will notice this mjs.
zl;?; ;,Se;?g r:;de in almost all news reports about the weather.

3 ¢85 How Much Hotter Than Normal Is Normal?

" It's true that the beginning of October, 2001 was hot in Sacramento, California, Byt
| how much hotter than “normal” was it? According to the Sacramento Bee:

October came in like a dragon Monday, hitting 101 degrees in Sacrgmento by
late afternoon. That temperature tied the record high for Oct. 1 set in 1980—and
was 17 degrees higher than normal for the date. (Korber, 2001)

height within a few standfl
about confusing “average

The article was accompanied by a drawing of a thermometer showing that the “Normal
High” for the day was 84 degrees. This is the basis for the statement that the high of 101
- degrees was 17 degrees higher than normal. But the high temperature for October 1 is
| quite variable. October is the time of year when the weather is changing from summer

to fall, and it's quite natural for the high temperature to be in the 70s, 80s, or 90s. While

- 101 was a record high, it was not “17 degrees higher than normal” if “normal” includes
the range of possibilities likely to occur on that date. .

Detectmg Exam Cheating with a Histogram

SOURCE: Boland and Proschan (Summer 1990)), pp. 10-14
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Figure 7.13

Histogram of the num-
her of matches to A's
snswers for each
tudent

s Data from Boland

3 ¢
QUILC

Proschan, Summer 1990,

et
qiid
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%
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. Y4 * %
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*k ok * 3312
x * Kk * * *
* ::::: :I* &
X * * % * k% * % * X % :* @
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32 matches to Student A, including 19 questions they both got right and 13 out of
the 16 questions they both got wrong.

The results are shown in the histogram in Figure 7.13. Student C is coded as a
C. and each asterisk represents one other student. Student C is an obvious outlier
in an otherwise bell-shaped picture. You can see that it would be quite unusual
for that particular student to match A’s answers so well without some explanation
other than chance.

Unfortunately, the jury managed to forget that the proctor observed Student C
looking at Student A’s paper. The defense used this oversight to convince them
that, based only on the histogram, A could have been copying from C. The quilty
verdict was overturned, despite the compelling statistical picture and evxdm& B

Thinking About Key Concepts

« Knowing the mean (average) of a list of numbers is not very information wi
additional information because variability is inherent in almost all me
It is useful to know how spread out the numbers are, what range they
basic shape they have, and whether there are any outliers. S
Outliers are values that are far removed from the bulk of the data. T
mean and standard deviation, but have little effect on the median
tile range. There are three basic reasons outliers occur, a
treated depends on which of these reasons holds.
« The mean and median for aset of measmementsmbg
if there are outliers Or extreme skewngs&iﬂ th
more appropriate repr tation of a “t)
« Useful pictures of data include st
determined from stemplots an
of display for comparing two or
. “Normal” should not be eq
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Focus on Formulas

The Data

n = number of observations

9 1 » § A
i h S

The Mean 7
- = X,,) £y ;,; Z b

i=1

1 oo
X:~(X1+x2+
n

The Variance

1 n Ko
2 = (xi T X)
e

: : i
The Computational Formula for the Variance (easier to compute directly wi

l n _—]__

= .X:—
) e

n

The Standard Deviation

B eviation &
Use either formula to find s°, then take the square root to get the standard d

B

Exercises

Exercises with numbers divisible by 3

P af
(3, 6, 9, etc.) are included in the Solutions
the back of the

book. They are marked with an asterisk &)

1. At the beginning of this chapter, the

and
following “oldest ages” were listed.,

: 1s€.
2. Refer to the previous exercl

and a stemplot was shown for them
in Figure 7.1: 75, 90, 60, 95, 85, 84,
76,74,92, 62, 83. 80,90, 65, 72, Fi
36,78, 65,98, 70, 88,99, 60, 82,65
19,76, 80,52 75

a. Create g five-num

for these ages.
b. Cre

ber Summary

ate a boxplot using the five-
number Summary from part (a).

4088
the stemplot for the “oldest 4
in Figure 7.1.
old-

the
a. Create a stemplot for lue

- ach 108 ¥
est ages using each le ot
twice instead of on¢
stem.

g aled

b. Compare the stemplof (c)re i

in part (a) with theatu s 0!

Figure 7.1. Are any fef ey
the data apparent 17



