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and Variability

Central Tendency

Mean, the Arithmetic Average
Median, the Middle Score
Mode, the Most Common Score

- BEFORE YOU GO ON

B You should understand what a distribution is

- (Chapter 2).
How Outliers Affect Measures of
Central Tendency o
Which Measure of Central Tendency B You should be able to explain histograms and
Is Best? frequency polygons (Chapter 2).- i

Measures of Variability
Range

-Variance

- Standard- Deviation
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On August 9, 1945, chance variability in the cloud cover
diverted a B-29 bomber from Kokura, Japan, fo its sec-
ondary target, the city of Nagasaki, When the atomic bomb
exploded 2 few hundred feet above a tennis court, all of the
buildings and most of the people who lived in the city of,
Nagasaki simply disappeared; the people in Kokura sur-
vived. Chance variability matters.

How does any nation recover from such devastation? In
1950, an American statistician named W. Edwards Deming
persuaded Japan’s leading engineers and businesspeople that
a statistical idea could re-create their entire industrial-based
economy: variability. Deming’s core statistical insight was
that people were happy to pay for cars, kitchen appliances,
and electronics with high reliability (low variability).

The Japanese industrial leadership embraced Deming,
as well as his idea that it was management’s job to reduce
anything that contributes to product variability (an unre-
liable product). In manufacturing, variability might be due
to using different suppliers because they submitted the low-
est bid, using worn-out machinery to save money in the
short term, or making working conditions unpleasant for
employees. : ‘

Deming provided practical, statistical guidelines so that
Japanese businesses could lower product variability. As
Japan’s industrial leaders applied Demings statistical insight,
they quickly discovered that controlling variability could
be translated into thousands of different manufacturing so-
lutions. The insight transformed the reputation of Japanese

. : companies as manufacturers of cheap junk into one of
| Nagasaki, Three Days Atter the Atomic Bomb manufacturers of high-quality products. To this day, the
AR Japanese are specific about how they transformed their dev~
astated nation from 2n economic disaster to an industrial leader:' W, Edwards Deming.

Deming’ statistical approach to manufacturing centered on variability, and in fact,
| variability is one of the basic building blocks of most statistical techniques. In this chap-
1 ter, we learn about three common measures of variability in a distribution: range,
4 variance, and standard deviation. But to fully understand variability, we first have to
know how to identify the middle of a distribution. So before we learn about variabil-
ity, we first introduce three measures of the middle of a distribution, or the central ten-
dency: mean, median, and mode.

MPUGatty mﬁgos

Central Tendency

AN e Contral tendency refers to the descriptive statistic that best represents the cen-,
: B> MASTERING THE CONCEPT = ter of a data set, the particular value that all the other data seem to be gat
" ering around. It’s what we mean when we refer to the “typical” scor
" Simply creating a visual representation of the distribution, as we d
important ways to understand a distribution - in Chapter 2, often reveals its central tendency. The central tenden
of data, We can use the mean, median, or is usually at (or near) the highest point in the histogram or the pol
gon (Figure 4-1), but the specific way that data cluster around a di
tribution’s central tendency can be measured three different way:

4-1: Central tendency is one of the most

mode as an indicator of central tendency.

mean, median, and mode.
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Mean, the Arithmetic Average

The mean is simple to calculate and is the gateway to understanding statistical formu-
las. The mean is such an important concept in statistics that we provide you with four
distinct ways to think about it: verbally, arithmetically, visually, and symbolically (us-
ing statistical notation),

- The Mean in Plain English The most commonly reported measure of central ten- |
- dency is the mean, the arithmetic average of a group of scores. The mean, often called the
average, is used to represent the “typical” score in a distribution. This is different from
the way we often use the word average in everyday conversation. We may refer to 2
person as average in a somewhat derogatory way, noting that someone is “just” aver- |
age in athletic ability or 2 movie was “only” average. The word average connotes so
many different shades of meaning that we need to define the mean arithinetically.

rhe Mean in Plain Arithmetic The mean is calculated by summing all the scores
in a data set and then dividing this sum by the total number of scores. You likely have
caleulated means many times in your life.

------- e e e L R L Y

‘or example, when we explote the numbers of students mentored by the 54 graduate ad- : EXAMPLE 4.1
ors that we considered in Chapter 2, the mean would be calculated by first adding the
inber of students for each mentor, then dividing by the total number of mentors,

;"Add all of the scores together.
: & Centrai tendency refers to the
deseriptive stalistic that best

+'3+3+4+5+9+5+3+3+5+6+3+4+8+6+3+3+3+4 represents the center of a data
‘ 4+7+6+3+5+5+7+13+3+34+3+3+3+4+4+4+5 set, the particular value that all
T+6+7+8+8+3+3+3+54+3+3+5+3+5+3+3=250 the olher data seem to be
gathering around.

ide the sum of all scores 1 thls. case, the sum of all scores is 250, g pg mean is the arithmetic
the total number of scores. Which is then divided by 54, the number of average of a group of scores. It
scores in this sample: is caloufaled by summing all
the scores and dividing by the
250/54 = 4.63 total number of scores,
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FIGURE 4-2

The Mean as the Fulcrum of
Our Data

The mean, 4.63, is ihe balancing point
tor afl the scores for “numbears of
students. mentared” for the advisors in
eur sample. Mathematically, the scores
always balance around the mean for
any sample.

7 A statistic is a number based
on & sample taken from a
population; stafistics are
usually symbolized by Latin

I letters.

@ A parameler is a aumber

5 based on the whofe
population; parameters are

| usually symbolized by Greek

i letters.

4,63

Visual Representations of the Mean Think of the mean as the visual point that
perfectly balances two sides of a distribution. For example, the mean of 4.63 “students
mentored” is represented visually as the poine that perfectly balances that distribution,
shown in the histogram in Figure 4-2.

The Mean Expressed by Symbolic Notation Symbolic notation may sound far
more difficult to understand than it really is. After all, you just calculated 2 mean with-
out symbolic notation and without a formula. Fortunately, we only need to under-
stand a handful of symbols to express the ideas necessary to understand statistics.
Here are the several symbols that represent the mean. For the mean of a sample,
statisticians typically use M or X, In this book, we use M; many other books also use
M, but some use X (pronounced “X bar”). For a population, statisticians use the Greek
letter ¢ (pronounced “mew”) to symbolize the mean. (Although there are exceptions,
Latin letters such as M tend to refer to numbers based on samples, and Greek letters
such as # tend to refer to numbers based on populations.) The numbers based on sam-
ples are called statistics; M is a statistic. The numbers based on populations are called param-
eters; ¢ is a parameter. Table 4-1 summarizes how these terms are used. As shown in

" TABLE 4-1. The Mean in Symbols :
The mean of a sample is an sxample of a statistie, whareas the mean of a population Is an example of a pa-
. ramater. The symbols we use depend on whether we are referring to the mean of a samgple or a population, ;

‘ ) Nﬁmbér - Used for Symbol ) “Prd}ioﬂac_éﬁ 73‘
; Statistie Samgla : Mor X ; “M? or "X bar*
Parameter Population : 7 ‘ "mew’




Coviwmianis FIGURE 4-3
(S)amples “(P)opulations’ :  Try using a mnemenic trick to remamber the distingtion

A e between samples and parameters. The letier s means
that numbers based on {sjamples are called (s)tatistics.
The letter p means that sumbers based on {gopulations
are called {plarameters.

(S)tatistics

(Pjaraiaters

' Figure 4-3, you can remember this distinction by the first letters of these words: sfa-
' tistic and sample both begin with s, and parameter and population both begin with p.
These symbols are part of the language of statistics and help us to commurdcate with
other statisticians,

A formula to calenlate the mean of a sample would use the symbol M on the left
side of the equation. The right side would provide information on the actual calcu-
lation of the mean. A single score is typically symbolized as X, We know that we're
summing all the scores, all the X, so the first step is to use the summation sign,
{pronounced “sigma™, to indicate that we're summing 2 list of scores. As you might
gutess, the fill expression for summing all the scores would be ZX, This instructs us
to add up all of the X’s in the sample.

Step 1: Add up all of the scores in the sample. In statistical notation, this is X

Step 2: Divide the sum of alt of the scores by the total namber of scores. The totat
number of scores in a sample is typically represented by N (Note that the capital leeter
N is typically used when we refer to the number of scores in the entire data set; if we
break the sample down into smaller parts, as we'll see in later chapters, we typically use
the lowercase letter n for the number of scores in each part.) The full equation would be:

_EX
M= N

et’s look at the mean for the mentoring data that we considered earlier in this

1. Add up every score. The sum of all scores is 250.

5 Divide by the total number irihfa total number of scores i§ 54, So, if w::
*of SCOores. divide 250 by 54, the resuit is 4.63. Here’s
v how it would lock as a formula:

SEX 20

4.63
N 54

M _

Statisticians tend to be as specific with their symbols as they are with their words.
“example, almost all symbols are italicized, whether in the formulas to calculate
istics or in the reporting of statistics, However, the actual numerical values of
tatistics are not italicized. Furthermore, whether or not a symbol is capitalized
y has meaning. Changing a symbol from uppercase to lowercase often changes
it means. When you practice calculating means, use this formula, being sure to
ize the symbols and use capital letters for M, X, and N.

<
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+ 4-1: The formula for the mean is:

M= %—.To calculate the mean, we

add up every score, then divide by
the total number of scores. :

arsinsannnacasnaasnary anwesane
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RING THE FORMULA
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EXAMPLE 4.2
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Median, the Middle Score

The second most common measure of central tendency is the median, The median is

the middle score of all the scores in a sample when the scores are arranged in ascending order. We

can think of the median as the 50th percentile. The median does not tend to be de-

noted by a symbol, although in APA style, the writing style of the Arperican Psycho-

logical Association, it can be abbreviated as mdn. (Note that APA style, despite the word
o psychological in its name, is used across many of the social sciences; you ar¢ likely to use
L it in your courses regardless of your social science major.) To determine the median:

P Step 1: Line up all the scores in ascending order.

Step 2: Find the middle score. With an odd number of scozes, there will be an ac-
tnal middie score. With an even number of scores, there will be no actual middle
score. In this case, take the mean of the two middle scores.

Here are more specific instructions for finding the median. Keep in mind that with
a distribution of only a few data points, we won’t want to use the formula—just count
how many numbers there are in the distribution and find the score that has the same
number of scores above it and below it. Even with a distribution with many scores,
the calculation is easy. All we do is divide the number of scores (N) by 2 and add Ya—
that is, 0.5.That number is the ordinal position {rank) of the median, or middle score.
As illustrated below, simply count that many places over from the start of your scores
and report that number.

Mean versus Madian The madian is
W the part of ihe roadway that divides the

o dlrections in which vehicles are permifled to
dive. 1t can be dangerous o confuse the
mean and the mediar, sspeciaily when you
are calulating the “middle” of ihe roadvay!

n-nu.----.-...u”-u--auu-an.un.--.n.-----.nuu----......u-u"-nn.n-..u---.vnuuu---cnu-----.u.u-.u....u.-.-..nu----.uu---u

EXAMPLE 4.3 Here is an example with an odd number of scores (representing numbers of studen
mentored for a sample of nine professors):

3,4,9,4,7,7,6,3,3

STEP 1, Line up the scores in
ascending order:

3,3,3,4,4,6,7,7,9
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First we count the total number of scorces.
There are 9 scores: 9/2 = 4.5. If we 2add 0.5
to this result, we get 5. Therefore, the median is the 5th score. We now count across
to the 5th score. The median is 4.

STEP 2. Find the middie score.
dian is
der. We
be de-

sycho-
¢ word Here is an example with an even number of scores. Using the same data as in the ex- EXAMPLE 4.4
to use ample with the odd number of scores, we add one more data point: 13.

:dian:

an ac- STEP 1. Line up the scores in
middle } ascending order.

3,3,3,4,4,6,7,7,9,13

First we count the total number of scores.
5 There are 10 scores. We then divide the
number of scores by two: 10/2 = 5.1f we add 0.5 to this result, we get 5.5; therefore,
the median is the average of the 5th and 6th scores. The 5th and 6th scores are 4 and
6. The median is their mean, the mean of 4 and 6 = 5.

STEP 2. Find the middle score.

Mode, the Most Common Score

‘The mode is perhaps the easiest of the three measures of central tendency to calculate.
The mode is the most conmon score of all the scores in a sample. It is readily picked out on
a frequency table, histogram, or frequency polygon. Like the median, the mode does
not tend to be represented by a symbol. It does not even have an APA abbreviation.
When reporting modes, we use the word itself (e.g., the mode is ... }.

.......... B S T Ty PP R R P T Y E L TR )

EXAMPLE 4.5

ter. Remember that each score represents the number of that graduate advisor’s for-
er students who went on to top jobs. The mode can be found either by searching

,3,3,4,5,9,5,3,3,5,6,3,4,8,6,3,3,3,4,4,4,7,6,3,5,5,7,13,3,3,3,3,3, 4,

: 4,4,5,6,7,6,7,8,8,3,3,3,5,3,3,5,3,5,3,3

Mode:____ g The median is the middle

o score of all the scores ina

id you get 3? If you didn’t, you might have made a common mistake. The mode is sample when the scores are
score that occurs most frequently, not the frequency of that score. So, in the data arranged in ascending order. i
above, the score 3 occurs 23 times. The mode is 3, not 23. there Ishno smg[e "."dlg;e
The mode in this exampl.e is particularly easy to detc?nm'ne bccausle Fhere is one :??;Z’&Vg $%J;nsigofe:mean
ommon score, Sometimes a data set has no specific mode. This is especially

frue when the scores are reported to several decimal places {and no number occcurs & The mode is the most

). When there is no specific mode, we sometimes report the most common common score of all the

al as the mode. Other data sets have more than one specific mode, where scores in a sample.

or more different scores are the most common. When there is more than one & A unimodal distribution has
ifode we report both, or all, of the most common scores. When a distribution of scores one mode, or most common
-mode, we refer lo it as wnimodal. When a distribution has fwo modes, we call it score,
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FIGURE 4-4

Bipolar Disorder and
the Modal Mood

Because people with bipolar disorder, especially those who are
not receiving treatment, have three different moed states in
thair lives, it might be kard to determine a true center for their
daily mood scores, The distribution might be mutlimodal, with

one mode for depressive days, one for stable days, and one Frequency
for manlc days.

Low Stable. High
(depressed) {manic}

Mood

bimedal. When a distribution has more than two modes, we call it multimedal. A his-
togram describing bipolar disease, for example, might be multimaodal, as illustrated
in Figure 4-4.

As demonstrated in the example above, the mode can be used with scale data;
however, it is more commonly used with nominal data. For example, Cancer Re-
search UK (2003) reported that lung cancer was the most common cause of can-
cer death in the United Kingdom (22%). No other type of cancer came close.
Colorectal cancer accounted for 10% of cancer deaths, breast cancer for 8%, and all
other types for 7% or less. In this data set; the modal type of cancer death is lung
cancer.

How Outliers Affect Measures of Central Tendency

The mean uvsually appears in journal articles and media reports. However, we use the
median and mode when the data are skewed {lopsided). One common reason for
skewed data is a statistical outlier. An ontlier is an extreme score that is either very high or
very low in comparison with the rest of the scores in the sample. To demonstrate the effect
of outliers on the mean, as well as the median’s resistance to the effect of outliers, let’s
use the statistical archives of America’s national pastirne, baseball.
Some baseball players have made a career out of their ability to steal bases. But one
' major league player eclipsed all others in terms of the total number of stolen bases:
# A bimodal distribution has two Rickey Henderson. Reported below are five top base-stealers in major league history

medes, or most common and the number of bases stolen:
3€01es.

A muitimodal distribution has
more than two modes, or most :
COMIMen Scores. . Lou Breck 938 |

!Bily Hamlton | 912 |

| Blckey Henderson 1406 |

An outlier is an exireme score : : !
that is either very high or very . Ty Cobb . 892 |
low in comparison with the rest " i Ralnes © 808 |
of the scores in a sample. e wqmmmns vt eb o e




To get a sense of the hfenme achievement of the best baseustealers we might want to
calculate the mean for these five players, using the formula to get a little more prac-
tice with the symbols of statistics.

EX _ (1406 + 938+ 912+ 892 +808) _ 4956
N 5

=991.2

M=

As often happens when there is an outlier, this mean is not the same as any of the
scores in the sample. The mean of 991.2 is not typical for any of these five baseball
players. An important feature of the mean, however, is that it is the point at which all
the other scores would balance. Figure 4-5 demonstrates this using the analogy of a
balance beam with the numbers of stolen bases from 808 to 1406 marked on it. Weights
are placed to represent each of the scores in our sample. The seesaw is perfectly bal-
anced if we put its fulcrum at the mean of 991.2,

800 850 9900 950 10(}0 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500

991.2

‘When we look at the stofen base data, we notice that Rickey Henderson’s score is
very different from the others. Four of the scores are between 808 and 938, not a very
-wide range. But Rickey Henderson stole 1406 bases. When there is an outlier, like
Rickey Henderson, it is important to consider what his score would do to the mean,
spemalfy if we have a small number of observations.

When we eliminate Rickey Henderson's score, the data are now 808, 892, 912, and
38, and the mean is now:

X E(SOB+892+912+938}
4

M=— 887.5

The mean of these scores, 887.5, is a good deal lower than
he mean of the scores that included Rickey Henderson’s very
igh number of stolen bases. We see from Figure 4-6 that this
an, like the previous mean, marks the point at which all other
res are perfectly balanced around it. However, this mean is a
le more representative of the scores—887.5 does seem to be
ical score for these four players. 887.5

800 850 900 950

Which Measure of Central Tendency Is Best?
ifferent measures of central tendency can lead to very different conclusions. When a
ion needs to be made about which measure to use, the choice is usually be-
1 the mean and the median. Typically, the mean is the measure of choice. However,
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EXAMPLE 4.6

FIGURE 4-5
Outliers and the Mean

When there is an oulller, sometimes the
mean is not representative of any one
actual score. With the base-stealing
data, the mean of 891.2 is above the
lowest four scores and wel below the
highest. Rickey Henderson's score pulls
the mean higher, even among the very
best base-slealers ever.

R R N R L L R L T D Ny YR A L] P T P T PP LR PR R Y}

EXAMPLE 4.7

FIGURE 4-6
The Mean Without the Ouilier

When the outlle—Rickey Henderson—
is omitied from the base-stezaling data,
the mean Is now more representative of
the actual scores in the sample.
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Marle MagraniGatty !

Celebrity Outiiers Reports of e cost

of a typlcal Manhattan apartment depend o8
whather the mean or the median is
reparted. Film star @Gwyneth Paltrow and her
nusband, Coldplay lead singer Chris Martin,
soid thelr Manhattan apartment i the
spring of 2005 for around $7 million. Such
2 sale woulki be an outfier and woutd boost
the mean; howaver, It would rct affect the
median, Of course, either way, the tyolcal
Manhatlan apartment is not within the
budget of the typical coltege graduatel

Manhattan, the New York Times provide
chind how central tendency is used to communicate real

Before the LS. real estate bubble burst, William Ne
man (2005) reported on record-high Manhattan housing prices of :
$750,000 {median) and $1 276,202 (mean).The mean was inflated by
4 few sales in the millions, outhiers that would not affect the media
For example, the film star Gwyneth Paltrow and her husband, Chris
Mactin of the rock band Coldplay, sold their Manhattan apartme
right around that time for about §7 million. This expensive price ¢

" tainly would have inflated the mean,

strating that there is a story b
estate prices.

P LT T ERR R L L
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> MASTERING THE CONGEPT
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4-2: The mean is the most cemmen

indicator of central tendency, but it is not
aways the best. When there is an outlier, it

is usually better to use the median,

the median.

Reyiew_in_g t_h_eKConcepts

=~  The three measures
{middle score), and t

> The central tendency of 2 distribution i

ical in that distribution (often its- high point). _ _ 7
of central tendency are the mean {axithmetic avcrage}_,_'the
he mode (most frequently occurzing score). :

whenever the distribution is skewed by an out-
lier (or when the distribution of observations
itself is skewed), the median is used to measure
central tendency.

The mode is generally used in three situa-
tions: (1) when one particular score dominates
2 distribution; (2) to describe bimodal or mul-
trnodal distributions; and {3) when the data are
nominal. When you are uncertain as to which
measure is the best indicator of central ten-
dency, report all three.

Ceniral tendency commmunicates an €nor-
mous amount of information with a single
number, so it is not surprising that measures

of central tendency are among the most widely
reported of descriptive statistics. Unfortunately,
many people use them incorrectly. One par-
tcular statistical “lie” or trick that is used on
consumers more than any other is reporting
the mean instead of the median. To avoid be-
ing tricked when you see a report of central
tendency, first notice whether it is reporting an
average (mean} or 2 median. Second, if it is
reporting a mean, think about whether that
distribution is likely to be skewed by one ex-
tremely high number (as in the base-stealing
example).

Here is another exarple in which the mean
and median would lead to quite different con-~
clusions: In an article on housing prices in
d 2 model of responsible journalism by demon-

but it would not have affect

s the one number that best describes whi
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o (?ut— > The mean is the most commonly used measure of central tendency, but the median is pre-
vations ferred when the distribution is skewed {lopsided) or there is an outlier. If you are unsure
\easure of which measure to report, then report all three.
> The symbols used in statistics have very specific meanings; changing a symbeol even stightly
s situa- . cant change its meaning significantly.
ninates
r mul- i e . . . - ;
)j;mu Clarifying the Concepts 4-1 What is the difference between statistics and parameters? ;
ta are :

4-2 Does an outlier have the greatest effect on the mean, median, or mode?

Calculating the Statistics  4-3 Calculate the mean, median, and mode of the following sets of numbers. .
a. 10,8,22,5,6,1,19,8,13,12,8
b, 122.5,123.8, 121.2, 125.8, 120.2, 123.8, 120.5, 119.8, 126.3, 123.6
c. 0.100, 0.866, 0.781, 0.555, 0.222, 0.245, 0.234

Applying the Concepts 4-4 Let’s examine fictional data for 20 seniors in college. Each score represents the number
of nights a student spends socializing in one week: 1,0, 1,2,5,3,2,3,1,3,1,7,2,3,2,
2,2,0,4,6

a. Using the formula, calculate the mean of these scores.

b. If the researcher reported the mean of these scores to the university as an estimate for
the whole university population, what symbol would be used for the mean? Why?

c. If the researcher were interested only in the scores of these 20 students, what
symbol would be used for the mean? Why?

d. What is the median of these scores?

e. What is the mode of these scores?
Solutions to these Check Your . . R
Learning questions can be found in £ Are the median and mean similar to or different from each other? What does this

pendix D, telt you about the disteibution of scores?

Erairanans R EEA I E R A LA TR aaR teritranaran

Measures of Variability . 4 MASTERING THE CONCEPT

After World War 11, people often poked fun at the poor quality of = irreerreesr Brrretsssssssessssssssseres e
apanese transistor radios and. other products. But it took just three 4-3: After central tendency, Va”ab];'ty is the

ts to transform Japanese manufacturing into an industry that
de high-quality products through low variability. In statistics, vari-
bility is a numerical way of describing how much spread there is in a dis-
ution. The measures of variability we learn about next !
wide new ways to describe the distribution of our data. One way | variance, and standard deviation.
numerically deseribe the variability of a distribution is by com- ;
ting its range. A second and more common way to describe vari-

1_1i_ty is by computing varience and its square root, known as standard @ Variabllity is 2 numerical way
i of describing how much spread
there is in a distributicn.

second most commoen concept (o help us

understand the shape of a distribution.

Common indicators of variability are range,

& The range is a measurs of
. . . . variahility calculated by
range is the easiest measure of variability to calculate. The range is a measure of subtracting the fowest score

tability calculated by subtracting the lowest score (the minimum) from the highest score {the minimurn) from the
maximum), Maximum and minimum are sometimes substituted in this formula to highest score {the maximurn},
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describe the highest and lowest scores, and some statistical computer prograims ab-
breviate these as max and min. The range is represented in formula as:

..-.u---.o-.-.----.o-.-......u..--.u--.

EMASTEmNGTHEFORMULng range = Xiighest ~ Xlowest

--...---..-.-.u--.o--.q--..--..u..-.

 4-2; The formula for the range i § Here are the scores for the chemistry professors we discussed earlier in the chap-
: range = Xiggoc ™ Xpues We simply 1 ter, Bach score represents the number of a professor’s students who went on to obtain
1 subtract ‘the lowest score.from the 3
¢ highest score to caleulate the range. &

akanavad

top academic jobs.

v
.--.-....--.u--..-.-......-..--.

3,3,3,4,5953 3,5,6,3,4,8,6 3,3,3,4, 447, 6,3,5,57, 13,3, 3,3,3,3,4,
4,4,5,6,7,6,7, 8,8,3,335353 53,533

-oc--u--uu.-.u“......“..u..u-u--un-----u--unu.--u-.uu-.u.-..-..-u-..--.u,.----un.n---u--n-.u.--.u.-a.--nn.--...u‘.n--u-uu

EXAMPLE 4.8 We can determine the highest and Jowest 5COrCS either by reading through the data
or, more easily, by glancing at the frequency table for these data.

STEP 1. Determine the highest score. n this case, the highest score s 13.

STEP 2. Determine the jowest score. In this case, the lowest SCOIE 15 3

Subract the lowest score from the highest

STEP 2, Calculate the range.
scores

range = Kighost — Kioest = 13 — 3 = 10.

The range can be a aseful initiat measure of variability, but what we learn from the
range is limited. It s affected by our highest and lowest scores only. 1t does not take
any other data points into account. The other scores could all be very close to the
highest score of ait huddled near the center. They could also be spread out evenly of
have some other unexpected pattern. We can’t know based only on the range.

Variance

Variance is the average of the squared deviations from the meat. 1t is a concept that
we’ll soon learn to calculate. Basically, however, variance refers to variability. When
something varies, it must vary from, or he different from, some standard. That stan-
dard is the mean. So, when we compute variance, the number we arrive at is a num-
ber that describes the degree to which a distribution varies with respect to the
imean. A small number indicates a small amount of spread or deviation around the
mean, and a bigger aumber indicates a great deal of spread or deviation around

the mean.

-.n--.u....“...-....-..--.u.nu-nu-n--unuu-.u.-u--.u.-..--.......-..unn--.c-.-un-n.n.--.u.-..u..u.........-..“u..u.u-.uuu-

EXAMPLE 4.9 Students who seek therapy at university counseling centers often do not attend many

sessions. For example, in one study, the median aumber of therapy sessions Was 3 and

the mean was 4.6 (Hatchet, 2003). Let’s examine the spread of fictional scores for 3
sample of five students: 1,2, 4, 4, and 10 numbers of therapy sSessions, with a mean 0
4.2 sessions. Next we find out how far each score deviates from the mean by subtract




ims ab- ing the mean from every score. As you right expect, we label the column that Hsts
our scores with an X. Here, our second columnn includes the results we get when we
subtract the mean from each score, or X = M. We call each of these a deviation from
the mean (or just a deviationy—the amount that a score in a sample differs from the mean of
the sample.

e ehap- 4

2 obtain

3,3, 4,

But we can’t just take the mean of the deviations. If we do (and if you try this,
don’t forget the signs—negative and positive}, we get 0. In fact, every time we do this
with dny data set, the mean is 0. Are you surprised? Remember, the mean is the point
at which all scores are perfectly balanced. Mathematically, the scores have to balance
 out. Yet we know that there is variability among these scores. The number represent-
 ing the amount of variability is certainly not 0!

When we ask students for ways to eliminate the negative signs, two suggestions typ-
ically come up: (1) take the absolute value of the deviations, thus making them all
positive, or (2) square all the scores, again making them all positive. It turns out that
the latter, squaring all the deviations, is how statisticians solve this problem. Once we
square our deviations, we can take their average and get a measure of varjability.

To recap:

We call these deviations from the mean, or

1. Subtract the mean from every '~ *%
SR deviations.

core.
po Sé;uare evéry_deviation from We call these squared deviations.
he mean,

This is often called the sum of squared de-

um all of the squared R ;
viations, or the sum of squares for short.

eviations.

That is, we take the average of the squared

ide the sum of squares by o
deviations.

he total number in the

sample (V).

his number represents the mathematical definition of variance—the average of
quared deviations from the mean.

et’s caleulate variance for our therapy session data. We add a third column to con-
the squares of cach of the deviations, then add all of these numbers up to com-
the sum of squares (symbolized as SS), the sum of each score’ squared deviation from
:'n. In this case, the sum of the squared deviations is 48.80,s0 the average squared
on is 48.80/5 = 9.76.Thus, the variance equals 9.76.
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@ Variance Is the averags of the
squared deviations from the
mean.

®H A devialion from the mean is
the amount that a score In a
sample differs from the mean
of tie sample; also called
devialion.

B The sum of squares,
symbolized as 85, is the sum
of the squared daviations from
the mean for each score.
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K

1 32 Ho2a
2 -22 | 484
4° —02 | o0
4 —02 004

Now let's put this in equation form, which will make it look more complicated
than it is but will continue to acclimate vs to symbolic notation. We need a few new
symbols at this point, because variance has several different symbols when it’s caleu-
lated from a sample, including SD?2, 52, and MS. SD2 and 52 come from the words sfan-
dard deviation squared. MS comes from the words mean square {referring to the average
of the squared deviations). We'll use SD? at this point, but we will alert you when we

""""" srecatteareiinairen it switch to other symbols for variance later. When variance is calculated from a popu-
MASTERING THE FORMULA : lation, it typically has just one symbol, 02 (pronounced “sigma squared™), and is a pa-

Trirsecanna AraanEEresrseneInnann s XYY

§4-3: The formula for varisnce 1! rameter, (Remember, Latin letters are used for statistics, which are calculated from

D HX T MP L culate var- i samples, and Greek letters are used for parameters, which are calculated from or hy-
: N ) : : :

! fance, subtract the mean (M) from | pothesized for populations.)

! every score (X) to calculate devia- We already know all the symbols needed to calculate variance: X to indicate the

tions from the mean; then square:  individual scores, M to indicate the mean, and N to indicate the sample size,
these deviations, sum them, and di- : .

vide by the sample size (N). By sum- ¢ Z( X WI}Q

: ming the squared deviations and ‘ SDh2
: dividing by sample size, we are taking ! N
¢ their mean.

areaarese i s A T AT TR NN

As you can see, variance is really just 2 mean—the mean of squared deviations.

Standard Deviation

L T Y Y PR LR D Ry Ny LR R R LR LI R T R R R T P e R P PR PP PR

EXAMPLE 4.10 Variance is useful, but not as useful as standard deviation. Standard deviation is the square
root of the average of the squared deviations from the mean, and is the typical amount that each
score varies, or deviates, from the mean. Standard deviation is perhaps better known as the
square root of variance. The problem with variance—and the reason that we need stan-
dard deviation—is that it's not very easy to understand at a glance. Remember, the
numbers of therapy sessions for the five students were 1, 2, 4, 4, and 10, with a mean
of 4.2, The typical score does not vary from the mean by 9.76. The variance is based
on squared deviations, not deviations, so it is too big. When we ask our students how
to solve this problem, they invariably say “unsquare it,” and that’s just what we do. We
take the square root of variance to come up with a much more useful number, the
standard deviation. The square root of 9.76 is 3.12. Now we have 2 number that “makes
sense” to us. We can now say that the typical number of therapy sessions for students
in this sample is 4.2 and the typical amount 2 student varies from that is 3.12.

As you read journal articles, you often will see the mean and standard deviation re-
ported as: (M = 4.2, SD = 3.12). A glance at our original data (1, 2, 4, 4, 10) tells us
that these numbers make sense: 4.2 does seem to be approximately in the center; scores
do seem to vary from 4.2 roughly by 3.12. The score of 10 is a bit of an outlier, but
not so much that the mean and standard deviation are not somewhat representative

& Standard deviation is the
square root of the average of
the squared deviations frem :
the mean, and is the typical of the typical score and typical deviation.
amount that 2ach score varies, We didn’ actually need a formula to get the standard deviation. We just took the

or deviates, from the mean. square root of the variance. Perhaps you guessed the symbols for standard deviation
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PP i it

by just taking the square root of those for variance. With a sample, standard deviation
is either SD or 5, With a population, standard deviation is ¢. Table 4-2 presents this
information concisely. We can write the formula showing how standard deviation is . .

. calculated from variance: MASTERING THE FORMULA

adtvannnines T P TP P T TP PR

SD =+/Sb2 Q i 4-4: The most basic formula for
) ! standard deviation is: SD=+/SD2. !

We also can write the formula showing how standard deviation is calculated from | We simply take the square toot of |
the original X’, M, and N: : : variance. :

....... Mestestiaee st ivasannnn s aaan R

SD= E(_X;I_ﬂ’ﬂi (| MASTERING THE FORMULA |

--------- T T I T T I I LIy

-5: The full formula for standard :

deviation is: D = 1/—2-&\—[-&42 :

calculate standard deviation, subtract :
: the mean from every score to cal-:

TABLE 4 2 Vanance and Standard Deviation in Symbois
i Ecu!ate deviations from the mean.

The vadance or standard devlation oz‘ a sample is an exampfe of a statistic, whe;eas me variance of stan- * Then squate the deviations fom the g
dard deviation of a population is an example of a parameter. The symbols we use depend on whether we are & | mean. Sum the squared deviations, :
refemng to fhe sp{ead of a sample ora populaﬂon i

+
.
.
.
.
.
.
H
*
.
H

; then divide by the sample size. Fi-

i = i e o T 38 S s 00 0 s : nally, take the square root of theg
g:::::t?l;g Variance % ! mean of the squared devmnons '
Number  Used for .. Symbal Proncunced Symbu! Pronotnced :
e e e e e R i R T e o o et B b e B e v S S T i £ 4 et € o AT e ‘..i
Slatistic Sample ’ S0or s : As written f SDJ &, or MS | [ Letters as written; if snperscnpt2 !

i { then followed by "squared”
| (e, “ess squared?}

Pammeter , Population

e, A I

I "Slgma squared”

leviewing the Concepts >  The simplest way to measure variability is the range, which is calculated by subtracting the
v lowest score from the highest score.

> Variance and standard deviation both measure the degree to which scores in a distribution
vary from the mean. The standard deviation is simply the square root of the variance, it
represents the typical deviation of a score from the mean.

arifying the Concepts 4-5 In your own words, what is vaziability?

4-6  Distinguish the range from the standard deviation. What does each tell us about the
distribution?

Iculating the Statistics ~ 4-7 Calculate the range, variance, and standard deviation for the following data sets {the
same ones from the section on central tendency).

a. 10,8,22,5,6,1,19,8,13,12,8
b, 122.5,123.8,121.2, 125.8, 120.2, 123.8, 120.5, 119.8, 126.3, 123.6
c. 0,100, 0.866, 0.781, 0.555, 0.222, 0.245, 0.234

\DplviRg the Concepts 4-8 Final exam week is approaching and students are not eating as well as usual. Four -
g students were asked how many calories of junk food they had consumed between

continued on next page
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noon and $0:00 pM. on the d
nutritionless calortes, catculated with the help of a nut

450, 670, 1130, and 1460

ay before an exam. The estimated numbers of

ritional software program, were

Using the formula, calculate the range for these scores.

. Using the formula, calculate variance for these scores.

a.
b. What information can’t you glean from the range?
<
d

. Using the formula,

e. If a research

. use for variance and standard deviation, resp
Solutions to these Check Your .

Learning questions can be found n £ If another researcher hoped to generalize

the university, what symbols would he use

Appendix D.

for var

er were interested only in these four students, what s
ectively?

calculate standard deviation for these scores.

ymbols would she

from these four students to all students at

iance and standard deviation?

..u-..u.u-.u....-.u....-n-nu-....u.-.c.---.nu-.-.nun

' REVIEW OF CONCEPT
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rrasestrnsen
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Central Tendency
Three measures of centrd
metic average of the data.The median is t
on either side of the median.The mode is the most co
there’s one mode, the distribution is unimodal; when
and when there are three or more ma
enced by outliers, whereas the median and mode are
to consider whether outliers are present in our data
of central tendency to use. Usually, however,
the mean and other measures are used to describe
symbolized by Latin letters; when they’re use
parameters and symbolized by Greek letters.

Measures of Variability

‘The range is the simplest measure of variability to
preferred measure of central tendency is the medi
minimum score in our
ation are mitch more COMIMON MEeAsures o
ferred measure of central tendency is the mean.
deviations. It is calculated by subtracting t
Jrom the mean, then squaring cach of' t
of squares of the deviations is used in many in
the square root of variance. It is the typical amount

u---.n.---..u-.--nq----.uu‘--.n-u--.u-n...u.u.

u.n.n.unu.un.nun-un---u”--.uu----.uu.--...

-.uu-.-.nu----nu---uu--na.--.uu-nuunu...

The left-hand column in “DataView” is prenumbered, begin-
ning with 1. Each column to the right of that number con-
tains data for a particular variable; each row below that number
represents a unique individual. Notice the choices at the top
of the “Data View” screen. Enter the data for the numbers of

To get a numerical

variable “students” by h

eesmmaserbRAs IR EALI RN BESSE

[ tendency ate commonly used in research.
he midpoint of the data set; 50% of scores falt-

data set from the maximum score.Var
f variability. They are used when the pre-

Variance is the average of the squared
he mean from every score to get deviations
he deviations and taking their mean. (The sum
ferential statistics.) Standard deviation is

students mentored by each professor
times in this chapter, including in example 4.5.

lyze — Descriptive Seatistic —

PP L LT TR AR

.-unn.e--nnan--uu---nn..-u.-n-uu---nuu...u-

The mean is the arith-

mmon score in the data set. When
there are two modes, it’s bimodal;

des, it’s multimodal. The mean is highly infiu-

resistant to outliers. It is important
set when deciding which measure

the mean is the preferred measure, When

samples, they're called statistics and

d to describe populations, they're called

calculate. It is often used when the
an, It is calculated by subtracting the

sance and standard devi-

that a2 score deviates from the mean.

.-u.u.u----.u.-"-.u----...---....u.un-

-.uu-uun---n”n-n.u-“...-.uun

that were used several

sars

description of a variable, select Ana-
Frequcncies.Then, select the
ighlighting it and then clicking the ar-
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row to move it from the left side to the right side. Then click: Your output will look Like that in the screen shot shown
Statistics — Mean, Median, Mode, Std. deviation, Range —  here,
Continue — OK.
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‘How It Works :
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4.1 CALCULATING THE MEAN .

Here are data for the numbers of nights out socializing in a week for 20 students,
1,2,7,6,1,2,6,5,4,4,0,3,2,2,3,4,3,5 4, 4
"How can we calculate the mean? First, we add up all of the scores:
1+2+7+6+ i+2+6+5+4+4+0+3+2+2+3+4+3+5+4+4=68
Then we divide by 20, the number of scores;
68/20 = 3.4
‘With the formula 3 = E—;f—, we'd caleulate:

=2 HTHEH 12 H6H5+ 44 +H0+3+24 243 F4+345+4+4)
M=
1)

.2 CALCULATING THE MEDIAN

ing the data for “nights out socializing” how ean we calculate the median? The median
imply the middle score, or the average of the two middle scores. For these data, we first
range the data from lowest score to highest scoze:

01122223334444455667

We divide the number of scores, 20, by 2 and add 1/2 to get 10.5. The mean of

10th and 11th scores in the ordered Hst is the median—(3 + 4)/2 = 3.5.The me-
nis 3.5




Exercises
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Clarifying the Concepts

median, and mode.

Describe each method.
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4.1 Define the three measures of central tendency: mean,

4.2 The mean can be assessed. visually and arithmetically.
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4.3 CALCULATING THE MODE

How can we calculate the mode for the “nights out socializing” data? The mode is the most
common score, We can determine this for these data by looking at the frequency distribu-
tion. Five people have a score of 4, The mode is 4.

4.4 CALCULATING VARIANCE

How can we calculate variance for the “nights out socializing” data? To caleulate variance
for these data, we first subtract the mean, 3.4, from every score to calculate a deviation. We
then square the deviations. These calculations are shown in the table below.

X x-m - M)Z'

D R S Y [

2 -1.4 196

7 36 i 1296

8 26 | 676

1 ~2.4 5.76

2 1.4 1.96

6 25 6.76

5 18 256
i 4 08 | 036 |
14 1 08 ;| 03

0 34 | 1156

3 -0.4 0.16

2 0 -4 .96

21 14 1.96

3 1 —04 0.16

4 0.6 0.36

3 —0.4 0.16

5 ¢ 18 2.56
P4 0 08 | 036
4 05 | 036 !
3 4

We then add all of the scores in the third column to get the sum of squared deviations,
or the sum of squares. This sum is 64.8.
We can use the formula to complete our caleulations:

The variance is 3.24.

4.5 CALCULATING STANDARD DEVIATION

How can we calculate standard deviation for the “nights out socializing” data? The stan-
dard deviation is the typical amnount ehat the scores in a sample vary, or deviate, from the
mean, and is the square root of the variance. For these data, we can calculate standard dc—
viation directly from the variance we calculated above using this formula;

SD=JSF7 =324 = 1.80

The standard deviation is 1.80.

MEddteatbrernatarritang B T YR PR T Y P TN PR

dderasnasrrenaa L N R Y P YT T ]
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4.3 Explain how the mean mathematically balances the dis-

tribution.

4.4  Explain what is meant by unimodal, bimodal, and mul-

timodal distributions,

4.5 In what situations is the mode typicatly used?




4.6 What is an outlier?

e ’};)055 4.7 Are the mean and median affected by outliers?
striou 4.8 Define the symbols used in the equation for variance:
spe = 2~ MP ~ MY,
;Eiancc 4.9 Why is the standard deviation typically reported rather
y than the variance?

jon. We
4.10 Find the incorrectly used symbol or symbols in each
of the following statements or formulas. For each state-
ment or formula, (i} state which symbol(s) is/are used
incorrectly, (it} explain why the symbol(s) in the orig-
inal statement is/are incorrect, and (iii) state what sym-

bol(s) should be used.

a. The mean and standard deviation of the sample of
reaction times were calculated (m = 54,2, SI2 =

9.87).

b. The mean of the sample of high school student
GPAs was ¢ = 3.08.

c. Range = Xh(g.'rc:r = Kivest

Calculating the Statistics

4,11 Calculate the mean, median, and mode for the follow-
ing data; 15, 34, 32, 46, 22, 36, 34, 28, 52, 28,

4,12 Calculate the mean, median, and mode for the follow-
ing salaries: $44,751, $52,000, 341,500, $38,862,
$51,380, $61,774.

13 Add another data point, 112, to the data presented in
Exercise 4.11. Calculate the mean, median, and mode
again. How does this new data point affect your
calculations?

4.14 Add another salary, $97,582, to the data presented
in Exercise 4.12. Calculate the mean, median, and
mode again. How does this new salary affect your
caleulations?

4.15 Calculate the range, variance, and standard deviation for
the data in Bxercise 4.11.

4 '!6 Caleulate the range, variance, and standard deviation for
the salaries in Exercise 4.12.

417 How does the range change when you include the out-
- lier salary, $97,582, with the data from Exercise 4.12?

18 Here are the LS. News & World Report data again on
alumni giving at the top 70 national universities.
48 61 45 39 46 37 38 34 33 47
29 38 38 34 29 29 36 48 27 25
15 25 i4 26 33 16 33 32 25 34
26 32 11 15 25 9 25 40 12 20
32 10 24 9 16 21 12 14 18 20
18 25 18 20 23 9 16 17 19 15
14 18 16 17 20 24 25 11 16 13

4
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Norm Peak Win
Daily Daily Record Gust in
Maximum Minimum  Low in °F Miles per
{°F) (°F} {Year) Hour (Year)
{ January 140 | 37 |47 (1934 173 (1985) }
! Pebruary 14.8 —17 | —d46 (1943) ] 166 (1972) :
1 March 213 59 —38 (1950) | 180 (1942)
1 April 29.4 164 | -20(1995)] 231 (1934) :
§ May 416 295 | —~2(1966)| 164 (1945) }
{ June 50.3 38.5 8 (1945) ] 136 (1949)
{ uly 54.1 433 | 24 (2001) ] 154 (1996) !
! August 53.0 2.1 20 (1986) | 142 (1954)
| September |  46.1 34.6 9 (1992)} 174 (1979)
{ October 36.4 240 | —5(1939)| 161 (1943) °
i _November 27.6 13.6 —20 {1958) | 163 (1983)
December 18.5 1.7 —46 (1933) 1 178 (1980)
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a, Calculate the mean of these data, showing that you
know how to use the symbols and formula.

b. Determine the median of these data.

4.19 Describe the variability in the data presented in Exer-
cise 4.18 by computing the range.

4,20 The Mount Washington Observatory (MWO) in New
Hampshire claims to have the wotld’s worst weather.
Below are some data on the weather extremes recorded
at the MWO. Calculate the mean and median normat
daily minimum temperature across the year.

S L e et T EEINCS f eA T S e s TR,

Mormal

4,21 Calculate the mean, median, and mode for the record
low temperatures recorded on top of Mount Washing-
ton presented in Exercise 4.20,

4.22 Calculate the mean, median, and mode for the peak
wind gust data presented in BExercise 4.20.

4.23 When no mode appears in the raw data, we can com-
pute a mode by breaking the data into intervals. How
might you do this for the peak wind gust data presented
in Exercise 4.20?

4.24 Calculate the range, variance, and standard deviation for
normal daily minimum temperatare across the years
presented in Exercise 4.20.

4.25 Calculate the range, variance, and standard deviation for
the record low temperatures recorded on top of Mount
‘Washington presented in Exercise 4,20,

4.26 Calculate the range, variance, and standard deviation for
the peak wind gust data presented in Exercise 4.20.

App!ying the Concepts

4.27 For the data presented in Exercise 4.20, the “normal”
daily maximum and minimun temperatures recorded
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at the Mount Washington Observatory are presented
for each month. These are likely to be measures of cen-
tral tendency for each month over time. Explain why
these “normal” temperatures might be calculated as
means or medians. What would be the reasoning for us-
ing one statistic over the other?

4.28 Back in Exercises 4.13 and 4.14 we'saw how the mean
and median changed when an outlier was included in
the computations. If you were reporting the typical
salary at a company, how might the mean and median
give different impressions to potential applicants?

4.35

4,29 The “normal” weather data from the Mount Washing-
ton Observatory are broken down by months, Why
might you not want to average across all months in a
year? How else could you summarize the year?

4,30 There appears to be an outlier in the data for peak wind
gust recorded on top of Mount Washington (see data
in Exercise 4.20),. Where do you see an outlier and how
would excluding this data point affect the different cal-
culations of central tendency?

4.31 Here are winning percentages for 11 players for their best
four-year pitching performances: 0.755, 0.721, 0.708,
0,773, 0.782, 0.747, 0.477, 0.817, 0.617, 0.650, 0.651.

a. ‘What is the mean of these scores?
b. What is the median of these scores?

Compare the mean and median. Does the differ-
ence between them suggest that the data are skewed
very much? :

4.32 Briefly describe a real-life situation in which the me-
dian is preferable to the mean. Give hypothetical num- 4.36
bers for mean and median in your explanation. Be
originall {Don’t use home prices or another example
from the chapter.)

4.33 Find an advertisement for a weight-loss product either
online or in the print media—the more unbelievable
the claims, the better!

a. What does the ad promise that this produce will do
for the consumer?

b, What data does it offer for its promised benefits?
Does it offer any descriptive statistics or merely tes-
tmomnials? If it offers descriptive statistics, what are
the limitations of what they report?

¢. If you were considering this product, what meas-
ures of central tendency would you most like to see?
Expiain your answer, noting why not all measures
of central tendency would be helpful.

d. Ifafriend with no statistical background were con-
sidering this product, what would you tell him or

her? 4.37
4.34 When you see an ad on TV for a body-shaping prod-
uct {e.g., an abdominal muscle machine), often a

' person with a wonderful success story is featured in

the ad. The statement “individual results may vary”
hints at what kind of data the advertisement may be
presenting.

a. What kind of data is being presented in these ads?

b. What statistics could be presented to help inform
the public about how much “individual results
might vary™?

The MNational Survey of Student Engagement asked

stidents how often they asked questions in class or par-

ticipated in classroom discussions. The options were

“never,” “sometimes,” “often,” and “very often.” Here

are the percentages, reported in 2008, of students who

responded “very often” for the 31 institutions classified
as liberal arts colleges that allowed their 2004 data to
become public through the U.S. News & Warld Report

Web site.

58 45 53 45 65 41 50 46 54
59 52 60 59 62 54 52 53 54
83 60 32 62 50 50 43 32 53
60 52 55 53

a, What Is the range of these data?

b. The top college is Marlboro College in Vermont,
and the two tied for lowest are Randolph-Macon
Women'’s College inVirginia and Texas A&M Uni-
versity in Galveston. What research questions do
these data suggest to you? State at least one research
question generated by these data.

Here again are the data from the National Survey of

Student Engagement for a sample of 19 national uni-

versities, as reported in 2005. These are the percentages

of students who said they were assigned between 5 and

10 29-page papers.

053 3 110 2
23124 21
11435
a. Calculate the mean of these data using the symbols
and formula.

b. Calculate the variance of these data using the sym-
bols and formula, but also using columns to show
al} calculations,

c. Calculate the standard deviation using the symbols
and formula.

d. In your own words, describe what the mean and
standard deviation of these data tell us about these
scores.

For each of the following situations, state whether the

mean would be a statistic or a parameter. Explain your

answer.




According to 1991 Canadian census data, the
mean income (from employment only) of French-
speaking Canadians living in Ontario was §29,527,
higher than the general population mean of $28,838,
In the 2004-2005 National Basketball Association
season, the 30 teams won a mean 41.00 games.

The General Social Survey (GSS) includes a vocab- -

ulary test in which participants are given a series of
words and asked to choose the appropriate synonym
from a multiple-choice list of five words (e.g., beast
with the choices afiid, words, large, animal, and sep-
arae). The mean vocabulary test score was 5,08,

The National Survey of Student Engagement
{NSSE) asked students at participating institutions
how often they discussed ideas or readings with
their professors outside of class, Among the 19 na-
tional universities that made their data public, the
mean percentage of stadents who responded “very
often” was 8%,

4.38 Consider the many possible distributions of grades on
a quiz in a statistics class; imagine that the grades could
range from 0 to 100. For each of the following situa-
tions, give a hypothetical mean and median (that is,
make up 4 mean and a median that might occur with
a distribution that has this shape). Explain your answer.

a.
b.

C.

Normal distribution
Positively skewed distribution
Negatively skewed distribution

4,39 For each of the following distributions, state whether
it’s more likely to be unimodal or bimodal, Explain your
answer.

a.

b,

Age of patients in a hospital maternity ward
Depression scores on a Beck Depression Inventory

GRE scores of applicants to sociology graduate
programs

The cost of an AIDS drug that is sold in developed
countries in Europe, as well as in developing coun-
tries in Africa

4.40 Here are the numbers of wins for the 30 National Bas-

kethall Association teams in the 2004-2005 season.

3.

45 43 42 33 33 54 47 44 42 30
59 45 36 18 13 52 49 44 27 26
62 50 37 34 34 59 58 51 45 18

Determine the mean, median, and mode of these
data. Use symbols and the formula when showing
your calculation of the mean.

Using software, calculate the range and standard de-
viation of these data.

Write a one- to two-paragraph summary describ-
ing the distribution of these data. Mention center,
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variability, and shape. Be sure to discuss the num-
ber of' modes (i.e., unimodal, bimodal, multimodal),
any possible outliers, and the presence and direc-
tion of any skew.

4.41 The U.S. Census Bureau collects, and analyzes data on
numerous aspects of American life by seate, including
the percentage of people with high school degrees,
bachelor’s degrees, and advanced degrees. If you wanted
to calculate the “average” percentage of people with ad-
vanced degrees across all states, would you report a
riean, median, or mode? Explain your answer clearly.

4.42 According to a 2007 article on the Economist.com Web
site, Americans are the international leaders TV view-
ing, averaging 8 hours and 11 minutes 2 day. Below are
approximate, daily average viewing times for 12 coun-
tries based on this source:

Untited States—8.2 hours
Turkey—5 hours
Italy—4.05 hours
Japan—3.75 hours
Spain—3.6 hours
Portugal—3.5 hours
Austratia—3.2 hours
South Korea—3.16 hours
Canada—3.1 hours
Britain—3 hours
Denmark-—3 hours
Findland—2.8 hours
a. Compute the mean and median across these 12 data
points,

b, How are these statistics affected by including or ex-
cluding the United States?

4.43 Refer to the data fiom Exercise 4.42,

2. How do you think these daily “averages” were cal-
culated—using means or medians?

b. Do you think TV viewing habits might vary by
other personal or demographic characteristics?
Could these represent confounds?

¢. How might you collect samples to more specifically
describe TV viewing habits as 2 function of other
personal characteristics?

444 When the typical height or typical weight of children
is plotted to create growth charts, do you think it would
be appropriate to use the mean for these data? There
are often outliers for height, bue why might we not have
to be concerned with their effect on these data?

4.45 Guinness World Records relies on what kind of data for
its amazing claims?
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mean (p. 73)
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median {p. 76}
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