NUMERICAL SUMMARIES OF DATA:

How do you measure the center of the data?

Average
s Median

How do you measure the overall size of a list of
numbers?

How do you measure the spread in the data?



Chapter 4: The Average and the SD

* LOOK ,FRED! THIS SLEMS To BE
 THE SAME THING, SUMMARIZED. *




Summanzmg Data

There are a number of aspects of a Ilst of numbers
we may want to summarize, including:

The mlddle or center of the data and

The amount of spread ln the data




| Thé Average

| ‘The Averag'e‘ is a measure of the centér or middle of the data.

Average =

) Sum of Data Values

Number of Data Values

Examplé: Find the ave_rage age of the first 5_"Presidents

President - Age

Washington . 67 -
Adams = 90
Jefferson 83
Madison 85

“'Monroe - 73

67 +90+83+85+73

Average age = - 5

= 79.6 years




| The Average
The average is the most commonly used summary statistic for
analyzing experlme_ntal and observatlonal data.

"Example: The National Health and Nufrition Examination
Survey (NHANES) is a representative survey of Americans

| carried out by the Publ:c Health Serwce

| | NHANES | was conducted between 1971 and 1975 and involved
_.apprOX|mately 28,000 people |

NHANES Il was conducted between 1976 and 1980 and
involved appro_xrmately 28,000 people. |




The Hispanic Health and Nutrition Examination Survey
- (HHANES) was conducted between 1982 and 1984 and
involved about 16,000 people.

NH_ANES[II_I was conducted between 1988 and 1994 and
involved about 40,000 people.

NHANES included data on:

. Demograph'ic' va_riable's, like age, education, and income

. 'Physiolog"ic Variables, like height, weight, blood pressure, and
serum cholesterol levels

- Dietary habits
- Levels of I_e‘ad'and pesticides in blood

| +Prevalence of various diseases.




| Age.;s_pécifi'c Heights and Weights for Men
| and Women Aged 18—74 in NHANES
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For the'-1_9_76-80 data, do men and women decrease in height
by more than 2 inches as they go from about 20 to 70 years
of age?!? | .




Cross-sectional and Longitudinal Studies
" NHANES is a crosSFSeCtional study bec':aus.e it consists of a
cross-section of the U.S. population at some time point.

A.Io_ngitudinal or cohort study is one in which we follow a
group of people over time. For example,

- The Ftafningham_Hea_rt Study in Framingham, Massachusetts.
- The Cache County Study of Memo_ry and Aging.

If you want to draw conclusions about what happens
over time, you must have a longitudinal study!




The average is the balance point of the histogram.
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The average is the balance point of the histogram.
Figure 4. Histogram for the weights of the 2,696 women in the HANESS

sample. The average is marked by a Vemcal hne Only 41% of the women
were above average in weight. :
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The Median

HaIf the data values in a IISt are Iess than the median and half

B the data values are greater than the medlan

HaIf the area of a hlstogram is to the left of the median, and half
the area is to the nght

For hlstograms that are not Symmetrie statisticians sometimes
prefer to use the median to measure the center of the data
instead of the average

" Long right hand taia! o Qymmetvic : Long left hand tail
Averagie ‘;s' bigger B A#zragg is about the Average is smaller
than median - . same s median than median
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~The Medlan

For a list of data values

if the number of values is ODD, the median is the middle
number when they are arranged from smallest to largest
if the number of values is EVEN, the median is the or the
“average of the two middle numbers |

__ Example Medlan age of Pre5|dents

President Agé Age of first 3.PreS|dents
Washington 67 +67,83,90
Adams 90 median is ?
Jefferson - 83 Age of first 4 Presidents:
Mad.lson ’ 85_ . . 67,83, 85,90 '
Monroe 73 L |

: : — medianis ?

/L/chmj Cﬂﬁf/f SI?

| é-rz mmé
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The Standard Deviation (SD)

The standard deviation measures the spread of the
data, or the amount of variability in the data values.

“|For example, the list
50,52, 49, 50, 51, 48

* |has a much smaller SD than the list
50, 65, 48, 37, 59, 41
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The Standard Deviation (SD)

: The-stahdérd_deviation is the r.m.s. of the deviations of
|the data values from the average.

~ What is the r.m.s.?
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| _The ROOt-'M.eah-?Squa"e (r.m.s.)

The r.m.s. is a measure of.' the average magnitude of a list of
| numbers that can take on both positive and negative values.

To calculate ther. m s we
SQUARE aII the entries in the list, gettlng rid of the negatlve signs.
Take the MEAN (average) of the squared values |
. Take_ the square _ROOT of the-ave_rage of the s_quared values.
| An example: List.= 6,7, -9, -7 .8,' 5. Average = 0.
The r.m.s. of this list is calculated as follows:
. 6= 36, 7° = 49, (-9)* = 81, (-7)° = 49, 8” =64, (-5/° = 25
- (36 + 49 + 81 +49 +.64 + 25) +6= 50.67_;

.J5067=7.12=rm.s.
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The Standard Deviation (SD)
The standard deviation is the r.m.s. of the deviations of the
da_ta_ values from the average. S |

Example: List of numbers = 8, 3,1,1,4,86, 5

" | Datavalue | Deviation |Squared deviation
| 8 | 8-4=4 42=16
3 3-4=-1 |  (-12=1 "
1 1-4=-3 (-3 =9
1 1-4=23 (-37=9
4 4-4=0 0°=0
6 6-4=2 22=4
5 | 5-4=1 12=1
ave=4 ave=0 | ave=40/7=571

SD = 45.71 = 2.39




Calculating the SD

Example 2: Ages at death of the first 5 U.S. presidents:

President Age :

Deviation

Squared Deviation
Washington 67 67 —79.6=-12.6 (-12.6)2 = 158.76
Adams 90 90-79.6= 10.4 10.4% = 108.16
Jefferson’ 83 83-79.6= 34 342= 1156
Madison 85 85-79.6= 5.4 54%= 29.16
Montoe 73 73-796= -66 = (-6.6)= 4356
| Average -79.6 0.0 70.24

5D =+70.24 =838
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Standard Units

Which is better: A score of 650 on the SAT or a score of 28 on the ACT?
SAT scores have a mean of 500 and a standard deviation of 100.

ACT scores have a mean of 21 and a standard deviation of 3.



The average is the balance point of the histogram.
Figure 4. Histogram for the weights of the 2,696 women in the HANES3

sample. = The average. is marked by a vertical Ime Only 41% of the women
were above average in wei ght
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| _Interpretihg_ the Standard Deviation

| | The standard de_viation is a measure of the spread of the data.

- For many ‘*bell—shaped"- hiStograms

Apprommately 68% of the data values lie wsthm 1 standard
dewatlon of the average .

. Appro_ximately 95% of'the data.va!'ues lie within 2 standard
deviations of the average. -
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Example: The hzstogram of heights of 6,588 women aged 18-

74 in NHANE II -
| " S | Average 63.9"
;s O R . SD 2.5"
5
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' HEiGHT (INCHES) ' : :

Average—1SD =61" |  67% of the women were between
Average + 1 SD = 66” , 61" and 66" tall (shaded)

| Average — 2 SDs = 58.5" } 94% of the women were between
Average + 2 SDs = 68.5” 58.5" and 68.5" tall |




Example1.

_Heights of 200 men have an average of 69.5” and an SD of 3”.

_Apprdximately_wh_at-p‘ercen_tag_e of the men are between 66.5”
and 72.5" tall? How many men is this?

I

| Approximately what perceh’tage_ of the men are between 63.5
and 75.5" tall? How many men is this?
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Facts_-a-boutl averages, m'edians and SDs

-Units for the average, median and SD are the same as for the
data values..

-Adding the same number to each data value adds that same

| number to the average and the median, but THE SD DOES
. _NOT CHANGE! o

| .Multiplying each data value by a positive number multip'lies the
average, the median, and _the SD_by that _n_ur'nber.
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“Should we scare the opposition by announcing our mean height or lull

them by announcing our median height?”




