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Statistics Exam One Notes

Statistics is a collection of methods for planning experimenddtaining data, and then
organizing, summarizing, presenting, analyzingenpteting and drawing conclusions based on
the data. Itis the science of data.

Statistical thinking involves applying rational thought and the scieatstatistics to critically
assess data and inferences.

In this course we will divide our study of statistinto two categories:
Descriptive statistics,is where we will organize and summarize the datd,...

Inferential statistics is where we use data to make predictions andidesisibout a population
based on information from a sample.

Statistics

Inferential
Statistics

Descriptive
Statistics

Descriptive statisticsutilizes numerical and graphical methods to lookdatterns in a
data set, to summarize the information revealedhinata set and to present that
information in a convenient form.

Inferential statistics utilizes sample data to make estimates, decisipresjictions or
other generalizations about a larger set of data.

Above, we mentioned the word population. Let'smetwo important terms used in this course:
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Thepopulation is the set o&ll measurements of interest to the investigator.iCBjly, there are
too many experimental units in a population to aderseveryone. However, if we can examine
every single one, we conduct what is calleztasus

A sampleis a subset of measurements selected from thdaiapuof interest.

Example 1: In a study of household incomes in alsiman of 1000 households, one might
conceivably obtain the income of every householoweler, it is probably very expensive and
time consuming to do this. Therefore, a betteraggh would be to obtain the data from a
portion of the households (let’s say 125 houselholdghis scenario, the 1000 households are
referred to as the population and the 125 housslalelreferred to as a sample.

A parameter is a numerical measurement describing some chaisticteof a populationand
computed from all of the population measuremefiisr example, a population average (mean),
the average obtained from every item in the popnats a parameter.

A statistic is a numerical measurement describing some chaistiteof asampledrawn from
the population.

The example below will illustrate these ideas. Qvay to remember where parameters and
statistics come from is to notice that the lettes he first letter of Population and Parametet an
S is the first letter of Sample and Statistic.

Example 2: In the household incomes example froavabthe average (mean) income of all
1000 households is a parameter, whereas the av@nag®) income of the 125 households is a
statistic.

Example 3parameter vs. statistic) - Determine whether ikiergvalue is a statistic or a
parameter.
A sample of students is selected from FIU and thegrage age in years is 22.7. (Statistic)

In a study of all current major league basebayeis, it was found that 78% batted exclusively
right-handed. (Parameter)

Example 4 Fill in the blank with the proper ternogplation vs. sample).

The is the setalft measurements of interest to the investigagwpglation)
A is a subset of measurements selectedtirempopulation of interestSample

Here are some more terms often used in this class:

A variable is a characteristic that changes or varies ovwee tor varies across different
individual subjects.
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An experimental unit is the individual or object on which a variablensasured, or about
which we collect data.

Person

Place

Thing

Event

A measure of reliability is a statement about the degree of uncertaingyspétistical inference.

For example, the plus and minus 5% in the belotestant indicates the real number of people
who prefer Pepsi might be as low as 51% or as asybil%.

Problems in statistics vary widely, but there israad outline that most of them fit into. That
outline is listed below:

Five Elements of a Statistical Problem:

Specify the question to be answered and the papnolef interest
Design the experiment or sampling procedure tosael u
Analyze the sample data

Make an inference

Measure the goodness (reliability) of the inference

arwnE

Since Statistics is the science of data, we shatiénpt to classify the kinds of data we will face
in the world around us. Very broadly we can sa&ydrare numerical data and non-numerical
data. Either the measurement you are taking sesuli number or it doesn’t (For example, | can
put you on a scale and weigh you, or perhaps, Idcask where you were born. One is a
number, and one is a characteristic that is natmalrer). Let’s call the numerical data
Quantitative (think quantity, it will help you remember thesata are numbers), and let’s call
the other typ&ualitative data because it captures qualities or charactsristat aren’t

normally numerical in nature.

Quantitative Data are measurements that are recorded on a natucailyring
numerical scale.

Age

GPA

Salary

Cost of books this semester
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Qualitative Data are measurements that cannot be recorded on ahatunerical scale,
but are recorded in categories.

Year in school

Live on/off campus

Major

Gender

Now that we have split data into two broad catezgg(humerical and other) let’s further split the
Quantitative (numerical) category into two groups:

Continuous numerical dataresult from infinitely many possible values thatrespond to some
continuous scale that covers a range of valuesowitgaps, interruptions, or jumps.

Example: The finishing times of a marathon

Discrete numerical dataresult when the number of possible values is e#farite number or a
countable number.
(That is, the number of possible values is 0 or 2 and so on.)

Example: The numbers of fatal automobile accidedsmonth in the 10 largest US cities

Since Statistics is a branch of mathematics, it mat surprise you that we think of the results of
our measurements as variables (since the measuewsay from subject to subject or over time
in a given subject). This leads to the followirgresponding definitions regarding the types of
variables we will deal with in this class:

Quantitative variables are numerical observations.

We divide the above variable type into two sepatygies again:

Continuous Variables can assume all of the infinitely many values cgponding to a line
interval.
Example: Y = The amount of milk that a cow prodsjeeg. 2.343115 gallons per day

Discrete Variablescan assume only a countable number of val(ies. the number of possible
valuesis0,1,2,3,...)
Example: X = The number of eggs that a hen lays

Then we have the non-numerical variables:

Qualitative variables are non-numerical or categorical observations.

Example Hdiscrete/continuous) - Determine whether the givane is from a discrete or
continuous data set.
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1. A research poll of 1015 people shows that 752 @i have internet access at work. (answer:
Discrete—it is not possible to have a fraction gieason having internet access)

2. Josh Becket's fastball was clocked at 98 mpinduhe World Series. (answer: Continuous--
You can have any fraction of a mile per hour assiheed)

3. A student spent $86.53 on her calculator fasxléanswer: Discrete—You can not pay any
decimal amount for the calculator. For exampleceve’t pay $86.532. Since this is not
possible it is discrete.)

There are just two short definitions to learn imsthection. When we try to learn something
about a particular group, we need to draw a sathpleis similar to the overall population. This
idea is conveyed in the next definition.

A representative sampleexhibits characteristics typical of the target glagon.

In order to ensure that we get a good sample theggresentative, we often employ a random
sampling approach.

A random sampleis selected in such a way that every differentarnof size n has an equal
chance of selection.

For example, if everyone at FIU has a Panther 1B,may draw a random selection of 36 ID
numbers from the Panther soft system. This seleadf 36 panther id’s would constitute a
random sample from the larger FIU population.

Describing Qualitative Data

In this section, we will work on organizing dataara special table called a frequency table. We
will classify the data into categories first thee will create a table consisting of two columns.
The first column will have the label for the catage. We will call those categories the
‘classes’. The second column will tell the vievmerw many data values belong in each category.
We will call those counts the ‘frequencies’.

A classis one of the categories into which data can assdied.
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Class ~ Category

Class frequencyis the number of observations belonging to thescla

Suppose for a second | came home from work andtsaity friend, “Wow, today 20 people in

my class had green eyes!” My friend might respdiodit of how many people?” It is only

interesting if there were say 22 students in tlenro Then 20 out of 22 is impressive, but if
there were 200 students... This leads us to the mommonly used concept of relative
frequency. Think: The number of people with soraé telative to whole group.

Frequency

n
Where n = total number of data values

Relative Frequency =

The above number will always be a decimal betweand1 inclusive, but if we prefer a
percentage then we can convert relative frequem@gtcent by multiplying by 100.

Class percentage = (Class relative frequency) X 100

Let's practice with some real data:
Example 6 Organize the data below into a frequéealhe:

Subject | Type of Aphasia | Subject | Type of Aphasia
1 Broca’s 12 Broca’s

2 Anomic 13 Anomic

3 Anomic 14 Broca’s

4 Conduction 15 Anomic

5 Broca’s 16 Anomic

6 Conduction 17 Anomic

7 Conduction 18 Conduction
8 Anomic 19 Broca’'s

9 Conduction 20 Anomic

10 Anomic 21 Conduction
11 Conduction 22 Anomic
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We will use the type of Aphasia each subjectasasur classes. Then just count the

number of subjects that have each kind of Aphasia.

Type of Aphasia | Frequency
Anomic 10

Broca's 5
Conduction 7

Total 22

Example 7 Convert the frequency table above inaive frequency table.

Type of Aphasia | Relative Class Percentage
Frequency

Anomic 10/22 = .455 45.5%

Broca’'s 5/22 = 227 | 22.7%

Conduction 7/22 = .318| 31.8%

Total 22/22 =1.000 100%

*Notice something about this relative frequencyleéalbhe relative frequencies must add up to

1.00.

Finally, a lot of the ways to organize data in thestion of the text are familiar to us all (e.ge-P

charts, bar graphs,...), but one graph might be oeyou.

A Pareto Diagram is a bar graph that arranges the categories lghhéiom tallest (left) to

smallest (right).

Here is a side by side comparison between a bahgrad a Pareto diagram:

Bar

10

o N M O ©

OAnomic EBrocas [Conduction

Pareto

O Anomic B Conduction OBroca's
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Graphical Methods for Describing Quantitative Data

In this section, we are dealing with numerical datawe will learn three kinds of graphs:

Dot plots
Stem-and-leaf diagrams
Histograms

Dot plots display a dot for each observation along a hotedamumber line
--Duplicate values are piled on top of each other
--The dots reflect the shape of the distribution

Here is an example where we plotted MPG ratingsaftios on a number line.

represents a car’'s MPG rating from the study:

Dotplot of MPG

- -
T T T T T T T
30.0 32.5 35.0 B35 40.0 42,5 45.0

| love this kind of graph. Itis so simple and gethelpful.

The next kind of graph is called a Stem and Legpldiy.

Each dot is

A Stem-and-Leaf Displayshows the number of observations that share a convalue

(the stem) and the precise value of each observétie leaf)

3

2489
126678
3

2

O Lo [N =
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The numbers can be seen clearly in this displagn ¥u tell what the original numbers were
assuming they were 2 digit whole numbers? Answ@y:22, 24, 28, 29, 31, 32, 36, 36, 37, 38,
43, 47, 52. If you turned this graph onto its sideould form a shape like the dot plot! The
advantage is that you can see the original nunfbarsthe data in the graph.

Below is another example, which list the numbewihs by teams at the MLB 2007 All-

Star Break:
stem unit = 10 leaf unit =1
Frequency Stem Leaf
9 3 466888899
17 4 00223444457789999
4 5 2233
n=30

The final kind of graph and perhaps the most ingrdrof the three we have discussed is the
histogram.

Histograms are graphs of the frequency or relative frequesfcy variable.
Class intervals make up the horizontal axis (xJaxis
The frequencies or relative frequencies are digaayn the vertical axis.(y-axis)

—

Histograms are like bar charts for numerical dat#, they never have gaps between the bars
(unless the frequency for the class is zero).

Here is an example where there are categoriesnwitfiequency (that is why some of the bars
have spaces between them):
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Histogram
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We are going to focus our time on learning to @dhe histogram by hand, but understand that
these graphs are often better left to computewso#t programs that can rapidly create them to
perfection. Ok, before we begin creating a histogrket’'s recap the idea of a frequency table
and add some more detail to our understanding.

**Recall:
A relative frequency distribution (or frequency table lists data values (usually in groups),
along with their corresponding relative frequencies

“Relative” here refers to ousample size (n). Also, “Frequencies” is just another way to say
counts.

Frequency
n

Relative Frequency =

In arelative frequency distributioeach data value belongs to an interval of numbalsdcca
class Each class has a lower and upper class limitkbizne the interval.

Lower class limitsare the smallest numbers that can belong to tlerelift classes.

Table 2-2

Frequency Distribution:
Ages of Best Actresses

Age of
Actress Frequency
//'f @ 30 28
s 40 30
Lower Class  —— — 3 50 12
Limits e I
@ 2

1 (71)80 2
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Upper class limitsare the largest numbers that can belong to therdift classes.

Example - In the BCC employee example below, theetcclass limits are 1, 6, 11, 16, 21, and
26, and the upper class limits are 5, 10, 15, 30afd 30.

Number of years emploved at BCC | Frequency (number of employees)
1 -5 7
6-10 20
11 -15 25
16 -20 10
21 -25 5
26 - 30 3

Class boundariesare the numbers used to separate classes, butiitieogaps created by class

limits. They are obtained as follows: Find the ssf¢he gap between the upper class limit of one
class and the lower class limit of the next claskl half of that amount to each upper class limit
to find the upper class boundaries; subtract Hatat amount from each lower class limit to

find the lower class boundaries.

Example 8- Find the class boundaries for the BC@leyee example.

Number of years employed at BCC | Class boundaries Frequency (number of employees)
1-5 7
6-10 20
11-15 25
16 -20 10
21-25 3
26 -30 3

Class midpointsare the midpoints of the classes. Each class mtipan be found by adding
the lower class limit to the upper class limit adding the sum by 2.

Example 9 - Find the class midpoints for the BC(lkayee example.

Number of years employed at BCC | Class boundaries Frequency (number of employees) | Class midpoints
1-5 0.5-5.5 7
6-10 5.5-10.5 20
11-15 10.5 -15.5 25
16 -20 15.5 -20.5 10
21 -25 20.5-255 5
26 -30 25.5 -30.5 3

Theclass widthis the difference between two consecutive lowesslamits or two consecutive
lower class boundaries.

Example 10 - Find the class width for the BCC emipexample.
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6—1=5 oryou could use 26 — 21 = 5 as Iagau take the difference between two
consecutive lower class limits you get the widthtfos table which is 5.

We should learn how to create these frequencysatleen the data is numerical. Here are some
guidelines.

Guidelines for creating a relative frequency table:
1. Determine the number of classes to ug® — 20 classes is good)l'he recommendation
of 5 — 20 classes is broad here is a little motaide

<25 observations: 5-6 classes
25-50 observations 7-14 classes
>50 observations 15-20 classes

2. Calculate the Range = Highest value — Lowest value

, . Ran
3. Determine the class widths< ange
numberofclasse

4. Select the lower limit of the first class. Thosver limit should be either the lowest data
value or a convenient number that is a little mafler. This value is referred to as the
starting point.

5. Use the class width to obtain the other lowasgllimits. For example, add the class
width to the starting point to get the second loalass limit.

6. List the lower class limits in a vertical columndathien enter the upper class limits.

7. In asecond vertical column, enter the fregieenthat correspond to the classes.

8. Divide the values in the frequency column liiy total number of data values.

). Round up if necessary

Example 11 - A medical research team studied tlks afjpatients who had strokes caused by
stress. The ages of 34 patients who suffered stesiees are below. Construct a frequency
distribution for these ages. Use 8 classes beginnith a lower class limit of 25.

27 28 29 30 32 32 36 36 36 36 38 38 40 40 40 446446 46 47 50 50 50 55 56 57 58 58 60 61
61 61 62

A relative frequency histogramis a bar graph in which the heights of the bapsagent the
proportion of occurrence for particular classebedlassesor categories/subintervals are plotted
along the horizontal (x) axis, and the verticalsds based on the relative frequencies.

Example 12: Construct a relative frequency histogfar the 34 ages of patients who suffered
stress strokes using the table below:
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Age Relative frequency
- 3 o .
25-29 vl 8.82%

30-34 | 55 = 8.82%

- S~ 1765%
35-39 2~ 17.65%

40-44 | 35 = 11.76%

= 14.71%

/ 2
45-40 | =
50-54 | 2 = 8.82%

~ 14.71%

2
34

5 o~ 14710z
60 - 64 33~ 1471%

The class boundaries are 24.5, 29.5, 34.5, 38.5, 49.5, 54.5, 59.5, and 64.5.

154

Percent
(=
[==)
1

[=]

24.5 29.5 34.5 39.5 44,5 49,5 54,5 59.5 £4.5
Age

*Note: if the class widths are not all the same wileuse % / (x axis variable) for the y axis.

Histograms are often constructed to help analyz& ddne shape of the histogram can be used to
determine whether the data have a distribution tisatapproximately normal. Normal
distributions correspond to histograms that areghbu bell-shaped (see figure below).
Histograms can also be used to approximate theccehthe data.

/N
& \\\_

Example 13: Based on the histogram above from elat$) do the data appear to have a
distribution that is approximately normal?

No, not based on the above drawing.
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Example 14: Based on the histogram shown belovihel@ata appear to have a distribution that is

400

o
T T T T
5 Eo & 0 =
Sample Value

approximately normal
Yes, this is very close to a bell shaped distiiytso perhaps the data is normally
distributed.

Example 15: Based on the histogram shown belownat# the center of the data.

Ehiy

25

kg
T

Fre quency

T T
05 0.5 405 S0 &05 .5 Bas
Ages of Besk Actresses

This is subjective, but | might say it is 39 ory88 old. Think of the histogram as being madeayf clay,
then the mean is the place you would need to plagefinger so that half the mass is on the let tie other half
of the mass is on the right.

Summation notation

Some people say math is a foreign language; viedl section definitely has parallels to learning
the alphabet of a foreign language. In fact, sathe letters are indeed Greek. Below we
break down a commonly used system of shorthand fnathematics:

Individual observations in a data set are denoted
X1, X2, X3, X4, ... Xn.

We use a Greek letter, capital Sigma, to denotensation. We use this symbol often, so it
deserves special mention:

n
X=X+ X+ X+ +X
i=1
The above notation tells us to add all the valdesdable x from the first (¥ to the last (¥) .
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Example, if If x =1, % =2, % =3 and x =4,
Xi=1+2+3+4=1C

i=1

Sometimes we will have to square the values beferadd them:

n

=g e

i=1

Other times we will add them and then square tin& su
2
n

2
X =(x %+ X+t x)

i=1

Example 16: Using {2, 4, -3, 7, 1} find the follomg:
5
xi
i=1
5 2
xi
i=1
5

X2

i
i=1

Numerical Measures of Central Tendency

There are two ideas that come up when trying toducaghe information obtained in a sample of
data. Those ideas are: what is the typical dakaeviike from this population or sample, and
how similar or clustered are the data values (amb®rs of the population or sample)?

When summarizing data sets numerically two idese ar
Are there certain values that seem more typicallferdata?
How typical are they?

Central _tendency is the tendency of the data to cluster, or cerdbnut certain numerical
values.

Variability is the same as the spread or clustering of thee dédriability shows how strongly
the data cluster around that (those) value(s)

Below are listed three common measuresaritral tendency:
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The Mean is found by summing up all the measurements aad thviding by the number of
measurements.

The mean of sampleis typically denoted by x-bar, but tip@pulation means denoted
by the Greek symbol (pronounced mew)
m=population mea, X =sample mea

Example 17: Find the sample mean for the numbér2 21, 3, 24, 120,36, 1,1, 1

n

X.
S o _21+2+1+3+24+120+36+1+1+1
n 10

21

TheMedian is the middle number when the measurements aaaged in numerical order. Itis
also called the 8Dpercentile since 50% of the data is below the arednd 50% is above.

50% 4| 50%
| |

Notice the median only looks at one or two numberthe center of the data set. Doesn’t that
seem like a waste of information? It does to mu,dm the other hand the median as a result of
it ignoring all the other values isn’t unduly affed by really big or small numbers in the data
set. For example, what would happen if you avetagelist of 46 numbers representing
American’s personal wealth and Bill Gates was péthe list? The average obtained would be
artificially high, and would not truly capture thgical American’s personal wealth profile.

Guidelines for calculating the sample Median:
Arrange the sample data from smallest to largest.
If nis odd, M is the middle number
If nis even, M is the mean of the two middle nunsbe

Notation for the median: Sample median is denoted Ifx-tilda).
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TheMode is the data value that occurs most frequently.

Example 18: Find the mean, median, and mode fofalleewving data set: 75, 75, 70, 80, 97, 53,
60, and 90.

So what is the best measure of the center? Waildbpends on the data set you are dealing
with. In general, the sample mean is preferrecabge it varies less as an estimate of the true
center, and it uses input from every data valueowéVer, when extreme values (very big
compared to the rest of the data or very smallntledian is generally preferred. Yet, if the data
is qualitative how can you use either mean or m&ti&emember, these measures are supposed
to help us state what the typical member of theupadjon is like. Like what is the typical eye
color? The answer is probably brown—that is thedah@ye color in the USA, correct? You
can't add and divide eye colors to find an average,could you put them in order to find the
middle one.

A distribution is Skewedwhen one side of the distribution has more extremlaes than the
other. If the population mean is greater thaness lthan the population median the distribution
is skewed.

Left skewed data set: Mean is to the left of thalizue

TN\

o] L

Median

(@) Skewed to the Left
(Negatively)

Perfectly symmetric data set:
Mean = Median = Mode

/\

]
Mode = Mean = Median
(b) Symmetric
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Right skewed data set: Mean is on the right ointleelian

Example 19: Say the population mean for a groug7ignd the population median is 45, is the
population most likely left-skewed, right-skewed sgmmetric?

Left-skewed, the mean < median.

Example 20: Say the population mean for a groug7ignd the population median is 37, is the
population most likely left-skewed, right-skewed sgmmetric?

Symmetric, the mean = median.

Example 21: Say the population mean for a grouf® and the population median is 95 is the
population most likely left-skewed, right-skewed sgmmetric?
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Right-skewed, the median < mean.

Measures of Variability

Remember, in the last section we spoke about tee ofl central tendency (literally, the tendency
for data to cluster around some central point)inKof this tendency like a magnetic force and
data points on the number line as little ballsrohi A strong magnet would draw all of the
points to it leaving no points far away from thetse of its magnetic pull. A very weak magnet
may not be able to create as much clustering ircéimeer, leaving lots of little points spread out
around it at varying distances.

We want to be able to measure the strength of @et@ndency in a population. That way we
know how clustered together the data values ahes i very important because if the values are
all clustered tightly around some central pointkmew a great deal about the population just by
knowing its center. Then we can safely stereotyEause nearly all of the population will
exhibit traits similar to the center. Predictioecbmes easy when this is the case. We will call
this measurement of the strength of the centraleray—the measure of variability.

Variability is the same as the spread or clustering of thee dédriability shows how strongly
the data cluster around that (those) value(s).

You know what the word ‘vary’ means. If a popubats data values do not vary much, then the
population has strong central tendency. The gistipen more homogenous. Think of a 4 inch
dry wall screw, the little black screws you cardfit Home Depot. How many of those do you
need to see to know what a 4-inch, dry-wall screeks$ like? Just one, since they are all so
similar (i.e.-they do not vary much). You know oy know them all. When variation is high
in a group, it is difficult to capture the essemfesomething with just one example from the
population. Think of humans, are all 20 years @lilse? If you know one do you know them
all? 1 would say no.

The question is how do you measure this variatibl®&Pe are some ideas:

TheRangeis the largest measurement minus the smallesturezaent.

Range= Max Mir
(Benefits: easy to calculate, and easy to interpl@wnsides: it is insensitive when the data set is
large.)
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The sampleVariance for a sample of n measurements is equal to the suthe squared
distances from the mean divided by n — 1.

(x - X)?
SZ - i=1
n-1
2
WL G .
or the formula can be writtes” = . This formula is the

n(n- 1)
one | recommend.

Example 22: Calculate the sample variance fofahewing numbers: 2, 7, 3, 9, and 12.

The samplé&tandard Deviationis the square root of the sample variance.

S:\/?:\/n - (X

n(n-1)

Example 23: Calculate the sample standard devi#biotne following numbers: 2,9, 5, 7, 4, and
2.

As before, Greek letters are used for populatiorsRoman letters for samples
The symbols:
Population Variance?, sample variance®
Population Standard Deviatian, sample standard deviatian

Notice something very important: the unit of measoent (i.e.-ft., inches, miles, yrs, dollars,...)
for standard deviation will be the same units thgimal data was measured in and the same as
the mean. Variance does not have the same utstsinit will be the square of the units for the
original data.

It is possible for us to estimate the standardaten for a sample by using something called the
Range Rule of Thumb We will see that at the end of the next sectiun,first let’s find a way
to interpret the standard deviation.

In this section, we will learn something aboutere the data will lie relative to the mearn
other words, we will learn how to determine how mdata will be within certain distances from
the mean.

Chebyshev’s Rule:For any number greater than 1, the proportion @sarements that will fall

within k standard deviations of the mean is attI&askl—z.
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The k in the above formula is the number of stamdieviations away from the mean. If we
have a symmetric interval of the fonfvn— ks, m Kk ﬂ we know at least 1¢ k_12)100% of the

data will lie inside the interval.

Chebyshev’s Rule
Valid for any data set

For any numbek >1, at least 1- k_12)100% of the observations will lie withik
standard deviations of the mean

k| K |1/ | (-1 K"
214 .25 75%
319 A1 89%

41 16| .0625| 93.75%

Example 24: The average length of time for a mdmématerfly chrysalis to open is 10 days. If
the standard deviation is 1.5 days, what is themum percentage of monarchs that will hatch
within a time frame of 5.5 days and 14.5 days?

Chebyshev’s rule is great, because it does notassunything about the distribution of the data.
This is good because we often do not know theidigion of the data. However, if we can
assume the distribution of the data is bell shapedhave a more precise rule to turn to.

The Empirical Rule
Useful for mound-shaped, symmetrical distributions
~68% will be within the range(X- s 9
~95% will be within the range(X - 2s, % 29
~99.7% will be within the range (X - 3s, %+ 39

Another way to write the same rule is as followstice how we express the intervals above in
words below):

Empirical Rule:

68% of the measurements will fall withinsl of the mean
95% of the measurements will fall withirs2s of the mean
99.7% of the measurements will fall withis 3s of the mean

Finally, the pictures below will clear up any cosifon you have about the empirical rule. The
first drawing is of the an interval of one standdeviation away from the mean.
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The drawing below now considers two standard deviataway from the mean:

Finally, this drawing shows three standard devietiabout the mean.
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Example 25: The average length of time for a mdmématerfly chrysalis to open is 10 days. If
the standard deviation is 1.5 days and if it tuwasthere is reason to believe that the distrilsutio
of monarch hatch times is normally distributed (@l shaped), what is the approximate
percentage that will hatch between 5.5 and 14.5%day

Example 26: Hummingbirds beat their wings in fliglt average of 55 times per second.
Assume the standard deviation is 10, and thatigtglmition is symmetrical and mounded.
Approximately what percentage of hummingbirds hibair wings between 45
and 65 times per second?
Between 55 and 657
Less than 45?

Range Rule of Thumb
Now that we have these two rules to help us ingtribre standard deviation, we can derive a rule
of thumb for approximating the standard deviatiofio estimate the value of the standard

deviations, create the interval:%,—:{ where R is the range = (maximum value) — (minimum

value). The value for s should be between thesenwnbers. If you have a lot of numbers in

R L
your sample, use a value nearer—éo If you want to know why standard deviation can b
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approximated byg or;, we should look at the drawing above of the betie. Since almost

all of the values are betweéet+ 3sand X +3s, it makes sense to think that the smallest valee w
are likely to encounter in a sample of datis3sand the largest would bg+3s. Then the
range for that sample would be R = (maximum valué@ninimum value) (X +3s)- (* 39=

(X+3s- X+ 39= 6< Now if R = 6s, we can solve for s to ge»%. For small samples we

. - = R
are not likely to get data values as small or egelasX - 3sandX +3s, so we can use4— as an

approximation for s.

Since ~95% of all the measurements will be withigt@hdard deviations of the mean,
only ~5% will be more than 2 standard deviatiomsrfthe mean.

About half of this 5% will be fabelow the mean, leaving only about 2.5% of the
measurements at least 2 standard deviadbosethe mean.

This section introduces measures that can be wsedntpare values from different data
sets, or to compare values within the same data Be¢ most important of these is the
concept of thez score. A z- score (or standardized value) is the number ofdstal
deviations that a given valuds above or below the mean.

All data values can be expressed as a z-scorg,juist another scale available to us. Just like
weight can be expressed in pounds or kilogramscaveexpress a given weight as a z-score.
The formula to find a z-score for a given score i&<as follows:
X- X . X-m
For sample dat&=— For population dat&z=——
S S
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Another way to view thg-scoreis the distance between a given measurement xhenthean,
expressed in standard deviations.

Interpreting z-scores:

**Note: Any z-score that has an absolute value grethan 3 is considered an outlier, while |z-
scores| between 2 and 3 are possible outlierso, Alsenever a value is less than the mean, its z-
score is negative.

Z-scores and the Empirical rule:
Z scores are the number of standard deviations &waythe mean, so using the empirical rule
we can conclude:
For a perfectly symmetrical and mound-shapedibdidion,
~68 % will have z-scores between -1 and 1
~95 % will have z-scores between -2 and 2
~99.7% will have z-scores between -3 and 3

Example 27: Compare the performance on the fixsimefor two different students in two
different Statistics classes. The first studemt &acore of 72 in a class with a mean grade of 68
and a standard deviation of 5. The second stugghta 70 in a class with a mean grade of 66
and a standard deviation of 4.

For any set of n measurements arranged in ordeptkhpercentile is a number such that p% of
the measurements fall below the pth percentile(aff — p)% fall above it. For example, if you
scored in the 92 percentile on the SAT, you did better than 94%hef exam takers and worse
than 6%.

Three very important and commonly used Percergiles
1% Quartile = 28 percentile

2" Quartile = median = Sbpercentile

3 Quartile = 78 percentile

Q1, Q2, Qs divide ranked scores into four equal parts:



| | | |
(minimum) Q1 Q2 Q3
(median)

There is a useful graph that can be created usi@gytartiles.
these is illustrated below:

(The remaining material below in 2.7 is optional)
Guidelines for finding the approximate kth — pertden
Order the data

| 25% | 25%  25%, 25%

1.

2
3.
4

If L is an integer add 0.50. If not, round up.
. Find the number in the Lth position, if L is a deal average the two numbers in the

. CalculateL = L n
100

(maximum)

positions it lies between.

(k = percentile in question)
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It is called a Boxplot. One of

Guidelines for finding the approximate percentie@aiven number:

1. Count the number of values below the number

2. Add 0.5
3. Divide by n

4. Convert to a percent (multiply by 100)

Example: Use the data below to find the age coomding to the 28 percentile, and the

percentile for an actress who is 35 years old.

21

22

24

24

25

25

25

25

26

26

26

26

27

27

27

27

28

28

28

28

29

29

29

29

29

29

30

30

31

31

31

32

32

33

33

33

33

33

34

34

34

35

35

35

35

35

35

35

36

37

37

38

38

38

38

39

39

40

41

41

41

41

41

42

42

43

45

46

49

50

54

60

61

63

74

80




