Statistics: Much Vocabulary and Images, Little Computation

A Year of Statistics in an Hour or Two:
Heavy on Vocabulary, Light on Computation, No Counting Theory

Designed as a one hour talk/intro, for someone with an 8th grade math
background. This page is heavy on the pictures, but, light on the computation.

There's no permutations, combinations, counting theory. There are links to
this stuff.

For just the vocabulary from this page, '"A Year of Statistics in an Hour or
Two," go to Statistics Vocabulary.

For statistics resources go to MIDDLE GROUND, the statistics info page.

Support Stuff/Down Load Material

Here's the spreadsheet used for this page. Here is the pdf file of this page in
case you wish to take notes. Here is a link to where the video of this page is stored.
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Population, Sample, Data, Statistic

Suppose you own a big tank of fish. You might wish to examine just one of
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the fish. You might examine a bunch of fish, or you might examine all the fish
in a tank, the entire population. You could look at, all at one time, their color,
their length, their shineyness, the number of fins on each fish, to get a big
picture of the fish. This would be a look at all of the features of the fish at once
and would give you a good general idea of the fish.

44
g
44

If instead you looked at one feature of each fish you chose, you would be
taking a STATISTICAL look at the fish. You would be considering, one at a
time, DATA or something about each fish - a measurable or countable or
classifiable piece of information. Data is information -- a measurements, a
count, a description. You might then wish to process the collected data to
compute/find a statistic about the data -- the average length, the most
frequent length, the spread of lengths, the longest (or maximum) length.

This computation could be done for either the sample (collection) of fish or
for the population (all the fish). If one just took a sample or collection of fish,
the sample might include by chance just one fish or all of the fish. The bunch
or collection or sample of the fish would still be called a sample.

Usually the population of stuff, like fish, or the population of raw data is too
large to examine or is not avaliable and a sample or statistical sample is used
to learn about the statistical population.

If you considered the population to be the fish at the fish store, your data
might be "proof™ that your fish are longer, or heavier, than the fish at the
store, the population, because of how you are feeding or treating your tank of
fish. More on that later.

Vocabulary

e SAMPLE - a collection - 1, more than 1, or perhaps all (here, you would
know this by emptying or filling the tank).

e POPULATION - a collection of all the items under consideration (here, you
would know this by emptying or filling the tank).

e STATISTICAL SAMPLE - a collection of raw data - counts, lengths,
durations of time, test scores, integers, real numbers, etc.

e STATISTICAL POPULATION - a collection of all the raw data - counts,
lengths, durations of time, test scores, integers, real numbers, etc.
One usually does not examine the entire population. Population statistics are
often given in a situation. You might be studing the statistical sample.
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e DATA or DATA POINT or RAW DATA - 1 piece of information -- as in
the length of a fish, as in the number of fins on a fish, as in the color of a
fish.

e STATISTIC - the processed information -- as in the average length of all the
fish in the sample.

Discrete or Continuous

Two Examples of Discrete |Two Examples of Continuous
only whole numbers permitted all numbers permitted
0000 . .
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7 7
z : bar graph ¥ f histogram
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individual grades ( in %) ~ grades grouped in intervals ( in %)

Click on the image to enlarge it.

If you do decide to do a statistical study, two different types of data are
obtained/used/needed. The type that is collected depends on what you are
measuring, or counting, or observing. The two kinds of data are continuous
and discrete.

Your only task as we begin to analize data is to take note of what data is
continuous and what is discrete.

Vocabulary

e CONTINUOUS - all numbers are used over the desired interval
You might have data that are real numbers on a range 0 < x < 6: numbers like
4.387, .58, 5.55555... or you might have real numbers from -3 to 5.

reals -2 € xe3

<

e e e 4
4 3 -2 -1 0 1 2 3 4
Examples:

the length of a fish, measured in meters with a meter stick or tape

sata | |0 (real numbers)
- a length of time, as in how many months till a birthday
- a height,
- a weight

- the temperatures on Wednesday mornings in January
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o DISCRETE - only certain numbers are used over the desired interval
You might have data that are integers: numbers like -3, 0, -10, 4, 6, 10, 11, or

natural (counting) numbers: numbers like 1, 2, 3, 4, ...

naturals -2 < x<3 wholes -2 < x<3
APEFaran e S S PRI S I
integers -2 <x<3
— )
4 -3 -2 -1 o0 1 2 3 a4
Examples:

the length of fish, measured to the nearest half inch

data 0 | (whole numbers and halves only)

a number of things, as in how many nickels there are in a jar,

dgta | 0 | (whole numbers)

a shoe size,asin 8,8 1/2,9,9 1/2
a grade in school, as in: 1st, 2nd, 3rd

a night's win (+) or loss (-) in dollar bets  daa 0 | (integers)

Take a Sample

Here are samples of samples

., R o of fish.
3> g S
< R They are not however

* statistical samples. Statistical

, _ samples are collections of raw
* data -- measurements, counts,

lengths of time, etc.

Samples are used to create the data so a purely numeric picture or a
graphic representations of the what's in the tank, the population, may be
produced.

Two things are important when taking a sample:

1. Making sure the sample is large enough to ensure the accuracy you need
later.
2. Getting a random sample.

Many things effect the size of the sample needed. On this page the sample
size was chosen for educational, not statistical, purposes --to display a few
important things about samples of data and what one might do with them.

Check out the above samples of samples of fish. You might say "Two of the
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samples don't look very random." Those would probably be the one with the
yellow fish on the bottom of the tank and the ones with only the yellow and
white fish. But, these might indeed be random samples.

When average citizens thinks of a random sample, they think of a sample
with "a good mix of the population." When statistically savy citizens thinks of
a random sample, they think ""good mix" is nice, but a sample with "every
data point, fish, being equally likely of being chosen" is what is needed.

Vocabulary

e RANDOM SAMPLE - a sample in which each selection, each fish, each
data point, is equally likely to be chosen

e POPULATION SIZE - the number of things (like fish) or their data points

(like length - either discrete or continuous) in the population under
consideration.

Look at the Data

Even before you look at the samples, what do you know?

Raw "Sample 1" data of fish lengths, measured in centimeters only
Raw "Sample 2" data of fish lengths, measured in inches only

Raw "Sample 3" data of fish lengths, measured with a meter stick
Raw ""Sample 4" data for each data point is the number of heads when
12 coins are tossed

b B B =

You can tell if the sample is of continuous or discrete data. Which are
which? Swipe between the stars below to see the answers.

Discrete: & &
Continuous: * &

You are now ready to example the data and statistics and displays. Do this
THOROUGHLY AND ONLY ONE AT A TIME. Once you have done this
answer some questions and review the vocabulary.

Questions (Swipe between the stars below to see the answers.)

1. In "Sample 1," how is Qq, the 25th percentile determined? *

*

2. Which sample is more symmetric, balanced side-to-side, '""Sample 1" or
"Sample 22" *

*

3. Is there anything in ""Sample 4" that might be omitted? *
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*

4. You probably have some experience with flipping coins. If you flipped 12
coins, how many would you expect to be heads? Does ""Sample 4" results
make sense? *

Vocabulary

e SAMPLE SIZE - NUMBER - the number of data points, pieces of data in a
sample. Ususlly symbolized by "n."

e ORDERED DATA - data which has been sorted by size, smallest first.
Data: weight in Ib.
243, 275, 204, 239, 214, 249, 243, 225, 260, 252

Ordered (ranked) data:
weight in Ib.
| 204, 214, 225, 239, 243, 243, 249, 260, 260, 275

e FREQUENCY - number of occurrences. It reports how many times each
specific data point is found in the sample.

e FREQUENCY DISTRIBUTION - a table of the frequency of each data point
or interval

frequency

distribution

shareE Frocs
220
240
260
2a0
00

(R ) Y L LN

e BAR GRAPH - a graphic way of displaying each data point and its
frequency. It is used for discrete data. On the horizontal axis, the data points
are placed on a number line. One the vertical axis frequencies are listed. For
each data point, a bar goes from the horizontal axis to the height of the
required frequency to display the information.
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bar graph

= Weight in pounds

2 -

Frequency
"
[ in

=]
Ln

(=)

weight in pounds

e HISTOGRAM - a graphic way of displaying intervals of data points and their
frequencys. It is used for continuous data. On the horizontal axis, the intervals
for the data points are placed on a number line. One the vertical axis
frequencies are listed. For each interval, a bar goes from the horizontal axis to
the height of the required frequency to display the information. Note: Notice
that the histogram has "fat" bars because each number in the interval must be
accounted for, whereas a bargraph only displays the data points it needs.

histogram
Weight in Pounds
S
= 4
g3
E- z
w1
* T son-zzn 240.01-260
220 M-zdd 0 0ozag 280-01-300
Pounds

e STEM-AND-LEAF DIAGRAM - a graphic way of displaying each data
point, its frequency, and its position in ordered data. It is used for discrete
data. The units digit of each data point is used as a "leaf" and placed on the
right off the "tree" of larger digits used as a kind of interval. Each "leaf" in
the "stack of leaves" makes the "stack" longer as a frequency bar would.

stem&leaf

weights in pounds
204204
2114214
2215

2319

2413,3,9

251 260, 260
26 O«

2715
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e CAPITOL SIGMA - E - a math symbol meaning "add up the terms."
e SAMPLE STATICS - numbers, obtained by looking at the sample data in
different ways. It is:
1. used to create a purely numeric picture of the sample,
2. used to help create the graphic representations of the sample,
3. used to stand in as a numeric description of the population because
none is available,
4. used in testing if things about the population the sample represents are
true.

All of these are sample statistics. Some are used to used to
approximate/represent:

Ist: CENTER - "a one number representation” of the entire sample:

AVERAGE -- any of the following three sample statistics

MEAN -- symbol: X, read as "x bar" - arithmetic average. Formula:

> x

b

r=

MODE -- most frequent score or data point

MEDIAN -- symbol: ﬁ, read as "x hat" --median, Q,, the 50th

percentile, the middle data point when the data is ordered from lowest
to highest

2nd: SPREAD - "how the data spreads out:

RANGE - the spread of the data from the highest data point to the
lowest data point, Xy - Xmin

INNER-QUARTILE RANGE - the spread of the middle 50% of the
data, the difference between the 3rd quartile and the 1st quartile, Q5 -

Q. where Qj is the 75th percentile and Q; is the 25th percentile. See
box-and-whisker with more info.

VARIAVCE - the square of the standard deviation.

STANDARD DEVIATION - the average spread of the data computed
in the standard way. The formula is:
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e STAT SYMBOLS -
Statistics Symbols

mean | standard deviation

sample ; s

population zu o

e BOX & WHISKERS PLOT - a drawn to scale representation of how certain
sample statistics spread across the sample.

box and whiskers

25th 50th_ 75th
percentile percentile percentile

Xrnin=204 Q7225 Medion, Q1243 Q260 K mkZED

‘ . L N L 3 I L o

*
200 10 2320 230 240 250 260 270 2840

inner guartile range

Q3 = Q 1
box-and-whisker with more info

e SYMMETRIC - having a left to right (bilateral) symmetry: the mean or
median is in the middle and the tails are the same length and "fattness."

e Some DISTRIBUTIONS - how the data is spread out, what shape the

frequency distribution or histogram has.

d AL

uniform uniform  bell-shaped bell-shaped skewed skawead
birormtal nermal to the laft  to the right

Talehleft  tail enright

Discrets &

‘FH_V-H% ‘ﬂ h \/x Continuous

Fenaped  Jehapea CM-Sewaed Disfributions

Theoretical vs Experimental & Descriptive vs Analytical Statistics
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Thus far only experimental and descriptive statistics (statistics where data
is collected, analysed, depicted, and described) has been used. Before
analytical statistics (statistics where judgements are made) can be discussed,
theoretical statistics (statistics where mathematics and common sense are used
to examine a situation) must be discussed.

Your job is to see if common sense and the theoretical statistics agree.
A tree diageam is a paper and pencil way of figuring out the sample space (
the set of all possible results of an experiment). You can probally guess what

each experiment was. Do common sense and the theoretical statistics agree?

Click on the image to go to problems of this sort.
H HHMH  Select a color from red, white, and blue,
H .4

T HHT then select a number for 2 and 3,
H H then select the other number.
< HTT 2—3 R2Z3
_f;*_ 1'[;’1":' R<3-2 R32
?H T TH (1'—3 w23
“\._/""'\_/T T W<z 53 W3z
S prcs B < -2 B3Z

Why bother with the tree diagram if you can list the sample space in your
head? There are reasons:

1. later you may need justification of your work,

2. to be sure you list all the possible events, especially in the longer
experiments. If you don't need it do not bother, unless,

3. it gives you credit on a quiz or test.

Vocabulary

e EXPERIMENTAL & DESCRIPTIVE STATISTICS - statistics where data
is collected, analysed, depicted, and described

e THEORETICAL STATISTICS - statistics where mathematics and common
sense are used to examine a situation
Create a table to computed expected value.
Event | P(Event) | Amount

0 0.125 -20
1 0.375 2
2 0.376 3
3 0.125 10

-f — expected valu

e TREE DIAGRAM - a paper and pencil way of figuring out the sample space
of a multi-step experiment (see above)
Ist: All possible results of the first stage of the experiment are listed
vertically on the far left.
2nd: From each of the first stage events, branches are drawn to the right,
to all possible events in the second stage of the experiment.
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This record-keeping continues until all possible outcomes of each stage
of the experiment are listed w/branches drawn.

e EVENT - a result, data point, outcome, of an experiment

e SAMPLE SPACE - the set of all possible outcomes/results/events of an
experiment
To list the sample space given a tree diagram,
from each 1st stage outcome follow each
path to each last stage outcome.
Two such paths are drawn below.

7_:!3—)'{.23
R<3—2 k32
2—3 W23
Wg 353032

B<3_.a, B3

e ANALYTICAL STATISTICS - statistics where judgements are made

Hypothesis Testing

he. oLl of 3 u.aﬂ,whqp,_,png
¥ot p0 ot =0 0% M=0
LIyt 1] Ky udo Hyf udo
Begbdep,  ZANAdep, it ydds,
nsieck Ko falo ruject Ho  Tuilct Ho

p value -- the probability a score is in the extreme of the test statistic

Probability

Before going on, review new vocabulary and vocabulary already discussed.

- experiment -- an action that is performed, like measure a fish
- event -- a result of an experiment

- outcome -- same as event
- sample space -- the set of all possible outcomes or events

Here's the new stuff.

- probability of an event -- P(event), or p(event)
ex. p(A), the probability of event A
ex. p(head), the probability of obtaining a head
ex. p(x=3), the probability the variable is 3 or
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the probability of the number 3 occuring,
or the probability of obtaining a 3.
- probability of an event, P(event) = (frequency)/(number) = f/n,

(frequency of the event)

P(event) =
(number of events in the sample space)

Here's the answers to some problems. Here are blank problems.

Find these probabilities when a coin is tossed 3 times.
1. the probability for each event p(event) = 1/8 for each event

- Probability there are 3 heads p(3 heads)= 1/8
. P(noheads) 1/8

2
3
4. P(HHHH) O, this event can not happen. It happens 0 times.
5. p(exactly 2 heads) 2/8

6.

7

. P(2or3heads) 3/8+1/2=%80rl/2
. the sum of the probabilities 1/8+1/8+1/8+1/8+1/8+1/8+ 1/8+1/8 =

8/8=1
events p(event) no.ofheads x=no.ofheads [y
< H #HHH 1/8 3 0 1/8
T om i
TH 1/8 '
< T{!I-l- HTT 1/8 1 2 3/8
'H' T H]q 1f8 ~ 1!3
T< H.t::‘r THT 1/8 1 :
TT;H TTH 1/8 1
T TTTF 1/8 0

Facts
The lowest possible probability an event might have is 0. If P(event)=0, the

event can not happen.

The highest possible probability an event might have is 1. If P(event)=1,
the event DOES happen.

Probabilities range between 0 and 1, inclusive.
0 <P(event) <1.

The sum of all the probabilities for an experiment is 1. For example:
ex. Experiment: flip a fair coin.
P(head) + P(tail) =1
ex. Experiment: pick a day of the week.
p(Sunday) + p(Monday) + ... + p(Saturday) =7/7=1
ex. Experiment: pick a day of the week
p(January) =0

The Expected Value is the Mean.
One way of describing the results of an experiment is to state the value you

expect to get. In any experiment the mean, the arithmetic average, is the
expected value.
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The expected value is an average. It is the mean.

Flip four coins. Count the number of heads
How many heads should you expect to get on the four coins?

sample space probability distribution bar graph
HHH
nHHT x|P(xl=p|Plx)=p n=4a fi2)=6
HHTH 000625 | 1/16 i
HHTT 1| 025 |4/16 fili=4
H
HL.,? 2| 0375 |68/16 '
HT TH 3| 025 |4/16 ‘o) ]
HT TT 0i=1 fidl=1
16
TR 4|0.0625 |1/ m
THHT E e | m
THTH x 0 1 2 3 4
THTT nurmber of heads
TTHH .
TTHT fix}is the frequency of heads on the four coins
TTTH n is the number of events in the sample space
TTTT
(frequency of the event)
P(event) =

(number of events in the sampls space)
O+1+1+1+1+2+2+2+3473434+3+3+3+3+4 _ 32 =3

2is the expected number of heads.

In this case, the expected value is 2, the mean is 2, the mode is 2, and
median is 2.

Vocabulary

e PROBABILITY - a branch of mathemetics that studies populations,
samples, experiments, hypothises. It includes experimental, analytical, and
theoretical statistics.

e« PROBABILITY OF AN EVENT, probability of the data point, or set of
numbers, or interval, being the number x, p(x), or being the set of numbers,
p(a, b, ..., ¢), or the inteval, p(athe a number between 0 and 1 that compairs
the number of times a specific outcome or event may happen in a situation to
the number of possible outcomes in that situation.

If the probability of the event is 0, the event does not happen.
If the probability of the event is 1, the event happens.

o EXPECTED VALUE - the mean, the sum of all frequencies divided by the
number of possible outcomes

Z x
% the arithmetic average, the sum of the numbers divided by the
number of numbers.

¥ =

(the sum of all the data)

B -

(number of events in the sample space)
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More Vocabulary and Topics that Are Not Included on this Page

The first 7 definitions are important and understandable without
computation.

The last definitions can not be discussed well, without computation. As
promised, these are left out of this page, but references are linked.

Vocabulary
Experiment: Draw 2 cards from a deck, with replacement. Experiment: Draw 2 cards from a deck, without replacement.
1sttriairm Y'Y} - aa L X ] Eﬁ Zsttrial:E. m [ ¥} l - . L R ]
Voo oo Vo oo
<o <o 2t [l Fl o oo [ ewe EIE]
| O 1
antﬂaizgﬂ...ﬁ.-.... m => ¢$¢'
0 a possible uutcgn:: ﬁ
=> =>=> raw da
_ &
a possible outcome
3 .mw data NOT a possible outcome ﬁ
These trials are independent. These trials are not independent.

o INDEPENDENT EVENT - uninfluenced, stand alone, the result of one stage
or trial has no effect on another stage or trial.
ex. Raw sample data - the number of heads when 3 coins are flipped. The
result of each flip, or trial, is not influenced by the other flips.

o DEPENDENT EVENT - having an influence on other stages or trials, the
result of one stage of the collection of raw data, has an effect on another stage.
ex. Raw sample data - the names of a president and vice president of a club
with 4 members.
One officer must be picked at a time or you would not know which
officer was which. For instance: There are 4 choices for president, but only 3
choices for vp. The result of the first stage influences the second stage.

o WITH REPLACEMENT - restore the original conditions after each trial. A
after a trial or stage, the setting is restored to the original setting before
begining the next trial or stage.

ex. Raw sample data - draw a card from a deck, replace the card in the deck,
draw a card from the deck. The 2 draws are independent. The replacement
made each draw have the same outcomes.

o WITHOUT REPLACEMENT - do not restore the original conditions after
each trial, use the new conditions.

ex. Raw sample data - draw a card from a deck, draw a 2nd card from the
deck.

e ORDER COUNTS - raw data has a 1st, 2nd, 3rd. Ex. officers in a club.
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Statistics: Much Vocabulary and Images, Little Computation

e ORDER DOESN'T COUNT - the order of the raw data does not matter. Ex. a
committe (without a chair) is chosen. It doesn't matter how the members are
listed.

e FACTORIAL - symbol: n!, the product of a natural number and all the natural
numbers less than it, n!=n(n-1)...2-1. See a use on: Number of Ways to Make
An Ordered List
Questions Swipe between the stars to see the answer.

.0!is *1, by deﬁn1t10n *

s *

2lis * *

J3lis * *

.4lis * *

CSlis * *

.6lis * *

LT is * *

.8lis * *

10.9!is * *

11.10!is * *

The numbers grow quickly. For example 6! is the number of ways 6 people

could line up -- order counts.

O 00O\ DN B~ W —

e COUNTING METHODS - Basic Probability & Counting Problems

e PERMUTATIONS - Number of Ways to Make An Ordered List

e COMBINATIONS - Number of Make A Gr

The Binomial Distribution

NI AN AN AN

unifarm uniform  bell-shaped bel-shaped skewed shawad
binomial narmal te the laft  to the right

Taileh left  tail enright:

Discrete &
‘rHTH% ] __ Continuous
Fehaped jshapea. CMFSauared  Nistributions

Distributions, ways the data in a population is centered and spreads out,
have already have been introduced. Now consider one of those distributions in
more detail, the Binomial Distribution.
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Statistics: Much Vocabulary and Images, Little Computation

Some Binomial Distributions Fiip n coins. Count the number of heads.
The sum of all probabilities is 1.

n=3
n=1 . noe fix)= 2
=1 flg=1 | _' flx) =1
x. 0 1ok 0 12 : L2 T
number of heads 1 number of heads | number of heads
p(x=0)+p(x=1)= | p(x=0)+p(x=1)+p(x=2)= | p(x=0)+p(x=1) +p(x=2) + p(x=3)=
] 1/8+3/8+3/8+1/8 =8/8=1

Y2+1/2=2/2=1 1/4+2/4+1/a =4/a=1

-10 4

fx)=1

0 12 3 8 x 3
numberofheads.' number of heads
p(x=0) + p(x=1) + p(x=2) + p(x=3) + p(x=4) = | p(x=0) + p(x=1) + p(x=2) + p(x=3) + p(x=4) *+ p(x=5) =
| 1/16+4/16 +6/16 +4/16 +1/16 = 16/16=1 1/32+5/32 +10/32+10/32 +5/32 + 1/32=32/32= 1

The binomial is a discrete distribution.

Raw data is the number, x, of either successes on n identical, independent
trials. Again that's:

Binomial distributions have:

. n identical trials.

. independent trials.

. success or failure are the only possible outcomes of each trial.

. On a trial, p is the probability of success, q is the probability of failure,
and sincep+q=1,q=1-p.

AN -

In a Binomial Distribution, on each trial:

P+q=1 pP=1-q q=1-p

000 @00 @00 @00 00

00 00 00 0 0
000 000 000 000 @00

00 o0 ©0 00 ©0 )
P=0 q=1 p=.1q=_g9 P=.2 q=.8 pP=.3 q=7 P=.4 Q=5
@00 00 00 ®00 00

®0 ©0 0 0 0
00 00 00 00 000
0 0 0 ®0 L..
p=.5 q=5 p=.6 q=4 P=.7494=3 p=-84=.2 p=.9 q=.1

Probability statements look like p(x=3), meaning the probability of getting
exactly 3 heads on n trials.
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Statistics: Much Vocabulary and Images, Little Computation

The mean and standard deviation of a BINOMIAL DISTRIBUTION are
stated below. For an intro to the binomial here's the link. For info on the
formulas , click the formulas below. It is all on the same page.

H=nep o=nepeq

Think that flipping coins are the only binomial distribution? How about a
real-world problem. "Twenty phones have been poorly built. There's a 70%
probability that a phone will work when it is switched on. What's the
probability that at most half of the machines will run?" Notice that p is now .7
and you now have 20 trials. Harder problem. This kind of problem has not
been covered.

In symbols: Find p(x < 10), p=.7, n=20.

Vocabulary

e BINOMIAL -- See MIDDLE GROUND - Brief Summary of A Binomial
Distribution

e SUCCESS - one of two possible outcomes of a binomial trial. The
probability of success is p. Note: p=1-q

e FAILURE - one of two possible outcomes of a binomial trial. The
probability of failure is q. Note: q=1-p

e DISTRIBUTION - the way the data in a population is centered and spreads
out.

Thank Goodness for Probability Density Functions

Here's a problem for you to do without calculator or computer or
spreadsheet:
You receive a shipment of twenty phones, but have had problems with this
supplier before. Last time you got 10 phones, 2 didn't work. What's the
probability that at most 4 phones will work?"

In symbols:
Find p(x < 4) this is
Find p(x <4) = p(x=1) + p(x=2) + p(x=3) + p(x=4).
You will need to use the formula below 4 times and then add.
A reasonable q is .2, or 20%. That makes a reasonable p = .8, or 80%.
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Statistics: Much Vocabulary and Images, Little Computation

This starts the count of This is the probability
number of ways event can of success for x trials.

P(x) = N

(n- x)'x

This ends the count of -~ /_-r ql;l:rﬂ fgmaxigah
number of ways event can This deletes -
oGeur. duplications.

I promised light on the computation, so if you want to look at these
problems, go to: Binomial Formula Explained.

Before going back to
"Thank Goodness for Probability Density Functions,"
vocabulary must be examined.

In 1733, Abraham de Moivre (1667 - 1754) was studying expanding
binomials, as in (x +y). See A Binomial Distribution, Explained More Slowly.
He was using the discrete binomial distribution and using the above formula
multiple times. He realized that with calculus and the right continuous
formula for a probability distribution function, f(x), he could use the calculus
instead of repeatedly using the binomial formula to easily complete his
computation. He wrote such a function. See: History of the Normal
Distribution by David M. Lane. See sheet 9 of: a Calc I Sketchpad

Birth of the Normal Distribution

7+ the discrete binomial distribution
b

* calculus pla<x<b) =‘I'f (x) dx
a

plx) =P(a) +... + p(b)

P = —2—pr
X
(n-x)!x! ra-
£

Ppe=al= P((a- §) (a
¢ de Moivre's function o are the mean and standard deviation f(:a;w):$ﬁ{%
# the continuous probability density function called the

normal distribution LI
] pla<x<b) =f Hlﬁ,_ﬂ(T“;‘ dx
FE— a

pla< x<b)

Johann Carl Friedrich Gauss (177-1855) later worked with the normal
distribution. It is named for him. It is also called the bell curve. It is discussed
below.

Vocabulary

e DISTRIBUTION - the way the data is centered and spreads out.
- the way the numbers in a situation are impacted by the function or rule.
- Usually the distribution is written algebraically as in f(x) = ...
ex. f(x) = sin(x), the function is the sine of a number

The sine function shown graphically and numerically ;u" ‘1
45" | 0707106781
0° 0

_______ y . sine 45| 070706781
£ y = sinfx) T T
1 PP el S . T

‘ eV RN B % e e [ [ tosteds
o8 5 4 32 1 2 345 % 78 gr | 225 | 0707106751

..... R R
....... Hoooo 315" | 0707106781
360° | -2 4503E-16
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Statistics: Much Vocabulary and Images, Little Computation

FUNCTION - a really dependable rule. It is usually written as f(x) where x

is the variable, changeable, number

ex. The area of a rectangle is always the product of its length and width:
A(l,w) = 1(w).

FREQUENCY - number of occurrences. It reports how many times each
specific data point is found in the sample.

FREQUENCY DISTRIBUTION - a graph showing a table of the frequency
of each data point or interval

RANDOM VARIABLE - a number which is equally likely to be chosen

INTERVAL - a range of the variable from a number (say a) to a higher
number (say b), as in:

fromatob,a<x<b

from a to b includingaandb,a<x<b

from a to b including a but notb,a<x <b

from a to b including b but nota,a<x <b

. NTIN

AREA UNDER THE CURVE - the sum of all function values, f(x), for each

x in the interval. See Statistics Lab 5 - Probabilities for details.
The area under the curve is computed with calculus.

" 1 b

Alt d)==h(by+by) = - 3

(rapelml )=3 1#02 A{under curve) ﬁf(x)-g(x))dx: ( (x+3)-(2))dx=
SN2+ 2)=10)=6 a N

9 <(Len)=
& -G+

7.5-1.5=6

glx)=2

o PROBABILITY DISTRIBUTION FUNCTION - a continuous function,
f(x), of probabilities, such that the sum of the probabilities is 1 and:
b

pla<x<b) = f(x) dx
a

The probability that x is in the interval fromatob
is equal to the

integral from a to b of f(x) with respect to x.
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Statistics: Much Vocabulary and Images, Little Computation

Normal and Standard Normal Distributions

-l z-z©  Notice in de Moivre's formula for the normal
f(x, .6) = 1 E-T[TJ distribution, the notation has gone from:
o2 fx) to fx, M, €T).

The variables are x, M, and <T". These are the population random variable,
and the constant population mean, and the constant population standard

deviation. Everything else in the formula is a constant -- e, and TI . This is needed
because there are really a whole family of normal distributions, each with their
own mean and standard deviation, but having the same features.

In this area of this page, population and sample mean and standard deviation
symbols are used. Samples from a normally distributed population will be
assumed to be normal also.

The mean is always in the center of the
symmetric bell-shaped curve. Remember the
mean is the measure of center.

| i | | | The standard deviation is the measure of
X-35%-28 X-8 X X+s X+2s x+3s Spread, the unit on the number line.

For large sets of data that are bell-shaped

(appear normal):
Toinclude e 08 % of all scores lie within 1 standard
mare of deviation of the mean
the p(X-s<x<X+s)=.68
SCores,
go further - B8 % e 95 9% of all scores lie within 2 standard
fromthe 95 %t deviations of the mean
mean. / N p(X-2s<x<X+2s)=.95
;/ 99.7% “\\‘
- l S I e 99.7% of all scores lie within 3
X

stagdard deviatigns of the mean
p(X-3s<x<X+3s)=.997

Chebychev's Rule - weaker,

used for non-bell-shaped distributions If your distribution is not normal,
for l:{i; ﬂl:sn;rcems of scores are at least l bell_shaped’ or large, it might be
k=3 389% 12 another distribution. There are many.
2 uniform distribution distribution is skewed to the right For percent Of scores Wlthln k
L rsee s standard deviations of the mean, use
88.9 % 88.9% {
L s R P I Chebychev's Rule.
3 2 1 X 2 3 3 -2 1 X 2 3

Even more detail is known about the
distribution of normal scores as shown by the
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Statistics: Much Vocabulary and Images, Little Computation

Percent of
Normal

Distribution b
Scores in Each
Interval

image at the left.

Notice that the mean of this distribution is

0 and the standard deviation is 1.

. h2.2%
36% 240l 50z [136% 2% |
I |
2

Questions. Swipe between the stars to see the answer.
1. What percent of the scores are below the mean? * *
2. What's the probability a score is below the mean? * *
3. What's the probability a score is above the mean? * *

4. What's the probability a score is equal to the mean?
*

*

5. The probability p(x>a) = .6, so, what's the probability p( x < a)?
*

*

6. What percent of the scores are less than 1 standard deviation above the
mean? * *

The Standard Normal Distribution

The number lines at the left are
similar. The top one has number
labels and the variable is z. The
symbol z is used to signify a normal
distribution with mean of 0 and
standard deviation of 1. It is called

1/ 1111141, o center= 0 Zero the Standard Normal Distribution.
f _2 ] 0 ‘1 5 ‘3 ;: scale={ oOne

It is valuable for quick
Statistical Sample computation and use of statistical
tables.

Normal number line

number line

The bottom number line has the
appropriate statistical mean and
standard deviation notation. The
variable is X.

xl
HI

X x+s x+2s x+3s

center=X mean o
scale=s standard deviation

Two very useful formulas make it easy to translate x scores into z scores or z
into x. Below the calculators do the work for you. Use the percent images above
and mental computation or the calculators to answer the questions below the
calculators.

Compute x or z
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Complete the computation by entering the values and pressing the buttons.
Enter negative two as "-2."

== so, zis

Questions. Swipe between the stars for answers.
1. Given the mean is 6, s is 4, and x is 18.
a.Find z * *
b. Find p(z<3) * *
¢. Find p(x<18) * *
d. Find p(x>18) * *

2. John needs a 84% or better on the exam to get an A in the course.
The teacher gave the exam before and it has a mean of 75 and a standard
deviation of 12.
a. What score does he need on the exam?* *

Now that we've reviewed how the
x-score to z-score works and a few of
its uses, it is time to examine two
tables that have probabilities already

_ computed. Here are the Standard
oo e e, Tomattaveat
02| 793] 832] 871 91| 948 9.87| 10.26] 1064 11.03] 1141 or 7.14% Pﬂ_em_sﬂdlabl_hu@s and the

0:3 11.79| 12.17] 12.55| 12.93| 13.31] 13.68| 14.06| 14:43 14.8] 15.17]

3210123 3210123
~Ztable Ztable

u' s.tents hundredths

0.4] 15.54 15.97] 16.28] 16.64] 17.00] 17.36] 17.72| 16.08] 18.44] 18.79 and Cumulative Standard Normal
5] 19.12| 70 50] 19.85] 2018 o054] oge| 2123 oiev| oven| zea|  P-18<z<0)  Distribution. They are on this page to
06] 2257] 2291| 2324 23.67] 23.89 24 22| 24 54] 24.86] 2517| 2549 = 0714 - .. .

07| 2580] 26 11| 2642 26 73| 27 04| 27 34| 27 64| 27.94] 28.23| 2857 or 7.14% pI‘OVide a feel for aCtual prObabilitieS.

0.8 2881 29.10| 29.39) 29.67) 29.95| 30.23| 30.51] 30.78] 31.06| 31.33
09] 3159] 3186 3212 3238) 32 64| 3289 3315] 334| 3365 3389

1 34137 34.38| 34.61| 34.85| 35.08| 35.31| 35.54| 35.77| 35.99] 36.21 .
1.1]/36.43| 36.65| 36.86| 37.08| 37.29| 37.49| 37.70| 37.90| 35.10| 38.30 For more lnfo go to Bjm;
1.2|/38.49| 38.69| 38.88| 39.07| 39.25| 39.44| 39.62| 39.8] 39.97] 40.15

p(0.00<z<100)= 3413 or3413% and P(-1<z<0}=.34130r34.13% Below, Above
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Statistics: Much Vocabulary and Images, Little Computation

TI-84 Plus Silver Edition

;nnrmalchi
finwHorme

1inuTe probability

ihEdf

: tEdF( distribution
wl-}{EPdF': functions

EfxEcdf

You may Compute Probabilities Using A Calculator.

The parameters for a Normal Cumulative Distribution are:

: n ig hi .
Si= S - ormalcdf(low z, big high z, mean, stdev)
fhinomcdf

E=P01550nPdFi

Rroissoncdf
E:9eomet.pdf
AH9somet.odf

| Prow )

e A orwiod
-57(:,{?_'0_} =D
o
alla
\ You may Use the Normal
-d‘l
e Distribution to Approximate the
Use a normal, it is continuous. M'
Build an interval.
a5 aavs
P(x=a)= P(a- § <x< a+5)
Vocabulary
e e - a constant approximately equal to 2.718281828454590, as defined below.
Find b, Solve for e » 1 1 1 1 1
area of 1 e = —_— — — + +
Opl 11 162 16243
) 1
s e =lim(1+—)"
= x\ n
1 =1
x=1x=ph ng‘\(X) H(JC)
T e
e
el
A I P =log,(x)
4~ the slope that
J.I (l /-x)dx =1 : € makes this work

e 7 - the variable used to indicate workis with the standard normal
distribution having a mean of 0 and a standard deviation of 1.

e PI-TT - the ratio of the circumference of a circle to its diameter, about
3.14159 or 22/7.

e NORMAL DISTRIBUTIONS - or Gaussian distribution, a continuous
probability distribution (so the area under the curve equals 1), where the
mean, mode, median are all the same, so the data gathers about a center
making a symmetric bell-shaped curve. Many data points -- heights of

http://www.mathnstuff.com/math/spoken/here/2class/90/fish.htm[8/23/2022 11:13:50 AM]



http://www.mathnstuff.com/math/spoken/here/2class/90/binoms.gif
http://www.mathnstuff.com/math/spoken/here/2class/90/binom6.htm#hhcdistr
http://www.mathnstuff.com/math/spoken/here/2class/90/fish/prob16.gif
http://www.mathnstuff.com/math/spoken/here/2class/90/binom6.htm#usenormal
http://www.mathnstuff.com/math/spoken/here/2class/90/binom6.htm#usenormal
http://www.mathnstuff.com/math/spoken/here/2class/90/binom6.htm#usenormal
http://www.mathnstuff.com/math/spoken/here/2class/400/83/esolve.gif
http://www.mathnstuff.com/math/spoken/here/1words/p/p16.htm

Statistics: Much Vocabulary and Images, Little Computation

people, lengths of fish, errors measurements, standardized test scores have
normal distributions.

Percent of

Normal 2
Distribution 1 al_[ 24y
Scores in Each _ o)

Interval f(I,JU,O') - aT €

22%
y h3.6%

34%|34% ° 2% |

| 1 1

1 T !
3 2 A 0 1 2

e STANDARD NORMAL DISTRIBUTION - a normal distribution having a
mean of 0 and a standard deviation of 1. It is very useful in computing, and
looking up, probabilities, comparing samples and populations, and analysis
and hypothesis testing.

43210123 4

e STANDARD NORMAL TABLE OF PERCENTS/PROBABILITIES - uses
z-scores and their probabilities.

X I .05] X X
03] 12 16 9 79] 319] 3
78| 517| 557) 5 75| T4 T
¥ 3 1] 91 8 71 0.64] 11.03] 11
3| 11.79] 1217 12.55] 12.93] 13.31| 13.66| 14.06] 14.43] 14.8] 15
4| 16.54] 16.91] 16.26] 16.64] 17.00| 17.36| 17.72| 16.08] 16.44] 16.79
5| 19.50] 19.85] 20.18] 20 0 1 157] 21.90
7| 22.91] 23 57] 23 422 24 4 A7)
0| 2611/ 26. 73 21 7.34[ 27 64| 27 23
1| 2910[ 29 67 29 0 0 0. 06
9| 31.66] 32. 36| 32.64] 32.09 33.15] 33.4] 33.65
4 61| 34.85] 35 5.31| 35.64| 35.77| 35.99] 36.
86| 37.08] 37 7.48] 37.70| 37.90] 38.10] 38.
88| 39.07) 9.44| 3962 3938] 39.97| 40.
4 86| 40 82 1 131] 4147] 4162] 41
4  22[ 4236 2.65| 42 79| 42.92] 43.06 4319
4 .57 3.7 14 14 44 14 .
44 14 14 74| 44 84| 44 . 45 ..
1 54| 45.73] 46 82 16] 46 §
E 56| 4664 93] 46. i
4 26| 47.32[ 473 24| Az 56| 47 7.
95% endpoint
47T 7T 7 7.8 7.9 7.9 | 48.12| 48.17)
2 ¥ 34 453 12| 484 50 48.54] 4857
48. 54 71] 48.75]_48.76] 48. 84] 46.67] 48.
8. -01[ 49.0 0 1] 49.13] 491
4 25[ 492 2 32] 49.34] 493
9% ondpoint
4 94] 4941 3 46| 49.48| 49 49 A951] 495
4 55| 49.56| 4957 6 6 62| 496 64
1 66| 49.67) 3 T 71| 49.72[ 49T 7
2 75[ 49.76 7 78[ 49.79] 49.79] 498 3
49.81] 49.62| 49.62| 49.63] 49.64] 49.84] 49.85| 49.85] 49.6 K
3| 49.67| 49.87| 49.87| 49.88| 49.68] 49.89| 49.89| 49.89] 49.90 49.90

e CUMULATIVE STANDARD NORMAL DISTRIBUTION - uses z-scores
and their probabilities beginning with z=-3 and ending with z= 3 but, lists
the sum of the probabilities from z = -3 to the desired z-score.
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Statistics: Much Vocabulary and Images, Little Computation

Comlative Standard Normal Distribution i
o o1 ) 5 01 05 06 o7 o8 0
~34 | oM 003 0003 0003 0003 003 0003 0003 0003 0002

—33 | oms s 0005 004 0004 0004 0004 00D 004 0003
—32 | 0007 007 0006 0006 0006 0005 0006  000S 0005 005
=31 [ 00 009 00Dy 0009 0008 0008 0008 008 0007  .0M7
—30 [ o3 o3 003 02 002 00 o0 00N 0010 00I0
~29 | 009 ooi8 o018 007 006 0016 . 0015 0DIS . 0014 0014

e BELL-SHAPED CURVE - a normal distribution. It looks like a symmetric
bell sitting on a table. The scores are piled in the center and trail off at the
upper and lower range of variables.

Some Normal or
Bell-Shaped Curves

e WITHIN A SPECIFIC STANDARD DEVIATION OF THE MEAN - a
range of scores centered about the mean and, in either direction, not
farther on the number line than the specified number of standard
deviations.

ex. on the standard normal number line, ""within 1 standard deviation of
the mean' means, from -1to 1,- 1<z <1, and includes about 68% of the
scores

ex. on the normal number line, ""within 3 standard deviation of the mean"
means, from -3 to 3, - 3 <x <3, and includes about 99.7% of the scores.

Toinclude more
of the scores,

qo further

from the

rmean.
68 %™

:/ 95 % N
! 99 7% —
| _// Su \x |

|
I

3 2 1 0 1 2 3
X

o CHEBYCHEV'S RULES -- for any distribution, the percent of scores
2
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Statistics: Much Vocabulary and Images, Little Computation

within k standard deviations of the mean, k > 0, is 1/k
Chebychev's Rule - weaker.
used for non-bell-shaped distributions

for k=1 the percents of scores are at least . 1
k=2 75% -
k=3 889% o k2

for example:

. . distribution is skewed to the right
a uniform distribution =

75 % +— Q ><
$8.9 %

B8.
s | |
3 2 1 X 2 3 3 2 -1 X 1 2 3

=2

9

|

Confidence Interval

Before making a claim, most people like to be sure, or pretty sure, the statement is
true. The statement might be about the mean of the population being sampled, or a
belief one treatment has a higher mean than another, or that the means of 3 or more
populations are the same.

One might be 90% confident or sure about the statement, 95% condifent, etc. The
larger the sample, the more sure or confident one would be about one's statement.

Making a statement and stating how confident one is about the statement go hand-in-
hand in statistics.

' I, W— | N | At the left is a number line on which an
! | I 1 ]
23 30 35 40' ‘E interval has been drawn.
< S >  sample Since it is unlabeled it might be

T x 25 <x<45,0r25<¥X <45, or
Some Confidence Interval Number Lines 25 <M < 45, or something else. Which one

‘ 1 » standard normal is used depends on what is studied or
32-1012 34, sampled or tested.
¢ il ) population .
[N Y.z Below that are a bunch of number lines
p ) _ proportion which are labeled for use as what is called
p p 5—p a confidence interval. You should be
- Jran familiar with the top three number lines.

# =x/n, the sample proportion

N . More below.
) population

P t correlation

coefficient, rho

F 3

At the left a curve that looks like a
normal probability density function or a
frequency distribution has been added.

It's mean, mode, and median are all the
same. It looks like 95% of the scores lie
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Statistics: Much Vocabulary and Images, Little Computation

within what looks like 2 standard
deviations. It is bell-shaped and symmetric.

Call it a normal distribution of sample
means, like number line 3 above, used to
estimate the population mean. Note it is
labeled as having 95% of the scores within
the interval.

2 35

From 25 to 45 is the confidence interval for this normal distribution having a 95 %
level of confidence. A confidence interval is the range of score in which you believe the
population parameter is found.

If the confidence interval accounts for 95 % of the scores, what percent of the scores

under the density function are not in the interval, but out in the tails?
* *

Old Symbols:
e population mean, M (mu),
e population standard deviation, & (sigma),
e 7, the standard normal variable
o/ = /2= (mean of 0, standard deviation of 1),
2.5, 2.5 0, used in a bunch of stuff including probability tables.

confidence =05 % <t =59%

J_"‘“' l'!"“‘“' New Symbols:
E E g e E, the error, the maximum distance from the mean that
p:?-g 'jﬂ-r E still places a score within the confidence interval

o X (alpha) - the area under the density function which
is not in the confidence interval.
Sometimes alpha is in the two tails and other times
alpha is only in one tail.

E=nwxm“alnmhhum

Below are often-used confidence intervals marked with:
e az-score number line,
o the degree of confidence,
o alpha, "(1- degree of confidence),"
the probability a score does not fall into the confidence interval

o the critical z-scores, the endpoints of the confidence interval with the desired level
of confidence.
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Statistics: Much Vocabulary and Images, Little Computation

Common confidence intervals

confidence = 95 %
X =5%

confidence =95 %
o =5%

confidence = 905 o5
X =5%

X/2=25% X/2=25%

-1 0
_ _ = i1 = 165
- Zeritical ~- 1.65 Zeritical ~~ 190 Zeritical ~1-96 : Eeritical

confidence = 99 % confidence = 99 9 confidence = 99 %

xA=1% : o =1% x=1%
99 % % 2 =.5% x2=.5% 99 %
- e x=1%
Y
L L L ] } T : ! : } } T |
T2 10 1 25 RSN N
Zeritical — -2.33 Zeritical ~ 2.58  Zcritical = 2.58 Eeritical = 2.33

Vocabulary

o CONFIDENCE INTERVAL - range of expected values, a range of score in which the
population parameter is believed to be.

e alpha, <X - "(1- degree of confidence)," the probability a score does not fall into the
confidence interval

e LEVEL OF CONFIDENCE - in the picture below P(M-E<M <M +E)--a
probability, usually expressed as a percent, that states how sure one is about the
decision made by the test.

ex. Test with a 90% level of confidence that M > 60, with -- probability a score is in
the confidence interval containing the mean.

e E, error -- the maximum distance from the mean that still places a score within the
confidence interval . (See above image.)

Hypothesis Testing

Your mother, the math teacher, says your fish
are getting too big.

She says, ""They were on average 70 mm long
when you got them. You've been feeding them.
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Statistics: Much Vocabulary and Images, Little Computation

They've been growing. They are getting too big
—|/ for the tank."

You say, ""No. They are fine. They're still on average 70 mm long."

"Ok. We need more information," said the mother. ""One of my former
students sold us the fish. He was really into statistics and wrote some population
parameters on the receipt which I kept."

"Your fish tank population mean length was 70 mm, which you already knew.
The population standard deviation was 12 mm and you got about 80 fish."

"Take 36 fish for a sample. Measure them as accurately as you can. We'll
assume the population is normal and you can run a Hypothesis Test so we can
make a judgement based on statistics. Here's a formula for your test statistic.
When you finish, we'll see about the fish."

1

g
v

You have no idea what she's talking about!

Itest -

Before examining how to complete a hypothesis test, examing closely the
picture below. Click on the picture to enlarge it.

4 <2 /2
by " W
k k

Hyip=k Hyip =Kk
H,]:p::k H,]:p*l(
one-tail test two-tail test

Old Symbols:

population mean, M (mu),

population standard deviation, I (sigma),

z, the standard normal variable

X (alpha) - the area under the density function which is not in the
confidence interval.
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Statistics: Much Vocabulary and Images, Little Computation

Sometimes alpha is in the two tails and other times alpha is only in one
tail.

New Symbols:

e k-- constant, like 70, ex. M =70

¢ hypothesis (no symbol) -- a theory or statement which may or may not be
true

e Hj--read as "H 0" -- the null (original or beginning) hypothesis

e H;--read as "H 1" -- the alternate (new) hypothesis

A hypothesis test is a procedure by which a hypothesis (or statement) which
one believes to be true is tested statistically against another hypothesis already
in use.

Before clarification of this, some questions.

Questions.  Swipe between the stars to see the answer.

1. In the fish tank story, write the tank owner's hypothesis in symbols.
* *

2. In the fish tank story, write the mother's hypothesis in symbols.

* *

3. Will the test be a one-tail test or a two-tail test? * *
4. Use the image Common confidence intervals which you have seen before.
Find and state the number that is labeled z_;¢;ca at the 95% confidence

level.* &

5. Use the image Common confidence intervals which you have seen before.
Find and state the number that is labeled z ;a1 at the 99% confidence

level.* *
6. Where did these z;ca N'umbers come from before they were put on the

image?
* * See it.
e 4 ef2 /2 o
% > < < At the left additional z-critical
0 0 0 values are listed.
Ho =1 Ho Hq =1 Ho- 11 =4z
Hy by =iy Hy oy Fu, Hy by > 1y They were also retrieved from
o |zcritical a | zcritical a | zcritical the probability table.
0,10 -1.28 0.10] *1.65 0.10 1.28
0.05| -1.85 0.05] *1.96 0.05 1.65
0.01] -2.33 0.01] *2.58 0.01 2.33

Here's where we are so far:
o A hypothesis test is
a procedure by which a hypothesis (or statement) which one believes to be
true is tested statistically against another hypothesis already in use.

o The population is normal. o X - as yet undetermined.

« =170 &4
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Statistics: Much Vocabulary and Images, Little Computation

We will use =.01,0r 1%
o« T =12 Level of confidence is 99%.
o N = 80, approximately Zeritical = 2-33
° HO = 70 e N= 36
° H]. > 70 o Ztest :????

Must compute the z;.

. _ X-}
test g __
v 11

The calculator below has been provided to do the computation for you. Please
use it to compute z.;.

Compute z-test.

Complete the computation by entering the values and pressing the buttons.
Enter negative two as "-2."

(10 - 16 )
_ X-¥
Ziest o
v =
da s )
SO, z-testis

t“: M z;?ga As soon as you realize z is not

A in the confidence interval but out

fujed ", in the tail, the alpha region, larger
than the z_(icap, YOu know it's

=5 ‘ likely your mother was right, with
=2.5 <) helroy e 5 99% confidence.

Witk 599 Crnfidomcn oot Ha meam i
YRalpe Hrarve 70.

But you could be right.

Thereare two kinds of statistical
errors with a hypothesis test, Type
I and type II.

Type II error means '""When the
null hypothesis is false, you do not
reject it."
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THE FACTS

Ho is true. Ho is false.
L
He
= Type| | Correct
§- error decision.
Dx
=
= §
= Correct Type I
i decision.
¢:>§ error
NS
/27 o= Hpt U=
.sg% ‘(.5 o H'(' )“#"70
g g [ D
-ast ML deetsdm Md%
2%-?‘0_}4,15'_';2d%:3_5-
™ T

RhLisne , SZE Mok W maam ia 70,

J-\'ul}":'?ﬂ
H,: M >70
=95
o = ‘PVG&M %-les;r
233’% 00607679 Neject

n-:r*malc,dF(E S, 18

uoul 5952895?99

() SFREVIEIZE]L
D etas  Fi388 ngidud

Type I error means "When the
null hypothesis is true, you reject
the null hypothesis." This would
be the case if the mean fish length
were 70 mm as you believe, but the
test results indicate that your
mother's hypothesis that the mean
is greater than 70 mm was the one
indicated.

You did not but could have
made a math mistake in choosing a
two-tail test rather than the one-
tail test you chose for your test.

Notice on the left a new symbol
has been introduced in blue.

It is the "p value," the
probability a score is in the
extreme of the test statistic.

P VALUE — probability that a score
. isin the extreme
of Z st

p value

Z test 0

You can get the p value using either your calculator or the Cumulative Standard

Normal Distribution.

There are many different hypothesis tests because there are many situations
in which new information or verification is desired. We have been looking at a
Z-Test for Normal Density Functions. For additional information on how to run

a test see Hypothesis Testing.

Before continuing, a summary of a test is needed. You need:

e areason to run the test.
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Statistics: Much Vocabulary and Images, Little Computation

Perhaps, you believe a
mean is incorrect, you think
2.5 % that two means or two

probabilities (as in "70% of
males," vs ""42% of
, females') are different, ...

il FENe O e %, . :ll::csllitis a1t1;(f)<:1rmatmn about
A N Y (P ’

endiced  Conpidadadmd  “Trigicd o to decide if a one-tailed or
negAon Ho agpom-  naghom two-tailed test is needed.

e to compute a test statistic.

+he naul of 3 "-Mﬂﬂfﬂwl“% Pr sP23B o to compute either 7 iy OF

ho? p=0 ot p=0 o* M0 a p value.
a.u.:.f‘: '”{'}3 [ 2-42;1: .;jga Pz 2”4;;";,-33,‘,3 ¢ to make a decision about
e : ’
I'Uje:tﬁ.* Ko l fadts ruject Ho  Tui€ct Ho your hypothesis.

Now, examine other hypothesis tests the web page, or, HYPOTHESIS TESTS

pdf file or video about the HYPOTHESIS TESTS pdf file, yes, a video about a
pdf file, filed with other videos.

You have completed ""A Year of Statistics in an Hour or Two." Stay safe. —-A?

Vocabulary
e k-- constant, like 70, ex. M =70

e HYPOTHESIS (no symbol) -- a theory or statement which may or may not be
true

e HYPOTHESIS TEST - a procedure by which a hypothesis (or statement)
which one believes to be true is tested statistically against another hypothesis
already in use.

e NULL HYPOTHESIS - H, -- read as "H 0" -- the null (original or beginning)
hypothesis

o ALTERNATE HYPOTHESIS - H; -- read as "H 1" -- the alternate (new)
hypothesis

e ONE-TAIL TEST - used when the alternate hypothesis, H;, is M 3 k, where k
is the null hypothesis mean.

e TWO-TAIL TEST - used when the alternate hypothesis, Hy, is M >k or M <k,
where k is the null hypothesis mean.

o Z-CRITICAL - Z_ica) -- the boundary value(s) which end the confidence
interval.

e Z-TEST -- the evidence used to accept or reject the null hypothesis, usually
computed from sample data.
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test statistic,

- usually takes a form similar to

(observed "new") - (expected "old")

(test) =
(standard error)

as in:

1

- p

ztes-:t =

A

e TYPE I ERROR - "When the null hypothesis is true, you reject the null
hypothesis."

e TYPE Il ERROR - -- "When the null hypothesis is false, you do not reject it."

Hypothesis Testing Errors
THE FACTS
Hois true. Ho is false.

_r .

E§ Type | Correct

- error decision.

=

¢

|S§ Correct Type Il

é}g decision. .w“-:,

~ 38

o P VALUE - the probability a score is in the extreme of the test statistic.

P VALUE — probability that a score
is in the extreme

of Z ot

Z test 0

Just vocabulary.

Vocabulary

e A -- ALTERNATE HYPOTHESIS, ANALYTICAL STATISTICS, AREA
UNDER THE CURVE, AVERAGE,

e B-- BAR GRAPH, BELL-SHAPED CURVE, BINOMIAL, BOX &
WHISKERS PLOT,

e C--CAPITOL SIGMA, CENTER, CHEBYCHEV'S RULES,
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COMBINATIONS, CONFIDENCE INTERVAL, CONTINUOUS ,
COUNTING METHODS, CUMULATIVE STANDARD NORMAL
DISTRIBUTION,

e D--DATA, DEPENDENT EVENT, DISTRIBUTION, DISTRIBUTION,
DISTRIBUTIONS,

e E ¢, E. error, EVENT, EXPECTED VALUE, EXPERIMENTAL &
DESCRIPTIVE STATISTICS,

e F--FACTORIAL, FAILURE, FREQUENCY, FREQUENCY,
FREQUENCY DISTRIBUTION, FREQUENCY DISTRIBUTION,
FUNCTION,

e H -- HISTOGRAM, HYPOTHESIS, HYPOTHESIS TEST,

e [ -- INDEPENDENT EVENT, INNER-QUARTILE RANGE, INTERVAL,

e K --k -- constant,

e L --LEVEL OF CONFIDENCE,

e M -- MEAN, MEDIAN, MODE,

e N -- NORMAL DISTRIBUTIONS, NULL HYPOTHESIS,

e O-- ONE-TAIL TEST, ORDER COUNTS, ORDER DOESN'T COUNT,
ORDERED DATA,

SIZE, PROBABILITY, PROBABILITY DISTRIBUTION F TION,
PROBABILITY OF AN EVENT,

e R--RANDOM SAMPLE, RANDOM VARIABLE, RANGE ,

e S--SAMPLE, SAMPLE SIZE, SAMPLE SPACE, SAMPLE STATICS,
SPREAD, STANDARD DEVIATION, STANDARD NORMAL
DISTRIBUTION, STANDARD NORMAL TABLE OF
PERCENTS/PROBABILITIES, STAT SYMBOLS, STATISTIC,
STATISTICAL POPULATION, STATISTICAL SAMPLE, STEM-AND-
LEAF DIAGRAM, SUCCESS, SYMMETRIC,

o T--THEORETICAL STATISTICS, TREE DIAGRAM, TWO-TAIL TEST,
TYPE I ERROR, TYPE II ERROR,

e V--VARIAVCE,

e W-- WITH REPIL ACEMENT, WITHIN A SPECIFIC STANDARD
DEVIATION OF THE MEAN, WITHOUT REPL ACEMENT,

o 7Z--z,Z-CRITICAL, Z-TEST
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