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Sampling from a Finite Population

Definitions
Population
* Entire collection of observational units we are interested in

* Relates to the \)MW“E/

Sample
* A subset of the population

e Relates to the 5;[-_-{."34(';

Generalizations
* Not only to describe a sample, but to generalize characteristics of a sample to a much
larger population

Sampling
A sample is considered to be a f({b/‘“""h‘["”» sample if it is like or represents the whole
population from which it has been drawn.

|
e Would our class be representative of all UNL students? A/().

Bias is when a statistic gom'x'ﬂ(n“? overestimates or underestimates the population for
the parameter of interest.

e Would asking UNL students enrolled in 8 am classes if they are morning people be
representative of all UNL students?

Sampling Methods
~— 1. Convenience Sampling
* Go and pick out a set of observational units
* Not a very good way to select a sample because this will introduce b""f
* Example: taking surveys outside of the cafeteria

2. Simple Random Sample SO\B
* Every population member has an equal probability of being chosen
* Allows usto M\/wa'fze, our results to the entire population
* Choose individﬁals randomly from the sampling frame and each individual has
the same chance of being selected
* Sampling frame: |b!¢ of all individuals in the population of interest
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Example 1: Researchers at UNL are looking for student feedback (approval/disapproval)
regarding an upcoming project. They set up a table outside of each dorm hall and ask passing
students for their input. The volunteers at the table talk to any student who is interested in
providing feedback. > all skl o) UL
* |dentify the foII_owing S ek P,,P_”;w] of shdrts ob oL wlhe °WM
* Population: )/ of  fle ?//]«:’r
* Parameter of interest:
«  Sampling Frame: &4+ of ot sqls ot U/t
e Sample: —5 shlafy Ll _j.,]k«/ Jo -|-1(_ velvadetss
* Potential Bias:
M W | @ Hoe ob./v’\S/ o o of ﬁ,’.F v 5W+‘)
Example 2: A busSiness magazine mailed a questionnaire to the human resources of all the
Fortune 500 companies and received responses from 23% of them. Those responding reported
that they did not find that such surveys intruded significantly on their workday.
* Identify the foIIowing/'.7 AH HQ Jqo-/’fwﬂh e} F, SO0 O,m’w"t)

* Population:

- Parameter of interest: <7 9,,?«/%4 of Hst o 57 fle %] fo
* Sampling Frame: — corfac} i Jivan @/ HL ot 54*”# o
© Sample: — Juge wh vspm e worledng
& * Potential Bias: A
o Wi~ [, 500 eapins (if ;w,«qu)/ Posc who  dak mply
Example 3: State police set up a roadblock to check cars for up-to-date registration and
insurance. They usually find problems in about 10% of the cars they stop.
* ldentify the following: - «l] ces) "
*  Population: oo of  (ass  \ith  Ssed
* Parameter of interest /7 s \"?
« Sampling Frame: —) all ows 4} ae an J o
* Sample: -5 ov5 Ay e Si-rpt‘)
% * Potential Bias:
o) I ¥ N clekgmnt
Inference for a Single Quantitative Variable

Definitions
Summary Statistics: statistics calculated from a sample that provide numeric information about
the sample
* Mean/ Average
* Add up all the values first, then divide by the total number of values
* Median
* Half of the data is above, half is below
* “Middle” value when data is ordered
*  Outliers: unusual data points

A summary statistic is called POL’V)‘\' if its value does not change much when outliers
are included
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Example: Suppose that the following values are observed. Calculate the mean and median.

8 10

11

12

15

1

8

9

gr10 &1 4. ¢4

&

-—
—

|0

7,%,9,9,10,1,13,15
A

9

5

Suppose that instead of 15, the value 30 was observed. Calculate the mean and the median.

p—
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Note: The standard deviation will 1/1¢/5¢

Symbols

Mea = 1|. §76

Sample mean: X (observed statistic)
Sample Standard Deviation: s
Population Mean: u (hypotﬁﬁgzed value)

Population Standard Deviation: o

Mefen
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Review: ngM«
Quantitative Categorical
Population U r/m l/\\ Tt
Sample X p

Analysis of a Single Quantitative Variable
Variable of Interest:
* Number of ... context, quantitative

Parameter:

At

Ve ok

“The long run average...context” (u)

cmlext

— A —

if an outlier is added to the data set.

o adles
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Hypotheses:
*  Words:
* Null: The long-run average ...context... is equal to previously known #.
» Alternative: The long-run average ...context... is greater than/ less than/
different from previously known #..
s Symbols: e AN = ‘O
* Hy:u = previously known #
H,:u >, <, # previously known # H4 U ?( 0

Example: Suppose you are interested in whether the average number of bikes sold at a store
per day is less than 20
r7_—=7

* Variable of interest: number of bikes sold in a day, quantitative
* Parameter: the long-run average number of bikes sold at the stors‘(u)

fﬂuo)q?.

* Hypotheses

*  Words
* Null: The long-run average number of bikes sold at the store is equal to
20 2
* Alternative: The long run average number of bikes sold at the szore is less
than 20
* Symbols M = 0
. HO: / -

*He e L0

For the purposes of our class, we will not use the simulation approach for quantitative data
because we do not have coin flips or spinners to model quantitative data. This means that we
will not calculate p-values.

Theory Based Approach (Quantitative)
We need to satisfy at least one of the following conditions to use the theory approach.

[- * The quantitative variable should have a symmetric distribution

9. © Samplesize 2 20 and sampling distribution is not strongly skewed

5

Standard Error = in where s is our sample standard deviation SE = —

" Un”

Standardized Statistic = = = *5
SE =
r

X —m (X =w)

SE (S/\/;V> . . . e o
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Standardized Statistic for Quantitative Data
Remember that the standardized statistic calculates how many standard deviation from the null
value that the statistics falls

* For quantitative variables:

& . ) o sample mean — null value X — Uo
12 z = Standardized statistic = =

Jot T

standard deviation of sample mean &
n

I Btlaws  Shabrd  vvind]  Jiohitben
Since o is not usually known, we use the sample standard deviation (s) to approximate the
v ) standard deviation of sample mean
N \@W""‘ This approximation is called the standard error (SE) of sample mean
o

L

e t=standardized statistic = x;” .Cdllom 72 0)[)«[—"\1/4!;”\

n

Like with the normal approximation, we need a reference distribution. With categorical data,
we used the z (standard normal) distribution. Since we are now using the sample standard

deviation, we need to use the t distribution instead of the z distribution ’|T’¢ 0.2
Standard normal /\
distribution (Z-distribution)
—~—
o)

t-distribution

One Quantitative Variable

S
SE = — « this is our new denominator for standardized statistic
n

f —
Standardized Statistic =t = — s
Vn
Note that the cutoffs are the same as Chapter 1: “outside the 2’s -> reject”

— — SN -2 2
Example: You observe the bike sales for 30 days to find the average number of sales to be 19.5,
with a sample standard deviation of 2.1

H[.lZZO )q.S’QO —)—< - ,q'j
Hz:u<20 JQ-’ - = ~1.30 w = Jo
S/‘/_? S 2l

5 =9

;TR H, n = 30
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A
Conclusion: “We have evidence to conclude the long run average number of bikes sold

at the store is \-653 MW\ 20

Errors and Significance

With all our hypotheses, we made assumptions about the null hypothesis. Our statistic
provided strength of evidence.

Strength of evidence
* Calculate p-value- Probability of our observed statistic happening given the null is true.
* p-value < 0.05 — Reject the Null (suggests the alternative)
* p-value > 0.05 - Fail to Reject the Null

However, some of the null distribution was true even when we rejected the null hypothesis.
How do we classify the instances when we are wrong? Recall the Buzz and Doris example.

Hypotheses:
* H,:Buzzis just guessing.

* H,:Buzzis not guessing (i.e. they are communicating).

Type | Error
. H«\r the null hypothesis, but in reality the null is actually ‘IWL

* False alarm — believe we have discovered a difference when no difference exists
* What would a Type | Error look like for the Buzz and Doris scenario? . -
Ho . /”/— O’S

* We conclude that Buzz is not guessing, but he actually is guessing [J . [[\r
A - 2 O~S

Type Il Error
. \:\(‘\ s Mul'fd' the null, but in reality the null is actually ‘&ZS(—
* Missed opportunity — failing to detect difference that is there
* What would a Type Il Error look like for the Buzz and Doris scenario?

* We conclude that Buzz is guessing, when Buzz is actually not guessing

P\UJ]‘C e eyaw\‘i{,

| bod 4§ ©> echuly 0974,
HO' (“/Z d‘S — ‘CT‘\

If,: W eos ld /\gfﬂl o’
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Actuality
Null True Null False
) Type | Error
Reject Null | (significance Level ) gt
Conclusion
Fail fo Correct Type |l Error

Reject Null

In reality, we never know if we made an error or not. However, we can control what we want to
happen: significance level and power.

Significance Level (o)
o (alpha) is our “threshold” for p-value (we have been using 0.05).
* How small a p-value needs to be to provide convincing evidence to reject the null

hypothesis \‘\o l‘-),zj , /”/ P /ﬂ/a

* p-value< a — Reject Hy
* p-value > a - Fail to Reject H
(PR

Example:
* If a=0.05, then for a p-value of 0.07, we will fail to reject our null.
* Ifa=0.10, then for a p-value of 0.07, we will reject our null.

This value changes depending on the study, your discipline, etc. Consider a significance level of
0.1. This means, that if the null is really true, 10% of random samples would produce a sample
statistic that is extreme enough to reject the null hypothesis.

a = Probability of Type | Error

* The SV"“” o it is, [6‘33 likely to make a Type | Error

M
* As the probability of a Type | Error goes ) , the probability of a Type Il Error goes EE
Power 5L

Power is defined as the probability of rejecting a null hypothesis. The calculation of
power goes beyond the scope of our class, but we want power to be as high as possible.

\Ao Power =1 — P(Type Il Error)

o~
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Actuality
Null True Null False
) Type I Error

Reject Null (Significance Level) POWER

T ee———
Conclusion
Fail to Correct Type II Exrror
Reject Null

Example: Suppose you are implementing an algorithm that detects fraud on credit cards. From
the gathered information, you decide to test the following hypothesis:

* Hj: No fraud detected
* Hy: Fraud detected

In context, describe the impacts of each type of conclusion.

* Reject the null when the null is true (what type of error is this?)

Tﬁ(zl- I eslv/  — S—;L‘«c Va«ﬁ."\‘\/‘L LAJJ o[([eq-t;ow

* Reject the null when the null is false

W wes La./J (Cv//“+)

* Fail to reject the null when the null is true

Mo Lfa‘/«) J{-]{dru) } e wa‘} Wm'ﬂru)

* Fail to reject the null when the null is false.

/I/l M() was C/tcl((,-\tej lomQ —C&/‘/ CMN\H{J
(Q/(ml‘fu[ wa's SMSS’CV‘ )
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