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LEARNING OUTCOMES

Understanding Hypothesis Test.
Understanding Data Quality.
Understanding Tailed Test.
Understanding P-Value.
Understanding t-Distribution.
Understanding t-Test.
Understanding Chi-Square Test
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Lecture ||
Hypothesis Test MIDOCEAITI;

Hypothesis test is a procedure for deciding whether the results of a research study

support a particular theory which applies to a population. A population is the collection

of all items of interest to our study and is usually denoted with an uppercase N.

Null Hypothesis H

s Fxclusive

—

» True/False Answer

Alternative Hypothesis H; _
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Hypothesis Test MIDOCEAITI;

When rejecting that the email is not spam, accepting that the email is Spam. Otherwise,

when accepting that the email is Spam, not accepting that the email is Ham, simply there

are not enough evidence prove that this email is Spam.

Null Hypothesis H,
Baseline

- Alternative Hypothesis H,
What we want to prove

Spam
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Plenty of evidence against Hy — Reject Hy and accept H4

Earn extra cash

Apply Now
Risk Free

— Very unlikely under Hy — Reject Hy and accept Hq

Win Lottery __
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Ideally, we would like to always make the perfect decisions, Unfortunately, this is
impossible to guarantee due to the randomness of the world and the fact that we only have

partial information from the population.

Sending the Ham email % Sending the Spam
to Spam folder X email to Ham folder

" Type I Error #" " Type II Error
False Positive False Negative
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Hyp othesis Test

H, True (Not Spam) | H, False (Spam)

Type I Error

.. Correct
False Positive

Reject H, (Decide spam)

Type II Error

Do not Reject Hy (Decide not spam) Correct TRk s

Sending a ham email to the spam box is worse than sending a spam email to the inbox

Type I Errors are more severe than Type II Errors
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How many times are you willing to incorrectly send a ham email to the spam box in order

to have a good spam?

Type I Error The maximum probability of Type I Error —significance level (a)

False Positive . : . C
The significance level (@) is the probability of rejecting the null

hypothesis (Hy) when it the null hypothesis is true.

Ham email classified Emails are always

Spam

to be Spam emails
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Hypothesis Test

0

Emails are always Ham Emails are always Spam

Small a= 0.05
a = max P(Type I Error)

a = max P(Reject Hy|H,)

NO Type I Error True g Type I Error for every
Ham email
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Reliable Data

|
1 1 1

Representative Randomized Sample Size

Represent the population of  Choose in random order Sample size is enough to
the experiment. from the population of the  obtain an accurate results.
experiment.
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observed statistics

X X2 X3 X4 X5 X6 X7 X8 X9 X10 \
X =173.7

The mean heights of the 18-year-old of the Egyptian in 90s was 170.5 cm \

X =—

Test statistics 4/

10
Hy: n=170.5vsH;: p > 170.5 _ 1 ZX'
10
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Lecture I |

The mean heights of the 18-year-old of the Egyptian in 90 s was 170.5 cm

Right-Tailed Test == H,: 1 = 170.5 vsH,: > 170.5

Left —Tailed Test =————————> H,: n=170.5vsH,;: n <170.5

T'wo —Tailed Test =% H .. u=170.5vsH{: p + 170.5
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Lecture I |

The mean heights of the 18-year-old of the Egyptian in 90 s was 170.5 cm

Right-Tailed Test == H,: 1 = 170.5 vsH,: > 170.5

170.5

_ reject
X > 170.5— H,
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The mean heights of the 18-year-old of the Egyptian in 90 s was 170.5 cm

Left—Tailed Test = H,. u=170.5vsH;: p <170.5

NS

170.5

_ reject
X «K170.5— H,
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The mean heights of the 18-year-old of the Egyptian in 90 s was 170.5 cm

Two—Tailed Test = H,. u=170.5vsH,: p+#+ 170.5

reject
X «170.50r X » 170.5=— H,
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P-Value is the probability under the assumption of no effect or no difference (null
hypothesis), of obtaining a result equal to or more extreme than what was actually

observed.
Hy: pn=170.5vsH;: > 170.5 GOAL: Type I Error probability < a = 0.05

0 Type I Error determine > 170.5, when
73.7 population mean did not change.

P(X>173.7 | p = 170.5)

L\ :0.00038 < a

/ ‘ 7 Z = 3.37
170.5  173.7 = 1—0.99962 = 0.00038

rd Conclusion: Reject H
Null Hypothesis
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Z statistics
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Steps of Performing M|DOCEAI\]
10 Hypothesis Test

1. State the hypothesis:
* Null Hypothesis: the baseline - H,
» Alternative Hypothesis: the statement we want to prove = H,

Design the Test:
* Decide the test statistic to work with - X
» Set significance level usually - a = 0.05

Compute the observed statistic based on samples = X
Reach a conclusion:
* P-Value < a reject H,

» P-Value > ¢ accept H,
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The T-distribution, also known as the Students T-distribution, is a type of probability

distribution that is similar to the normal distribution with its bell shape but has heavier tails.

X — Ko
Used when @ is Unknown T = replace @ with its estimate S

S
\ /vm
T statistics
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The degree of freedom (v) illustrate the number of values involved in a calculation that has

the freedom to vary.

(v) is a parameter to control how heavy the tails are.

Increasing (v)
)
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n=10-v=10-1

The degree of freedom (v)= sample size — I=n — 1

T-Statistics is used when the population has a normal distribution with unknown (o)
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The t-Test is a statistical test that is used to compare the means of two groups.

Hy:There is no difference between two groups

H :There is a difference between two groups
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How much variation in the sample (6°):

o1 9

_|_
ny, n,

1.52% 1.92%

o+~ =0.462 +0.737 = 1.199

Standard deviation (6)=Vo? =+1.199 = 1.095

_1“’1_1“’2_4'4_3'8_
t — Value = = 7199 = 0.5
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Degrees of freedom (df) ; k : ! : 0.001 0.0005

O 0N O 01 & N0 =

—
o

Degree of freedom=10-2=8
From the t-table, t-value must be over 2.306

t-value =0.5 < 2.306

Then we can not reject null hypothesis
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Chi-Square Test is a statistical method of calculating whether variations in data are due to
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o
-

one of the tested variables, or due to chance.

The purpose of chi-square testing is to compare

Lo PR A S N

calculating their statistical significance

/—b Observed

(0-E)*?

E'EESSEEE-LE'-EREEHHEH

Chi-Square =
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The complement rule P(AH)=1-P(A)

The Sum of probability (Disjoint-Events) The sum of all probabilities

Sum of Probabilities (Joint-Events) The sum of probabilities subtracted from Joint events

Conditional Probability P(ANB)=P(A) X P(B|A)

P(A) X P(B|A)

P(A) x P(B|A) + P(A") x P(B|A")
Bernoulli Distribution X~Bernoulli "Bern” (p)
Binomial Distribution X~Bionomial "B" (n,p)

Ae 4

y!

10 Probability and Statistics

Bayes Theorem P(A|B) =

Poisson Distribution P(y) =
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Subject

n
The Mean 1/nZXL-
i=1

2

Variance o The average of the squared differences from the Mean

The Standard Deviation o | 62

Normal distribution X~Normal "N" (u,c%)
X—u

Standardization

Z-Score
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Subject

:)_{—ﬂo
S/\/ﬁ

G B T T

n—1

n
1 _
Estimate of SD Z (X; — X)?
i=1
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