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What s a
Hypothesis Testing
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However when you are going to
make a decision, you heed to a
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Data Sci

In X% of the cases, the tve para
~in the confidence interual
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Data Science Course

Formulate a

hypothesis

Find the vight
Yest
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"A hypothesis is an idea that
can be fegted"
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and former emloyees rate their
emplyers and the C-level managment.
All data is self-reported.

Mean data scientist
salary in the US is

$ 113,000 k
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B, 1, # 113,000
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EXAMPLE

uo = 13,000

Accept- if: X isclose enough 1o the tyve mean

Reject if: X istoo far from the tyve mean
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EXAMPLE
Hy: 1, = G 113,000

&
TWO-SIDED TEST

YOU CAN ALSO FORM
ONE-SIDED TESTS
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Dude, | think data
scienists make move
Hhan $12S,000)!

Hm...
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> ¢ 125,000 Q

TR <L - 125 000
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> 125000 [

RN < . 125,000
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R < - 125,000

INNOUATION
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Significance Level
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The probability of rejecting the

null hypothesis, if it is +vve.
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Data Science Course

B ¢ =

H, i, < Gsoo0

Yejection region

-“1.64S8

Iif 2 ¢ 1.645, we Wwould rejectthe null hypothesis

25
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Data Science Course

H :up >70%

If ¥he test statistic is bigger +han the cut-off 3-score,
we Wwovuld reject the null, otherwise we Wwouldn’+.

rejection region

J

26
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Errors In
Hypothesis Testing
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False posi-\-iue
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Data Science Course

o : She doesn't like you

33
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Data Science Course

invtred her

missed youy chance

34
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Time to see some
examples
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Re-visit the Data Scientist Salary problem

A B C D E F

Test for the mean. Population variance known
Data scientist salary

Dataset
117,313 Sample mean $ 100,200
104 002 Population std $ 15000
113,038 Standard error $ 2739
101 936

84 560 Sample size 30
113136

80,740
100 536
105 052

87.201

04,968 HO: Lo = $ 113,000

90 745
102 848
85 927
112276
108 637

2w Hi:pe +#$113,000

114 564
109,714
108 833
115205
89 279
81,720
89 344

1
2
3
4
5
6
7
8
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

POV OLVLVVLVLVLOLOLOLLDOLDOLVOLDOLDOVLDOYLDOYDDn
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B C D E F

Test for the mean. Population variance known

N 2-tadle
Data scientist salary

The table summarizes the standard normal distribution critical values and the corresponding (1-a)
Dataset

¥ 00 0.02 003 004 003 009

117 313 Sample mean $100,200 : T
104,002 Population std $ 15,000 °L
113,038 Standard error $ 2739 zy pe
101 936 o4l 065t

84 560 Sample size 30 g: ki

15100 05219

113138
80 740
100 536
105,062
87,201
91 986
94 868
90745
102 848
85,927
112276
108 637
96,818
92 307
114 564
109714
108 833
115 295

Z -> standardized variable associated with the test called the Z-score
7 -> one from the table and will be referred to as 'the critical value'

EEIREPERY

P OO ®e e
“ g 5

EEEEEEREERER
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Test for the mean. Population variance known
Data scientist salary

Dataset
117 313 Sample mean $100,200
104 002 Population std $ 15000
113,038 Standard error $ 2739
101 936

84 560 Sample size 30
113,136

80740

100 536

105,052

87,201

91,986

94 868

%0745 100200—113000

102 848

85927 e— P 4 6 7
112276 e — 3
22 2739

96 818

92,307

114 564

109.714

108,833

115205

2
3
4
5
6
7
8
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Now we will compare |-4.67| with za/2
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Test for the mean. Population variance known
Data scientist salary

—Dataset Decision rule:
117313 Sample mean $100,200 H

104 002 Populationstd  § 15,000 Reject if: absolute value of Z-score > positive critical value (2)
113.038 Standard error $ 2739

101 936

84 560 Sample size 30

113136

80 740

100 536

105052

87 201

91 966

¥ 7

102,848
85927
112276

‘%810 467 > 1.96 =>werejectthe null hypothesis

92 307
114 564
109,714
108 833
115,205
89 279
81,720

At 5% significance level we have rejected the null hypothesis
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p-value
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WE KNOW

¢/ How Yo Fest hypotheses
W/ How o reject them...

‘/ ... a¥ vaxous levels of
sianificance

»
Mmoarma /PN s S
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P-IALE < (X

\ Test atqo%: 0.0001¢0.1 ReEJECT

Test at95%: 0.0001¢0.0S == >

THE NOLL
RYPOTHESIS

Test at99%: 0.0001 < 0.01
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Test atr 95%: ﬂ o

Test at99%: =>

g,:.

46
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est for the mean. Population variance unknown

Email spying example

Open rate
26%
8%
2%
49%
2%
59%
2%
29%
5T%
40%

Sample mean 31.70%
Sample standard dev 13.74%
Standard error 4. 34%

Null hypothesis value 40%

1t _
a

37.70%-
4.34%

40%

=-(.53
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4

0025 001 0.005

IO N OO & WN -

12706 31821 63657
4303 6965 9925
3182 4541 5841
2776 3747 4604
2571 3365 4032
2447 3143 3707
2365 2998 3499

-~

2262 2821 3250

-

1
1
1
1
1
1
1
1
1
1
1

-

2228 2764 3169
2201 2718 3106
2179 2681 3055
2160 2650 3012
2145 2624 2977
2131 2602 2947
2120 2583 2921
2110 2567 2898
2101 2552 2878
2093 2539 2861
2086 2528 2845
2060 2485 2787
2042 2457 2750
2030 2438 2724
2021 2423 2704
2009 2403 2678
2000 2390 2660
1980 2358 2617

1960 2326 2576

b

T — X—H 37.70%—-40%

¥ A 4.34%

degrees of freedom=n-1=

0.05 one-sided significance

9

-0.53
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est for the mean. Population variance unknown
Email spying example

Open rate
26% Sample mean 37.70%
23% Sample standard dev 13.74%
42% Standard error 434%
49%
23% Null hypothesis value 40%
59% T-score -0.53
29%
29%
57%
40%

T t
0,53 < 1.83 => we accept the null hypothesis

Decision rule:
Accept if: The absolute value of the T-score < critical value t
Reject if: The absolute value of the T-score > critical value t
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est for the mean. Population variance unknown
Email spying example

Open rate
26% Sample mean 37.70%
23% Sample standard dev 13.74%
42% Standard error 4.34% One sided
49% t-stat 95% 1.83
23% Null hypothesis value 40%
59% T-score 053 L.
2% Our decision based on the p-value
57%
40%

p-value = 0.304> 0.05 => we accept the null hypothesis

Decision rule:
Accept if: p-value > Q
Reject if: p-value < @
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Test for Multiple
Populations
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B | C D E

Test the mean. Dependent Samples
Magnesium levels example

Before After Difference (B -A)
2 17 03 Sample mean 033
14 17 03 Standard deviation 045
13 18 05 Standard error 014

11 13 02

18 17 01

16 15 01

15 16 01

08 17 . 1.Small sample

156 24 09

2. We assume normal distribution of => t-statistic
the population

3. Variance unknown

d-po  _ =033-0 _ , 59

~ St.error 0.14
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est the mean. Dependent Samples
Magnesium levels example

Before After Difference (B -A)
- A Y | 03 Sample mean 033

14 17 03 Standard deviation 045
13 18 05 Standard error 014
11 13 02
18 17 01 T-score 229
16 15 01 p-value 0024
15 16 01
07 17 1
09 17 08
156 24 09

5% significance 0.024 <0.05 =>reject the null hypothesis
1% significance 0.024 > 0.01 => accept the null hypothesis

Decision rule:

Accept if: p > a
Rejectif: p<a K Researcher should be very cautious

Magnesium pill:

2. Medicine entails more precise tests

3. Increasing sample size always leads to a better study
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OUT‘PE\Z'?O\ZMS ENGINEERING

BY 4% \\ '[__1
——

ENGINEERING MANAGEMENT
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B L U L

| Test for two means. Independent samples, variance known
University example

Engineering Management Difference
Size 100 10 7
Mean 58% 65% 7.00%

Population std 10% 6%  123% <

Hypothesized diff. 4%

z-statistic

Big samples

Known variances

t-statistic —— Standard Error

Small samples

Unknown variances
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| Test for two means. Independent samples, variance known
University example

Engimoring Managomom Difference
Size 100 70 ?
Mean 58% 65% -7.00%
Population std 10% 6% 123%

Hypothesized diff. 4%
Z-score

_CTW=(4%) _ 5 ag

1.23%
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B C ») E F )
| Test for two means. Independent samples, variance known
University example

Englnoon’ng Managomem Difference
Size 100 70 ?
Mean 58% 65% -7.00%
Population std 10% 6% _123%

Hypothesized diff. 4%
Z-score
p-value

0.015 <0.05 => werejectthe null

There is enough statistical evidence that the mean difference is NOT 4%
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B C D E F G H | )

| Test for two means. Independent samples, variance known
University example

Eninocrin Manaomem Difference
Si 100 70 ? ® . .
- ] rejection region

Mean 58% 685% -7 00%
Population std 10% 6% 123%

Hypothesized diff 4% a"-" 0.0S
Z-score 2 44 \
p-value 0015

Is the difference higher or lower than 4%?

; The sign of the test statistic shows if the mean is
lower or higher than the hypothesized value

65
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iPhone Price
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esting of two means. Independent samples, variances unknown but assumed to be equal

Apples example

NY apples LA apples

380
376
387
399
402
425
413
398
399
362

S
$
$
S
S
S
S
S
S
$

;S eV s

302
322
324
302
306
315
381
344

NY LA

Mean $394 S§$325
Std. deviation $018 S$027
Sample size 10 8

Pooled variance 005
Pooled std 011

0.05+ 0.05_011
10 g
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esting of two means. Independent samples, variances unknown but assumed to be equal
Apples example

NY apples LA apples NY LA
380 302 Mean $394 $325

376 322 Std. deviation $018 $027

387 324 Sample size 10 8
399 302

402 306 Pooled variance 005

425 315 Pooled std 01

413 381

398 344

399

362

@BV Ve
L R R T T T T

d—ig  0.69-0

t-statistic — = 6 E S 3

St.error 0.11

Small samples
Unknown variances

Degrees of freedom = combined sample size - number of variables =10 +8 -2 =16
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Testing of two means. Independent samples, variances unknown but assumed to be equal
Apples example

NY apples LA apples NY LA
380 302 Mean $394 $§$325

376 322 Std. deviation $018 S$027

387 324 Sample size 10 8
399 302

402 306 Pooled variance 005

425 315 Pooled std 011

413 381 T-score 653

398 344 p-value 0.000

399

362

LU R T T T T

$
S
$
$
S
S
$
S
$
$

We reject the null hypothesis at all common
and many uncommon levels of significance
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Burn Calories and
Solve the Following
Problem
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4 oS dpls (olel DleMbl B8 o3l 4 LT diles S ol sl Lo shar ) add gad 45 S 53 e Syl Lt
Sl i baacd 4 s laacd gn 3 LSS slaws 1,5

1 DTesting of two means. Independent samples, population variances unknown but assumed to be equal

Shopping example

Background You have data on the amount of imes people click on a pop-up add on 24 Mondays and 21 Saturdays on an e-learning platform for several years. The samples are drawn independently.
Task Statistically speaking, is there strong evidence that the number of clicks the add records on Mondays is higher than the number of clicks on Saturdays?

Solution:

2
3
4
5
6
7
g
9

Monday Saturday Steps to complete the task
Mean 107800  908.20 1. Find the Sample Variances

Std. deviation 63300 46980 2. State the Null Hypothesis Ho: pm - ps<0
Sample size 24 21 3. Calculate the pooled variance
4, Find the t-score
Sample Variances 400,689.00 220,712.04 5. Find the p-value
Pooled Variance 316,978.79 6. Interpret the result
T-score 1.01
p-value 0.16

The p-value shows the reusltis not significant.
Therefore, there is no reason to assume more people click on Mondays than on Saturdays.
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Two Points Regarding
the Educational
Materials
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GitHub is home to over 50 million developers working together to host and review code,
manage projects, and build software together.

F main ~ F lbranch ©0tags Go to file + Code ~ About

Source codes of the first "Data Science
Course”

b3 Clone ®

HTTPS GitHub CLI

a fozouni Add files via upload

FIFA 2019, Session_6.xlsx Add files via upload . . )
Lok " a tpload https://github.com/fozouni/data_scienc

g the web URL. Releases

N _j‘:.'”j

Python_Lipynb Add files via upload Use Git or checkout with SV

Python_2.ipynb Add files via upload No releases published
Y Open with GitHub Desktop
Python_3 - Conditionals.ipynb Add files via upload

Python_4, Functions.ipynb Add files via upload () Download ZIP Packages

Python_6_1, Iterations, for and while .i.. Add files via upload

Python_6_2, OOP, modules and packa.. Add files via upload Languages

N
n 10- Practical example. Add files via upload A
Session 10- Practical example.xlsx Add fi ia upload ® Jupyter Notebook 99.6%

® Python 0.4%

b
D
D
B0
B
[ Python_5 - Sequences.ipynb Add files via upload ast month No packages published
b
B
B
D

Session 10.xlsx Add files via upload
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XK plr.
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Also thanks to Data Science Course 2020
by Udemy and Data Science 365 team.
Almost all the slides have been duplicated
from this wonderful course.
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