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Special Diet Normal Diet

45

Source: Statquest, Statistical Power, Cleary Explained!
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Source: Statquest, Statistical Power, Cleary Explained!



https://www.youtube.com/watch?v=Rsc5znwR5FA&ab_channel=StatQuestwithJoshStarmer
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1o ...then, in this case, we will
16 get a p-value = 0.0004.

p-value = 0.0004

Source: Statquest, Statistical Power, Cleary Explained!



https://www.youtube.com/watch?v=Rsc5znwR5FA&ab_channel=StatQuestwithJoshStarmer
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SN Special Diet Normal Diet

If we repeated this experiment a bunch

of times, there is a high probability that

each statistical test will correctly give us
a small p-value.

|
Source: Statquest, Statistical Power, Cleary Explained!
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ALL DATA COMES FROM ME!!!

So, the large p-value (> 0.05) says, in
a very small and meek voice...

ang... | can’t reject the
null hypothesis.

o)
.’.-g- p-value = 0.08

Source: Statquest, Statistical Power, Cleary Explained!
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Power is the probability that we
will correctly reject the Null
Hypothesis.

Source: Statquest, Statistical Power, Cleary Explained!
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A2 JDE2 ERE FIH0lA = S0EH (EH 217

( Special Diet Normal Diet

...we have two distinct distributions.

Source: Statquest, Statistical Power, Cleary Explained!
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. get a p-value = 0.34.
p-value = 0.34

Source: Statquest, Statistical Power, Cleary Explained!
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Source: Statquest, Statistical Power, Cleary Explained!

/

was the only one that gave us a
p-value small enough that we
correctly rejected the Null
Hypothesis.


https://www.youtube.com/watch?v=Rsc5znwR5FA&ab_channel=StatQuestwithJoshStarmer

HIOIE1OF. 5 X1 2024

So== S0IZE S ol 0FEENN?



HIOIE1OF. 5 X1 2024

Special Diet Normal Diet

SOCROD

Source: Statquest, Statistical Power, Cleary Explained!
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Source: Statquest, Statistical Power, Cleary Explained!
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Source: Statquest, Statistical Power, Cleary Explained!
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Sample Size = ?

Source: Statquest, Power Analysis, Cleary Explained!


https://youtu.be/VX_M3tIyiYk?si=cFB0ivWQTY-lfjOo
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https://doi.org/10.1145/3534678.3539160
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Overlap is effected by both the distance
between the population means...

Sample Size = ?

T T T T ﬂr T T T ...and the standard deviations.

boeed beeed

Source: Statquest, Power Analysis, Cleary Explained!
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Q| H2 Aol A A= MRS £ 993 (Gelman et al. 2014)
25 Q=(B)Q} EE CHE 2JHK| @EHC| @Z=0| =0tA D] [H2

* Type S(Sign) error rate
* Type M error rate (Exaggeration ratio)


https://doi.org/10.1511/2014.111.460
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Power
Figure 1: Type yn) error of the treatment effect as a
function of statistical power (Gelman and Carlin 2014)

Source: Kohavi et al., 2022
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Source: Kohavi et al. 2022
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...we have two distinct distributions.

Source: Statquest, Statistical Power, Cleary Explained!
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...we have two distinct distributions.

Source: Statquest, Statistical Power, Cleary Explained!



https://www.youtube.com/watch?v=Rsc5znwR5FA&ab_channel=StatQuestwithJoshStarmer

-IE|°E o|°“ I'nl_l |.|° HIOIEIOF. =X12024

Type M error rate

Special Diet Normal Diet

5 " 25 " ' ' 45

...we have two distinct distributions.

Source: Statquest, Statistical Power, Cleary Explained!
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Power = 3% (N=100 per variant)

P-value Distribution
3000 With so few users, only a few conversion combinations
2500 are possible, hence only a few p-values are possible
2000
1500
1000
TR
0

Stat-sig results 3.5% Average abs(Lift) 271.2%
Max stat-sig Lift 1200.0% Min stat-sig lift 7.0%
Wrong sign when stat-sig 36.3% Average exaggeration 54.2

Source: Kohavi, Practical defaults for A/B Testing, 2022



https://drive.google.com/file/d/18jukd0M4PgHpBKC_uDFQREMyIYSS3qiL/view?pli=1

ASHI0IA 2EIL] Ak HIOIE{OF =Xt 2024

Power = ~10% (N=7,000 per variant)

P-value Distribution
Looks almost uniform (remember, our goal is for p-value < 0.05)

Stat-sig only ~10% of the time (vs. 5% expected if there was no difference)
Winner’s curse: when stat-sig, exaggeration factor of 3.9 (19.3% lift)

400
300
200
- I I Il Ill I I I
0
) P T T Al T O N O T X
S C gl N gNCmgmCPa S CingnCogsCrngrhnCagnCaga®
T S NN A N AWM N DS NS W N WO N WM CNWL S MW O &N
S oo T HocoNNco"M"M o TSYTocoV"YVoc oYW osomMNoo®RAgood
=] TTLEeTT L e TT e e TT e LeTT o eTT Lo LeT T e LT T oL TTee
Stat-sig results 9.8% Average abs(Lift) 19.3%
Max stat-sig Lift 40.7% Min stat-sig lift 12.8%
Wrong sign when stat-sig 3.6% Average exaggeration <

Source: Kohavi, Practical defaults for A/B Testing, 2022



https://drive.google.com/file/d/18jukd0M4PgHpBKC_uDFQREMyIYSS3qiL/view?pli=1
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Power = ~30% (N=32,000 per variant)

P-value Distribution
2500
Starts to put more mass below 0.05

2000 Winner’s curse: when stat-sig, exaggeration factor of 1.9 (9.3% average lift)

1500 Could even get the sign wrong 0.1% of the time when stat-sig

1000

500 I

Stat-sig results 29.5% Average abs(Lift) 9.3%
Max stat-sig Lift 20.2% Min stat-sig lift 6.6%
Wrong sign when stat-sig 0.1% Average exaggeration 10

Source: Kohavi, Practical defaults for A/B Testing, 2022



https://drive.google.com/file/d/18jukd0M4PgHpBKC_uDFQREMyIYSS3qiL/view?pli=1
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Power = ~80% (N=122,000)

P-value Distribution

That’s the minimum we want: ~80% of the time, p-value < 0.05

Small exaggeration factor of 1.1 (5.6% average lift vs. real value of 5%)
Never get the sign wrong when stat-sig

Stat-sig results 79.6% Average abs(Lift) 5.6%
Max stat-sig Lift 12.5% Min stat-sig lift 3.4%

Wrong sign when stat-sig 0.0%

Average exaggeration 2 % |

Source: Kohavi, Practical defaults for A/B Testing, 2022



https://drive.google.com/file/d/18jukd0M4PgHpBKC_uDFQREMyIYSS3qiL/view?pli=1
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Power = ~90% (N=163,000)

P-value Distribution

Extending experiment from 122K users to 163K users (e.g., 34% longer)
gives us great 90% power

Stat-sig results 90.3% Average abs(Lift) 5.3%
Max stat-sig Lift 11.5% Min stat-sig lift 3.0%
Wrong sign when stat-sig 0.0% Average exaggeration s 5

Source: Kohavi, Practical defaults for A/B Testing, 2022
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Zae EA At HEY 242 L2440 0] 82l &L
A& HE= 24 (Priori power analysis)
o Ao ol MY A0l THAEZO 26 FoHE! 2] XIFEC| 2AHe*) 1 MDE(S)M Ol
M= H2EE 24 (Post-hoc power analysis)
o &g d = d=E HOIHM JIErSt p-valuel| ol&
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A Al 288 242 Ol 201 82l =LIC

24 (Priori power analysis)

o8 M oHE 20| CHE U 2 FoHE 2t&) XHO| EA(a®) 2 MDEB) C1&

3 = BN HIOIEI0 JIBrS p-valueil OIE
o == LIE s0=2 += A0 20
ol ==l gHC| &4 =4

24 (Post-hoc power analysis)
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H2
A HEE 24 AOZ22H Ale 82 =4 A8 RS +» UsLIC

where @ is a cdf of standard normal distribution

1

OIME A= HEE 2A=2 2e0M 2= p-valuelll SIE6HHIE

A1-B=0 (%1ppat = Z, a)

AEH R JI8E =C210/1= P =/ &9 Appendix /17
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https://doi.org/10.1145/3534678.3539160
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282 240| gfd= HoiD| 2loh B & 8082 H=2 AV |B= =6l &9 &
| == 0K FIAISE KA 8HE (Kohavi et al., 2022)
oiE GIKIOIA 22 OIOIEI=2H Hit=l =&l p-value= 0.009

OI0H [IH2F At HEE 244 201 Cfoh HlAt=l HE 2 74%01 2

0%

1-B=o (21_0.209 — Z1 o.gs) = 74%
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ﬁn our motivating example, the p-value was 0.009, ltranslating into

Z of 2.61. Subtracting 1.96 gives 0.65, which translates into

Ipost-power, which may seem reasonablel

However, compare this number to the calculation in Section 4,
where [the pre-experiment power was estimated at 3%, In low-
power experiments, the p-value has enormous variation, and
translating it into/post-hoc power results in a very noisy estimate|
(a video of p-values in a low power simulation is at
https://tiny.cc/dancepvals). Gelman (2019) wrote that “using
observed estimated of effect size is too noisy to be useful”
Source: Kohavi ef al, 2022
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Figure 3: post-hoc power is determined by p-value

Source: Kohavi et al., 2022
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ae JI2t0l [IHE Relative MDE HlAt

Metric

page_load (event_count)

Perform analysis based on fixed:

(® Allocation % MDE (Relative %)
percentage of T effe

participating in the experiment Expres:

value

100
Advanced v

Start Calculation

Power Analysis Calculator

Estimates based on metric st tics calculated across all users in the project
Number of Weeks MDE (Relative %) Control Group Units Test Group Units
1 21.6% 5200 5200
2 8.07% 37200 37200
3 7.49% 43200 43200
4 7.12% 47800 47800

Source: Stagsig Docs,

Relative MDE &4

o 29 JIZ2H S 2R Eci HlAt

Metric

page_load (event_count)

Perform analysis based on fixed

(® MDE (Relativ
The smallest eff
Expl as perc

Allocation %

10

Advanced v
Start Calculation

Power Analysis Calculator
Estimates based on metric statistics calculated across all users in the project

Number of Weeks Allocation Control Group Units Test Group Units
1 >100% 5190 5190
2 65.1% 24200 24200
3 56.1% 24200 24200
4 50.7% 24200 24200

Source: Stagsig Docs, Power Analye
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6
1-p=o(g-7q)

where @ is a cdf of standard normal distribution

~1=-p= CID(Zl_%al —Zl_%)
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