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Outliers

Number of children per woman

2000

Biological Technical

outlier



Reference population

• World population

• Europeans

• Spanish

• Spanish women

• Spanish women aged between 
20-40

• Spanish women aged between 
20-40 with vitiligo

• Spanish women aged between 
20-40 with vitiligo and with 
stressful jobs

Skin levels of tyrosinase, TRP-1, TRP-2 and melanin



















Distributions
Distribution Examples

Gaussian, Normal Height, BMI, Blood pressure

Log-normal Length of hospital stays, Concentration of a chemical in 

blood, Viral load in patients

Binomial Number of patients responding to a treatment, Incidence of a 

genetic trait, Success/failure of surgical procedures

Poisson Number of new cases of a disease in a time period, Count of 

bacteria in a sample, Number of mutations in a DNA 

sequence

Exponential Time until relapse of a disease, Survival time after a critical 

diagnosis, Time to infection after exposure

Chi-squared Genetic linkage analysis, Analysis of vaccine adverse effects

Gamma Time until failure of a biological system, Survival times in 

cancer research, Time between successive neuronal spikes



Distributions



































Understanding the logic
behind Statistical Inference•3
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4.9999 ≠ 5.0000













Statistical power
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Sample size calculation
N = …

•4



Drug research

63

• We want to determine the differences between the
dissolution in two delivery vehicles. How many samples do 
we need to observe to show that there is a statistically
significant difference of at least 20% between any two
groups. The nominal value in the reference drug is 40 
μg/min/cm2. The standard deviation is 7. We want to have
a statistical power of 90% and a confidence level of 95%.

• Using too many or too few samples is a loss of time and 
money.

• We must use what it takes; in this example,18 per group.



Sample size
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Experimental unit

65

• The experimental unit is the smallest fraction of the experimental 
material where we can change the treatment. 

•

Treatment is injected

Treatment is in the water



Experimental units
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Biological

replicates

Technical

replicates
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Randomization and blocking
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Experiment design
Blocks Treatments

All samples

Male Female

Young Old Young Old

C T C T C T C T

Blocks

+

Factors

(Randomization)

Experiment Design



Randomization and blocking
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20 females, 20 males. 20 treated, 20 controls. We can 

only process 4 animals/day→ 10 days

Blocking time



Randomization and blocking
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20 females, 20 males. 20 treated, 20 controls. We can 

only process 4 animals/day→ 10 days

Blocking time



Randomization and blocking
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20 females, 20 males. 20 treated, 20 controls. We can 

only process 4 animals/day→ 10 days

Blocking time



Randomization and blocking
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Randomized block design

 Randomize the position in the shelf.

 Randomize feeding order.

 Randomize treatment time.

 Randomize treatment order.

 Randomize …

3) Randomize the rest.

2) Block what you cannot.

1) Control what you can.



Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Sample size calculation
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Blocks: mini-experiments

13 13+ 13+

39

W1 W2 W3

39

13 13+ 13+

SS df MS=SS/df

Treatment SS 1 MS

Error SSE 76 MSE

Total SST 77

SS df MS=SS/df

Treatment SS 1 MS

Block SSB 2 MSB

Error SSE 74 MSE

Total SST 77



Sample size calculation
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Variance reduction
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Change the experimental conditions

Chvedoff, M. et al. (1980). Effects on mice of numbers of animal per cage: an 18-month 

study. (preliminary results). Archives of Toxicology, Supplement 4:435-438



Variance reduction

103

Crabbe, J. C.; Wahlsten, D. & Dudek, B. C. Genetics of mouse behavior: interactions 

with laboratory environment. Science, 1999, 284, 1670-1672. 

1. Same research team

2. Same inbred strains

3. Equally calibrated apparatus

4. Equated husbandry

5. Same testing protocols

6. Same age

7. Same starting time

8. Same protocol order

But significantly different results
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Signal-to-noise Ratio



Sample size calculation

A researcher wanted to explore the

submarine world. He used a net with

squares of size 5x5 cm. After fishing

thousands of wonderful creatures he 

came to the conclusión that in the

Deep sea there are no creatures

smaller than 5 cm.



� = 100 � = 20

�	
�

�	

Confidence interval (Gaussian)

!" #̅ + ��/	
�
�% < ' < #̅ + ����/	

�
�% = (



Confidence interval (Snedecor’s F) Exact confidence interval (Binomial)











Confidence interval (Arbitrary)















Coefficient of variation
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Software for sample size
calculation•5



Sample size calculation
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Sample size calculation
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NCSS Pass



Sample size calculation
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Sample size calculation
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Linear models•6
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Some specificities•7



Confidence intervals for the difference of two independent means

Δ, = y.. −01 .
Δ

y.. ~� '3 , �3	
�3

y5. ~� '1 , �1	
�1

Δ~� '3 − '1 , �3	
�3

+ �1	
�1

CI� = Δ, ± 9���
	,
:;
<�	 >?

Pooled variance >?	 = �3 − 1 >3	 + �1 − 1 >1	
�3 + �1 − 2�3	 = �1	

Non-pooled variance �3	 ≠ �1	 >?	 = >3	
�3

+ >1	
�1



Confidence intervals for the difference of two dependent means

Δ, = 1
N � Δ�




���

Δ

ΔA~� '?, �?	 
CI� = Δ, ± 9���

	,
�� >?

Pretest Posttest Delta

74 98 24

98 100 2

85 98 13

68 90 22

79 90 11

52 91 39

80 84 4

78 85 7

81 93 12

Mean 77.2 92.1 14.9

StdDev 11.8 5.4 11.0

StdDev Pooled 4.32

StdDev Non-Pooled 9.15

StdDev Dependent 11.0

df Pooled 16 t 0.975 2.12

df Non-Pooled 16 2.12

df Dependent 8 2.31

CI 5.7 24.0

-4.5 34.3

-10.5 40.3



Confidence intervals for the difference of two independent
proportions

Control Treatment

Response A B

Non-response C D

B̂. = D
�3

B̂5 = E
�1

Exact solutions are complicated

Approximate solution

CI� = Δ, ± ����
	 >?

Δ,=B̂.-B̂5
>?	 = B̂3(1 − B̂3)

�3
+ B̂1(1 − B̂1)

�1



Confidence intervals for the difference of two dependent
proportions

Response B Non-response B

Response A A B

Non-response A C D

B̂H = D + E
� B̂I = D + )

�

Exact solutions are complicated

Approximate solution (Wald)

CI� = Δ, ± ����
	 >?

Δ,=B̂H-B̂I
>?	 =  D + J E + ) + 4E)

��

Same blood sample treated with drug A or drug B

There are N blood samples.

Response B Non-Response B

Response A 10 3 0.77

Non-Response A 5 8 0.38

0.67 0.27

Delta (Independent) 0.39 CI 0.04 0.75

Delta (Dependent) 0.08 0.05 0.10

StdDev Delta (Independent) 0.18

StdDev Delta (Dependent) 0.01



Risk and related measures

Control Treatment

Event A B �K = D + E
Non-event C D �
K = ) + J

�3 = D + ) �1 = E + J

Rate in control group B L ) = D
�3

= D
D + )

Rate in treated group B L M = E
�1

= E
E + J

Absolute risk reduction AOO = B L ) − B L M
Relative risk reduction OOO = DOO

B L )

Number needed to Treat �MM = 1
DOO

Risk ratio OO = B L )
B L M

Odds in control group P L ) = B L )
1 − B L ) = B L )

B �L ) = D
)

Odds in treated group P L M = B L M
1 − B L M = B L M

B �L M = E
J

Odds ratio PO = P L )
P L M



Risk and related measures

Control Treatment

Event 79 55 134
Non-event 921 945 1866

1000 1000 2000

Rate in control group B L ) = 79
1000 = 7.9%

Rate in treated group B L M = 55
1000 = 5.5%

Absolute risk reduction AOO = 7.9 − 5.5 = 2.4%
Relative risk reduction OOO = 2.4%

7.9% = 30.4%
Number needed to Treat �MM = 1

2.4% = 41.7

Risk ratio OO = 7.9
5.5 = 1.4

Odds in control group P L ) = 7.9%
92.1% = 0.086

Odds in treated group P L M = T.T%
UV.T%

=0.058

Odds ratio PO = 0.086
0.058 = 1.5

2000 men with high cholesterol 

without coronary heart disease were 

studied over 5 years. Half of them 

were given statins for the 5 years. 

We counted number of deaths from 

coronary disease within this period



Risk and related measures

Control Treatment

Event 79 55 134
Non-event 921 945 1866

1000 1000 2000

Absolute risk reduction AOO = 7.9 − 5.5 = 2.4%

Relative risk reduction OOO = 2.4%
7.9% = 30.4%

Number needed to Treat �MM = 1
2.4% = 41.7

2000 men with high cholesterol 

without coronary heart disease were 

studied over 5 years. Half of them 

were given statins for the 5 years. 

We counted number of deaths from 

coronary disease within this period

You need to treat 100 men with high cholesterol for 5 years with statins to 

prevent 2.4 of them from dying from coronary disease.

You need to treat 41.7 men with high cholesterol for 5 years with statins to 

prevent 1 of them from dying from coronary disease. This is the technically 

preferred way.

This is the preferred way to present by media.



Risk and related measures (rare events)

Control Treatment

Event 1 7 8

Non-event 99999 99993 199992

100000 100000 200000

Absolute risk reduction AOO = 0.007 − 0.001 = 0.006%

Relative risk reduction OOO = 0.006%
0.007% = 86.4%

Number needed to Treat �MM = 1
0.006% = 16667

Study of thromboembolic events in 

reproductive-age women on oral 

contraceptives.

You need to stop oral contraceptives in 100 women to prevent 0.006 of them

from a thromboembolic event.

You need to stop oral contraceptives on 16667 women to prevent 1 of 

them from a thromboembolic event. This is the technically preferred way.

This is the preferred way to present by media.



Survival data (Life table analysis)











Survival, failure, and hazard curves

Survival curve W 9 = !(M > 9)
Failure curve X 9 = !(M ≤ 9)

Hazard curve ℎ 9 = lim ?^→`
! 9 < M ≤ 9 + Δ9|M > 9

Δ9

Cumulative hazard 

curve H 9 = c ℎ d ed
^

�f
= −log (W 9 )

W 9

= eX(9)
e9

1
W(9) = − e(log W(9))

e9
“instantaneous 

probability of the 

event”











Regression

0i
0�

Control Treatment

0j�

0j�

WW^�^kl = WWm�nol + WWopp�p

� 0� − 0i 	



���
= � 0j� − 0i 	




���
+ � 0� − 0j� 	




���

O	 = 1 − WWopp�p
WW^�^kl

0� 0j�

#

0 0j = (# + q

Coefficient of determination



Regression



Regression

X =
WWm�nolrWWopp�p� − r − 1

=
O	
r

1 − O	
� − r − 1

s`: 0 = 'u ≠ v #
sk: 0 = v #

1 − Oknw	 = 1 − O	 � − 1
� − r − 1Overall test Nested models

0 = q` + q�#
0 = q` + q�# + q	#	

0 = q` + q�# + q	#	 + q�#�

0 = q`



Regression

xWL = WW1�^kl
�









Regression

Weibull



Regression



Regression





















Conclusions



Conclusions

• If you think that education is expensive, try ignorance.

• If you think that using Statistics is difficult, try not to use it.



Conclusions



Conclusions

x13



Questions



Bibliography

210

• C.O.S. Sorzano. Statistical 

experiment design for 
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• Sample size: https://www.youtube.com/playlist?list=PLQjWIcrmtc4KtxXMj4byAsZlF9gwWgTXH

• Experiment design: https://www.youtube.com/playlist?list=PLQjWIcrmtc4LMu47i_elxGYPLEwdrQ6ey

• General statistics: https://www.youtube.com/playlist?list=PLQjWIcrmtc4JUvzoJvIoLA9wXWkgYuS9I
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