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“Statistical Significance”

The purpose of a standard statistics course is to 
teach you how to determine if a result is 

“statistically significant”

The formulas for the t-test, 𝜒2, etc. are formulas for 
determining statistical significance



If t > 1.96 then p < 0.05
“statistically significant” 

note: requires 
1. mean values
2. algebraic difference
3. standard deviation

!𝜎

magic formula

What is a statistics course? 
• memorize formulas
• input your data into the formula to get a number
• plug that number into another even more mysterious formula, which is hidden from you
• this magic formula tells you whether or not your data is “statistically significant”



If 𝜒2 > 3.84 then p < 0.05 “statistically 
significant” 

You plug your numbers into a magic formula, and the formula tells you 
whether your result is “statistically significant” 

• Is this good pedagogy? • Is this good science?

• “shut up and calculate”

What is a statistics course? 
• memorize formulas
• input your data into the formula to get a number
• plug that number into another even more mysterious formula, which is hidden from you
• this magic formula tells you whether or not your data is “statistically significant”



“We … call for the entire concept of  
statistical significance to be abandoned.”

21 March 2019





Why “abandon statistical 
significance?”

yes!
Is there a problem?



Attempts to quantify how much research is wrong have been sobering. 
● Scientists at Bayer HealthCare reported that when they tried to 

reproduce 67 published discoveries in oncology, women’s health, and 
cardiovascular disease, only a quarter of the time were their in-house 
results completely consistent with what had been reported. 

● A scientist at Amgen disclosed that, despite concerted effort, the 
company had successfully repeated only six of 53 major cancer 
findings. 

● Last year, neuroscience researchers tried to repeat five studies that 
showed 17 links between certain brain structures and behaviors — for 
example, a finding that people with more gray matter in particular 
brain regions also have more Facebook friends. The researchers could 
not replicate any of the connections and found evidence for what 
scientists call the “null hypothesis” — the idea that there was no 
relationship.





In each case, the finding 
was “statistically 

significant”



Science News 2010





2017







What are the causesof this crisis?
#1- Badstatistics!





What’s wrong with the formulas?

Formulasareapproximationsbasedonheavyassumptions
• normal distributions
• “as n à infinity”
•must usemeans and standard deviations



IF groups A and B are normally distributed (= bell-shaped)
Theorem- Student’s t-test

and we use the mean (    and    ) to describe the groups 
and we use subtraction to compare the two groups

and A and B have the same variance
then the quantity t will be distributed like a theoretical 

distribution called “t(x)”
t(x)

2.5%

t0

2.5% your result



old, formula-based statistics 
is married to the Normal 
distribution and “means and 
standard deviations”



The correlation coefficient

Note lots of means, 
lots of squares

The correlation coefficient is defined in terms of “means and standard deviations”

Assigning p-values: the theoretical calculation of the p-value of a 
given correlation coefficient depends heavily on key assumptions:
• X and Y must be jointly Normally distributed
• variance in X must be constant across Y, and variance in Y must 

be constant across X



R = r =  𝜌 = Pearson CC



How Normal is the Normal Distribution?



Based on the news headline, which of the following is true?
A. I can expect around $40 more this year
B. I can expect to get a bigger refund, amount 

uncertain
C. Many people will get approximately $40 

more, but “individual results may vary”
D. Atypical refund will be $40 more
E.  None of the above

class poll:



Why did somany people get that wrong?
A: Because they unconsciously assumedaNormal distribution



are real world distributions normal?

NO!



Histogram  
of 1000  
adult  
weights

90 120 150 210180 240

Best-fit Normal  
Curve

*

*
*

lbs.

*   significantly different from Normal





Why aren’t “real” quantities “normal”?

1. They are ”mixtures” of distributions, for 
example, combining males and females

2. Most biological quantities are “bounded” (e.g., 
they cannot be negative)

3. Most distributions have naturally “long” or 
“thick” tails



Thick tails and long tails

● books at Amazon.com
● songs at iTunes
● followers of influencers on social media

sales rank

sa
le

s



long tail 1/(1+x2)

Normal	𝑒!"!

exponential decay 𝑒!"



0 62 4
X

LongTail
Normal 
Distribution

Can’t useany formulas, 
t-tests, etc.

Not a Normal distribution?

Probability



THE FLAW OF 
AVERAGES

Todd Rose “The Flaw of Averages” (Toronto Star)

https://www.thestar.com/news/insight/2016/01/16/when-us-air-force-discovered-the-flaw-of-averages.html


Norma, based on average 
measurements of size data collected 
from 15,000 young adult women.

the doctor in question was Dr. Robert L. Dickinson, president 
of the American Gynecological Society and chairman of 
obstetrics at the American Medical Association.









Black-Scholes Equation

V = price of option  
S = stock price
r = interest rate
𝛔	= “volatility” (= standard deviation of price fluctuations)





“The IQ scale is defined so that it gives a normal distribution with mean 100 and standard deviation 15. This 
is possible for any test score with a continuous distribution 𝑓. If the subject's score in the test is s , their IQ 
will be given by:

https://math.stackexchange.com/questions/1311149/why-are-iq-test-results-normally-distributed

“You can always map the scores so that any distribution, whatever it is, becomes normal.”
“IQ is normal by definition”

https://en.wikipedia.org/wiki/Probability_distribution


https://math.stackexchange.com/questions/1311149/why-are-iq-test-results-normally-distributed





genetics

statistics
Racism/eugenics



● Distributions in nature are NOT “Normal”
● Assumptions based on distributions being Normal are 

dangerous and wrong
● Techniques that were derived for Normal distributions 

(means, standard deviations, “t-tests” etc.) are in error

Take-home lessons



Statistics
• formulas
• paper-and-pencil “solutions”
• Normal distributions only
• means and standard deviations

t-test

19th – mid 20th Century late 20th Century

• shapes of distributions
• all distributions welcome
• measures other than the mean and standard 

deviation
• computer simulation

𝜒2-test

distributions not normal à no formulas



1991

“Most of our familiar statistical methods...were 
designed to be implemented on mechanical 
calculators. Modern electronic computation has 
encouraged a host of new statistical methods that 
require fewer distributional assumptions than their 
predecessors and can be applied to more 
complicated statistical estimators.”

Stanford Statistics

non-Normal

not just 
the mean



“In Pearson’s time, there were no
computers to find the chances. So
he developed a method for 
approximating Pby hand ... without
having to do a computation that
was, —by the standard of his 
time, quite formidable.”

Freedman D, Pisani R, Purves R. (UC Berkeley)
2007





Comparing Two Groups

note nA ≠ nB



T-cell activation by Drug 
T-cells cultured in a dish. Outcome measure: T-cell count/unit area

• not Normally distributed
• is the average (mean) value the right 

description of this data?

Step #1: Visualize the Data



The median gives you actual information, the 
mean (average) often does not.

You are a patient, told: “The average survival 
time with your type of cancer is 2 years.”

You are a patient, told: “The median survival 
time with your type of cancer is 2 years.”

Because “median” means “half the people”, it implies that you 
have a 50/50 chance of making it past 2 years



Δ𝑜𝑏𝑠

Effect size

Step #2: choose appropriate group measure M, and choose 
method of comparison (subtraction? ratio?) to get effect size

= 𝑀 𝐵 −𝑀 𝐴 = )𝐵 − *𝐴



IsΔobs“large”???

large relative to what?

relative to what wemight expect frompure randomness

How big a difference would you expect to see if 
A and B were just 2 random samples from the 

same set?



couldn't A and B just be 2 samples drawn from the same distribution U??

U

Any pair of samples 
drawn at random will 
have some difference!



“U”



Resampling
Procedure



Where isyour Δobs 
in the ranked list of 
10,000 Δi values 
from the 
resamplings?

Count number of 
simulations asor more 
extreme than Δobs to 
calculate p-value.



Difference in medianT-cell count

Result:Themedian T-cell count wasimproved under the drugby
9.7 cellsper unit area (p <0.0001).

Histogram of Δi’s



Confidence Intervals for the 
effect size: much better!

Better than just p-values + effect size





Confidence Intervals- This is what we really want: 
get a confidence interval for the effect size



Construct Confidence 
Interval

for Effect Size

Box model = 
“Two-Box”

• We are NOT simulating 
the Null Hypothesis

• We are simulating the 
effect of sampling 
variability on ∆𝐨𝐛𝐬



99% of differences from 
resamples

smallest

largest



“The Treatment group had higher median T-cell counts/unit area 
compared to Control; the difference in median counts was 9.7 
(99% confidence interval (7, 13)) (p < 0.001)”

How to say it in a paper



There is a formula for the Confidence Interval for 
the mean of a Normally-distributed (“bell-shaped”) 
distribution

We want 
● “freedom of measure” (medians, 

etc.)
● arbitrary distributions



Finding a confidence interval
 around any measure M, 
with no assumptions about 

distributions





Visualizing Data
Why and How

as opposed to “Means and 
Standard Deviations”



#1: Always make a picture of  
the data!

• in order to see what types of numerical analyses are 
appropriate

• As the primary appreciation of the data set 



Always Visualize Your Data Before Analyzing!

Datasaurus 
Dozen
By Alberto Cairo 
(U Miami)

http://www.thefunctionalart.com/2016/08/download-datasaurus-never-trust-summary.html


How Not to Present Data!!

A															B

X

**
• Hides the ‘n’

• Hides the measure

• Hides the meaning 
of the ‘error bar’

• Hides the statistical test





“Dynamite plunger plots”
(Drummond and Vowler, J Physiol 2011) 

A										B

X
**



“Dynamite plunger 
plots are never an 
appropriate way to 
plot the data.”

Drummond and Vowler 
 J Physiol 2011





Making a picture of the data 
distribution

• to gain insight into the data

• To decide what statistics to use



Vehicle speeds on a highway









“P-hacking”

= Do lots and lots of tests and then publish 
the ones that turn out to be positive.



A scientist asks the lab to 
investigate whether there is any link 

between jelly beans and acne 

boss: “OK, what about specific 
flavors of jelly beans?”

Green Jelly Beans

XKCD cartoon

https://xkcd.com/882/




Q: What happens when we do 20 tests on random 
numbers with a “p < .05” criterion for significance?

A: on average, 
there will be 1 False 
Positive

“p-hacking”



Compared  12 astrological signs X 223 diagnoses!



Jim Borgman

8 X 8 X 8 = 512 studies 5% of 512  ≅ 26

Therefore ~26 of these studies will produce False Positives at p < .05!



“data dredging” = p-hacking

tylervigen.com

great website!



Much Worse in Practice

‘Higher’ standards, like p < 0.001, 
don’t help when we are doing 
130,000 tests! -> need to correct 
for multiple tests!



Correction for Multiple Testing 
We need to correct for multiple testing by reducing our false 
positive rate (𝛂) for each pairwise test somehow. 

We’ll discuss two main methods:
• Bonferroni
• Benjamini-Hochberg

⇒ Reduce statistical 
significance & number 
of false positives

We call our desired 𝛂 (uncorrected) the False Discovery Rate (FDR)



p1= 0.0001

p2= 0.008

p3= 0.0219

m  = 3

Benjamini-Hochberg for the T-cell data 



survives BH 
correction

does not survive 
BH correction





Is factor A independent of factor B?

Was survival on the Titanic independent of ticket class?

Was hospitalization/death independent of 
whether the subject took the drug?

Is the likelihood of a heart attack independent 
of diabetes status? yes no

yes n1 n2
no n3 n4

heart attack?

diabetes?
2 X 2 Contingency table



“affected by” or “independent of” are really 
questions about Comparing Proportions

Titanic: Is the proportion of survivors in 
First Class different from the proportion of 
survivors in steerage?

drug trial: was the proportion of 
hospitalized/died people in the placebo 
class the same as in First Class?

diabetes/heart disease: Is the 
proportion of heart attacks the same  
in diabetics as in non-diabetics? 

yes no

yes n1 n2

no n3 n4

heart attack?

diabetes?



Class (predictor)

Outcome First class Steerage

Survived 203 508

Died 122 1368

Total

711

1490

Total 325 1876 2201

Survival on the Titanic



• You have Y number of 
‘Life’ cards, and N 
number of ‘Death’ cards

• Shuffle the deck and 
deal them out into 3 piles 
of size (1st class, 2nd 
class and 3rd class)

• how often did you see a 
|𝛘| this large? 









Relative Risk

Proportion of died in drug-yes group = c/(a+c)

Proportion of died in drug-no group = d/(b+d)

took drug?
yes            no

survived?
a b

c d
yes

no

Contingency table:

Relative risk of dying due 
to taking drug =

Proportion of died in drug-yes group

Proportion of died in drug-no group

RR = 0.7 ⇒ People who took drug had 70% of the risk 
of dying that people who didn’t take the drug had.



Relative Risk 

● If treatment reduces probability of outcome, RR < 1
● If treatment doesn’t affect probability of outcome, RR = 1
● If  treatment increases probability of outcome, RR > 1

Relative risk of 
outcome due to 
treatment 

=
Proportion (Probability) of outcome in group with treatment

Proportion (Probability) of outcome in group without treatment



TRILOGY-ACS

“hazard ratio” = Relative Risk



Q: Calculating RR for Titanic 
Calculate the relative risk of dying due to being in first-class

Class (predictor)

Outcome First class Steerage

Survived 203 508

Died 122 1368

Total

711

1490

Total 325 1876 2201

proportion with outcome (death) in 1st classRelative Risk of death in 1st class =
proportion with outcome (death) in steerage



Confidence Interval for 
RR

First Class Steerage

Survived     Didn’t Survived         Didn’t

a c b d≠
?

a
c

a1 b1 …

RR1

c1 d1

a2 b2

RR2

c2 d2

a b

RR10,000

c d

10,000 10,000

10,000 10,000

Where
a + c = a1 + c1

and
b + d = b1 + d1

b
d



Confidence Interval on RR for Titanic

The relative risk of dying in first class on the 
Titanic (compared to steerage) is 0.51.

CI = 

Mlower: 0.42 Mupper: 0.62



Take home messages:
• visualize the data
• Choose scientifically and distributionally appropriate measures 
• Never assume quantities are Normally Distributed
• Find p-values and Confidence intervals by resampling the data



Problem: The p-value is the answer to the 
wrong question.
p-values are an answer to the question: 

how likely is this data (D) given the null hypothesis?

prob(D|H0)

But what we really want is:
prob(H0|D)

How likely is the null hypothesis given this data?



prob (H0 | D)  ≠  prob (D | H0 )
p-valuewhat you really wanted

H0 = Null Hypothesis    D = your data



What does “p < .01” really mean?

“Results this extreme happen less than 1% of the time (under the null 
hypothesis)”

“If you did this experiment many times and everything was random,  you 
would get a result this extreme less than 1% of the  time”

It does NOT mean “the probability of the  null hypothesis being false is 
1%”!!!

p(H0|data)     ≠	 p(data|H0)





Two Box Re-centered
Null Hypothesis: A and B come from different  
underlying distributions (different variance,  MADAM, 
skew etc.), but with the same mean  (or median) value

“Welch’s t-test”


