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CASE STUDY FOR THIS CLASS
You work at Nickelback Inc. 

Nickelback Inc recently downloaded every song text ever written (TB of 
data) to draw inspiration as they lately have trouble to produce a number 
1 hit.

Now they want to create a system which enables them to search through 
this large collection of text and help them to write some songs.

Your task:

Task1: Design a system that efficiently finds all song texts contain certain 
keywords (e.g., “mountain” and “grass”)

Task2: Create a simple ranking for the query results and enable that 
Nickelback can cluster the songs

Task3: Extend the system to allow search with sentiments (e.g., all happy 
songs, sad songs,…)

TTaasskk44::  EExxtteenndd  tthhee  ssyysstteemm  ffuurrtthheerr  ttoo  ffiinndd  ssoonnggss  wwiitthh  tthhee  rriigghhtt  mmeeaanniinngg  ooff  
““ggrraassss””    ((tthhee  ggrreeeenn  ssttuuffff  iinn  tthhee  ffoooottbbaallll  ssttaaddiiuumm))  

TTaasskk55::  DDeevveelloopp  aann  aassssiissttaanntt  tthhaatt  hheellppss  NNiicckkeellbbaacckk  ttoo  wwrriittee  ssoonnggss  bbyy  
pprreeddiiccttiinngg  tthhee  nneexxtt  sseenntteennccee 3



WHAT IS THE PROBLEM WITH WORD 
EMBEDDINGS?

4

The mountain has a lot of ggrraassss You should never smoke ggrraassss

same word embedding [0.99, 0.8, …]

Solution: Train contextual representations on text corpus



LITTLE HISTORY

5

Semi-Supervised Sequence Learning, Google, 2015

ELMo: Deep Contextual Word Embeddings, AI2 & 
University of Washington, 2017



GPT

IImmpprroovviinngg  LLaanngguuaaggee  UUnnddeerrssttaannddiinngg  bbyy  GGeenneerraattiivvee  PPrree--TTrraaiinniinngg,,  
OOppeennAAII,,  22001188  –– BBaasseedd  oonn  ttrraannssffoorrmmeerrss//aatttteennttiioonn  ffrroomm  ””AAtttteennttiioonn  iiss  AAllll  
YYoouu  NNeeeedd””  VVaasswwaannii  eett  aall
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BERT
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BERT VS OPENAI GPT VS ELMO

8See also http://jalammar.github.io/illustrated-gpt2/



TASKS

9http://www.msmarco.org/leaders.aspx



MICROSOFT MACHINE READING COMPREHENSION DATASET (MS MARCO)
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GOOGLE IS NOW USING BERT

13



GOOGLE IS NOW USING BERT
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GOOGLE IS NOW USING BERT
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SURVEYS
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LYING WITH NUMBERS

““TThhee  aavveerraaggee  mmaarrkkeett  ssaallaarryy  ffoorr  MMIITT  
ggrraadduuaatteess  wwiitthh  00--22  yyeeaarrss  ooff  eexxppeerriieennccee  
iiss  $$115511,,000000  ppeerr  yyeeaarr””

IInn  hhooww  mmaannyy  wwaayyss  ccaann  tthhiiss  bbee  
mmiisslleeaaddiinngg??

https://www.paysa.com/blog/harvard-vs-mit-which-tech-grads-make-the-most/



SAMPLING BIAS

• MMoorree  ssuucccceessssffuull  ggrraadduuaatteess  aarree  mmoorree  lliikkeellyy  ttoo  rreessppoonndd  ttoo  ssuurrvveeyyss
o They feel good about their earnings
o Surveys are only sent to big companies

• HHooww  bbiigg  iiss  tthheeiirr  ssaammppllee  ssiizzee??
o Not disclosed

• TTeennddeennccyy  ttoo  eexxaaggggeerraattee
o Brag about your salary
o School spirit, want your alma mater to rank highly

• TTeennddeennccyy  ttoo  mmiinniimmiizzee
o No one likes tax

• DDoo  tthheeyy  ccaanncceell  oouutt  eeaacchh  ootthheerr??
o No one knows!



LYING WITH NUMBERS

““TThhee  aavveerraaggee mmaarrkkeett  ssaallaarryy  ffoorr  MMIITT  
ggrraadduuaatteess  wwiitthh  00--22  yyeeaarrss  ooff  eexxppeerriieennccee  
iiss  $$115511,,000000  ppeerr  yyeeaarr””

IInn  hhooww  mmaannyy  wwaayyss  ccaann  tthhiiss  bbee  
mmiisslleeaaddiinngg??

https://www.paysa.com/blog/harvard-vs-mit-which-tech-grads-make-the-most/



THE TERM “AVERAGE”
• IImmaaggiinnee  aa  sscchhooooll  wwiitthh  55  aalluummnnii

o Bill Doors: $1 million/year
o Mark Bergkerzuck: $120k/year
o Larry Sheet: $100k/year
o Sergey Bin: $80k/year
o Steve Baller: $80k/year

• AAvveerraaggee  ccaann  bbee  mmeeaann,,  mmeeddiiaann,,  oorr  mmooddee;;  TThheeyy  ccaann  bbee  ttoottaallllyy  ddiiffffeerreenntt

• MMeeaann::  EEvveennllyy  ddiissttrriibbuutteess  tthhee  ttoottaall  aammoonngg  iinnddiivviidduuaallss
o Can be unrepresentative when measurements are highly skewed
o In our example: $276k/year

• MMeeddiiaann::  VVaalluuee  ddiivviiddiinngg  ddiissttrriibbuuttiioonn  iinnttoo  ttwwoo  eeqquuaall  ppaarrttss  ((5500tthh  ppeerrcceennttiillee))
o In our example: $100k/year

• MMooddee::  MMoosstt  ffrreeqquueennttllyy  oobbsseerrvveedd  oouuttccoommee  ((rraarreellyy  rreeppoorrtteedd  wwiitthh  nnuummeerriicc  
ddaattaa))
o In our example: $80k/year

Slide by Larry Winner, “Overview of How to Lie with Statistics”



FINAL SENTENCE

““TThhee  aavveerraaggee  mmaarrkkeett  ssaallaarryy  ffoorr  MMIITT  
ggrraadduuaatteess  wwiitthh  00--22  yyeeaarrss  ooff  eexxppeerriieennccee  
iiss  $$115511,,000000  ppeerr  yyeeaarr””

PayScale’s methodology did not include alums with advanced 
degrees and only used data from graduates with bachelor’s 
degrees. It also excluded self-employed and contract employees.

Because the salaries of graduates from elite schools vary 
extensively, the study has a relatively wide margin of error, 
the report stated.



CORRELATION VS CAUSATION

WWhhaatt  ccoonncclluussiioonnss  ccaann  yyoouu  mmaakkee  ffrroomm  tthhiiss  ddaattaa??

DDooeess  ggooiinngg  ttoo  MMIITT  mmaakkee  yyoouu  rriicchh??



LYING WITH SURVEYS

TThhrreeee  qquueessttiioonnss  yyoouu  sshhoouulldd  aasskk  aafftteerr  yyoouu  rreeaadd  aannyy  ppaappeerr::

11.. IIss  tthheerree  aannyy  bbiiaass  iinn  tthhee  ssaammppllee  sseett??

a. Look for unconscious bias
b. Look for conscious bias

22.. WWhhaatt  ssttaattiissttiiccss  aarree  tthheeyy  aaccttuuaallllyy  ttaallkkiinngg  aabboouutt??

33.. WWhhaatt  ccoonncclluussiioonnss  ccaann  wwee  mmaakkee  ffrroomm  tthheeiirr  ffiinnddiinnggss??



LYING WITH 
VISUALIZATIONS
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LYING WITH VISUALIZATION

"don't believe everything you see." 

seeing is believing



LYING WITH BAR CHARTS



LYING WITH BAR CHARTS

VS



LYING WITH LINE CHART 

Zero line at the bottom



CHOP OFF THE BOTTOM



CHANGE THE PORTION OF Y-AXIS 



LYING WITH DIAGRAM

• SSaayy  tthhaatt  iinn  aa  ppoonndd,,  tthheerree  wweerree  

o 13 Adult frogs in May
o 39 Adult frogs in September    

• RReepprreesseenntteedd  iinn  aa  ““ssttaacckkeedd--ffrroogg””  pplloott  



LYING WITH DIAGRAM

oorr  wwee  ccaann  rreepprreesseenntt  iinn  tthhiiss  wwaayy......    

http://www.physics.csbsju.edu/stats/display.html



SOME MORE EXAMPLE

PPeeooppllee  aatt  ““AA””  ggeett  ttwwiiccee  ppaayy  tthhaann  ppeeooppllee  aatt  ““BB””



LYING WITH MAPS
CChhoorroopplleetthh  mmaapp    

o pprroovviiddeess  aann  eeaassyy  wwaayy  ttoo  vviissuuaalliizzee  mmeeaassuurreemmeenntt  vvaarriieess  aaccrroossss  
ggeeooggrraapphhiicc  aarreeaa  

http://upload.wikimedia.org/wikipedia/commons/1/17/World_population_density_map.png



LYING WITH CHOROPLETH MAP

US poverty map from Guardian data blog



LYING WITH CHOROPLETH MAP

• PPoovveerrttyy  ddaattaa  rraannggee  ffrroomm  66..66%%  ttoo  2222..77%%

o Unequally distributed 

If we are measuring inequality, perhaps we should at least use equally distributed classes

http://vis4.net/blog/posts/choropleth-maps/



CHOICE OF COLOR

http://vis4.net/blog/posts/choropleth-maps/

vs



LYING WITH CHOROPLETH MAP

WWiitthh  eeqquuaallllyy  ddiissttrriibbuutteedd  ccllaasssseess  aanndd  eeqquuiiddiissttaanntt  ccoolloorrss  ffrroomm  aa  HHSSVV  
ggrraaddiieenntt    

http://vis4.net/blog/posts/choropleth-
maps/



LYING WITH CHOROPLETH MAP

• WWhheenn  llooookk  aatt  aannyy  cchhoorroopplleetthh  mmaapp,,  bbee  aawwaarree  ooff

o How they categorize the classes 
o How they choose the colors

• CChhoorroopplleetthh  mmaapp  ccllaassssiiffiiccaattiioonn  bbaasseedd  oonn

o Equal-intervals 
o quantile classing; each class has equal number quantity 
o Iterative algorithm to find “natural breaks”



TODAY’S EXAMPLE (APPLE WWDC 2008)

http://www.theguardian.com/technology/blog/2008/jan/21/liesdamnliesandstevejobs



http://www.theguardian.com/technology/blog/2008/jan/21/liesdamnliesandstevejobs

19.5% area bigger than 21.2% area

TODAY’S EXAMPLE (APPLE WWDC 2008)



http://www.theguardian.com/technology/blog/2008/jan/21/liesdamnliesandstevejobs

TODAY’S EXAMPLE (APPLE WWDC 2008)



CLICKER

The above graphic was copied from a book about sleep research. The 
bars try to summarize the number of traffic accidents in Canada before 
and after daylight-savings time adjustments for the years 1991 and 
1992 (combined). The goal of the graph is to suggest a correlation 
between lost sleep and traffic accidents.

Clicker: Find 3 problems with this visualization



LYING THROUGH 
AGGREGATIONS

48

(data adapted from Appleton et al. 1996, Am. Stat.)



MOTIVATING EXAMPLE: SMOKING & SURVIVAL

2200--yyeeaarr  ffoollllooww--uupp  ssttuuddyy,,  WWiicckkhhaamm  iinn  UUKK  ((TTuunnbbrriiddggee  eett  aall..  11997777))

11997722--11997744,,  oonnee--iinn--ssiixx  ssuurrvveeyy  ooff  tthhee  eelleeccttoorraall  rroollll,,  llaarrggeellyy  ccoonncceerrnneedd  
wwiitthh  tthhyyrrooiidd  ddiisseeaassee  aanndd  hheeaarrtt  ddiisseeaassee

FFoorr  ssiimmpplliicciittyy,,  ccoonnssiiddeerr  wwoommeenn  aaggeedd  4455  ttoo  7755  aatt  tthhee  ssttaarrtt  ooff  tthhee  ssttuuddyy
• Smoking status: current smoker (Y/N)
• 20-year survival info: determined for all women in the study

PPrrootteeccttiivvee  eeffffeecctt  ooff  ssmmookkiinngg??

(data adapted from Appleton et al. 1996, Am. Stat.)



SMOKING & SURVIVAL (CON’T)

CCoonnssiiddeerr  1100--yyeeaarr  rraannggeess::  4455--5544,,5555--6644,,6655--7755

NNoonn--ssmmookkiinngg  ggrroouupp  ddooeess  bbeetttteerr  iinn  eeaacchh  ccaassee!!



GENDER BIAS, OR NOT?

11997733,,  UUCC  BBeerrkkeelleeyy  wwaass  
aaffrraaiidd  ttoo  bbee  ssuueedd  ffoorr  
ddiissccrriimmiinnaattiioonn  aaggaaiinnsstt  
wwoommeenn  iinn  ggrraadduuaattee  
sscchhooooll  aaddmmiissssiioonnss

PPeerrcceenntt  aacccceeppttaannccee::  
MMaallee  vvss  FFeemmaallee,,

4444%%  vvss..  3355%%  



GENDER BIAS, OR NOT? (CONT’D)

P. J. Bickel, E. A. Hammel, J. W. O'Connell. 
(1975). Sex Bias in Graduate Admissions: Data 
from Berkeley. Science 187, (4175). pp. 398-404



SIMPSON PARADOX

Be aware of the dangers of ignoring a covariate that is correlated to an 
outcome variable and an explanatory one.

Simpson, E.H. (1951). “The interpretation of Interaction in Contingency 
Tables”, Journal of the Royal Statistical Society, B, 13, 238-241.



MORE RECENT EXAMPLE

TTeecchhCCrruunncchh

GGooooggllee  ffoouunndd  iitt  ppaaiidd  mmeenn  lleessss  tthhaann  wwoommeenn  ffoorr  tthhee  ssaammee  jjoobb  

by Megan Rose Dickey https://techcrunch.com/2019/03/04/google-
found-it-paid-men-less-than-women-for-the-same-job/ 

WWiirreedd

AArree  mmeenn  aatt  GGooooggllee  PPaaiidd  lleessss  tthhaann  wwoommeenn??  NNoott  RReeaallllyy  

by Natasha Tiku https://www.wired.com/story/men-google-paid-less-
than-women-not-really/ 
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IMPRESSIVE 
FIGURES
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UUPP--TTOOSS

56

“runs up to 10x faster”
(https://www.digitalengineering247.com/article/altair-optistructruns-up-to-10x-faster-on-nvidia-gpus) 

“lasts up to 5x longer”
(https://ca.crest.com/en-ca/products/crest-complete-whitening-plus-scope-outlast-toothpaste) 

“cleans up to 10x better” 
(https://www.youtube.com/watch?v=Yx9iCKKzYR4) 

“Schism consistently outperforms simple partitioning 
schemes, …, reducing the cost of distributed transactions 
uupp  ttoo  3300%%””  
Carlo Curino, Yang Zhang, Evan P. C. Jones, Samuel Madden: Schism: a Workload-Driven Approach to Database 
Replication and Partitioning. PVLDB 3(1): 48-57 (2010)

What is the problem with up-tos?



Example (from Colton)
Sex and race distribution  of 158 cases of 

abdominal aortic aneurysms (AAA) at metropolitan 
hospitals in a Southern city

Sex & Race #AAA
White Males 93
AA Males 30
White Females 22
AA Females 13

AAuutthhoorr’’ss  ccoonncclluussiioonn::  Incidence of AAA is almost 3 times more frequent in 
Whites than African-Americans.

Clicker: Do you see a potential problem?



Example (from Colton)
Sex and race distribution  of 158 cases of 

abdominal aortic aneurysms (AAA) at metropolitan 
hospitals in a Southern city

Sex & Race #AAA
White Males 93
AA Males 30
White Females 22
AA Females 13

AAuutthhoorr’’ss  ccoonncclluussiioonn::  Incidence of AAA is almost 3 times more frequent in 
Whites than African-Americans.

Do you see a potential problem?
TThhiiss  ffaallllaaccyy  iiss  kknnoowwnn  aass  aa  llaacckk  ooff  ddeennoommiinnaattoorrss



EXCEPTION FALLACY 

44  oouutt  ooff  66  mmeemmbbeerrss  ooff  tthhee  mmaatthh  tteeaamm  rreepprreesseennttiinngg  CCaannaaddaa  aatt  tthhee  
22001188  IInntteerrnnaattiioonnaall  MMaatthh  OOllyymmppiiaadd  wweerree  ffrroomm  OOnnttaarriioo..  

CClliicckkeerr::  DDooeess  OOnnttaarriioo  hhaavvee  tthhee  bbeesstt  KK--1122  mmaatthh  ccuurrrriiccuulluumm  iinn  CCaannaaddaa??  

aa)) YYeess

bb)) NNoo

cc)) IImmppoossssiibbllee  ttoo  ssaayy

dd)) SSccoooobbyy--ddoooo

59



EXCEPTION FALLACY 

44  oouutt  ooff  66  mmeemmbbeerrss  ooff  tthhee  mmaatthh  tteeaamm  rreepprreesseennttiinngg  CCaannaaddaa  aatt  tthhee  
22001188  IInntteerrnnaattiioonnaall  MMaatthh  OOllyymmppiiaadd  wweerree  ffrroomm  OOnnttaarriioo..  

DDooeess  OOnnttaarriioo  hhaavvee  tthhee  bbeesstt  KK--1122  mmaatthh  ccuurrrriiccuulluumm  iinn  CCaannaaddaa??

NNoottee  tthhaatt  OOnnttaarriioo  hhaass  4400%%  ooff  tthhee  nnaattiioonn’’ss  ppooppuullaattiioonn..  

60



Example: The Top 10 All Time Grossing Films (in Millions – US)

1) Avatar (2009): $760
2) Titanic(1997): $658

3) Marvel’s the Avengers (2012): $588

4) The Dark Knight (2008): $533

5) Star Wars I: The Phantom Menace (1999) 
$474

6) Star Wars IV: A New Hope (1977): $460

7) The Dark Knight Rises (2012) $449

8) Shrek 2 (2011): $441

9) E.T. The Extra-Terrestrial (1982): $435
10) The Hunger Games: Catching Fire (2013): 

$424

DO YOU SEE A PROBLEM WITH THIS LIST?



REAL VS. NOMINAL VARIABLES

Nominal Variables are in terms of a current dollars. For 
example, you’re starting salary after college might be 
$50,000 per year.

Real variables are in terms of some fixed commodity.  Real 
variables measure purchasing power. If a gallon of gas costs 
$2.00, then we can calculate your “real” income.

Real Income = Nominal Income
Price = 

$50,000
$2.00 = 25,000



In 2009, a gallon of gas cost $3.50

Real Gross = Nominal Gross
Price = 

$749M
$3.50 = 214M

Real Income = Nominal Gross
Price = 

$460M
$.62 = 742M

In 1977, a gallon of gas cost $.62

(Gallons of Gas)

(Gallons of Gas)



The Top 10 All Time Grossing Films– Inflation 
Adjusted (Millions of 2000 Dollars)

1) Gone With the Wind (1939): $1,689

2) Star Wars Episode IV(1977): $960

3) The Sound of Music(1965): $768

4) ET: The Extraterrestrial(1982): $764

5) The Ten Commandments (1956): $706

6) Titanic (1997): $691

7) Jaws (1975): $690

8) Dr. Zhivago (1965): $669

9) The Exorcist (1973): $596

10) Snow White (1937): $587

Notes: Avatar falls to #14 ($516), a movie ticket in 1939 was $0.23 



SELF-DRIVING CARS 

[Tesla] said Autopilot-enabled cars had covered 
130 million miles without a fatality, compared to a 
national average of one fatality every 94 million 
miles. MMuusskk  ssaayyss  iitt  wwoouulldd  bbee  ““mmoorraallllyy  
rreepprreehheennssiibbllee””  ttoo  ddeellaayy  iittss  rroolllloouutt..  
TTeessllaa''ss  CCaarrss  HHaavvee  DDrriivveenn  114400MM  MMiilleess  oonn  AAuuttooppiilloott..  HHeerree''ss  HHooww ------ WWiirreedd,,  1177  AAuugg  22001166  

66

Clicker: what is the problem with this statement?



SELF-DRIVING CARS 

[Tesla] said Autopilot-enabled cars had covered 
130 million miles without a fatality, compared to a 
national average of one fatality every 94 million 
miles. MMuusskk  ssaayyss  iitt  wwoouulldd  bbee  ““mmoorraallllyy  
rreepprreehheennssiibbllee””  ttoo  ddeellaayy  iittss  rroolllloouutt..  
TTeessllaa''ss  CCaarrss  HHaavvee  DDrriivveenn  114400MM  MMiilleess  oonn  AAuuttooppiilloott..  HHeerree''ss  HHooww ------ WWiirreedd,,  1177  AAuugg  22001166  
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A RAND Corporation report concluded that fatalities and 
injuries are so rare that it would require an automated car to 
drive as many as hundreds of billions of miles before its 
performance could be fairly compared with statistics from the 
much larger population of human drivers.

https://www.technologyreview.com/s/601849/teslas-dubious-
claims-about-autopilots-safety-record/



SERVICE UP-TIME

A fictitious school bus status update website claims 99.9% uptime. 

68

Is this good? 



SERVICE UP-TIME

A fictitious school bus status update website claims 99.9% uptime. 

What if in the morning hours (5am - 8am) of a big snowstorm day, the 
website is down due to too much traffic. 

With three such snowstorms a year, the website is down 9 hours out of 
a total of 365 x 24 hours per year. 

9/8760 is roughly 0.1%. But the website is down when you most need 
it to be up! 

69

Is this good? 



P-VALUE
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http://www.huffingtonpost.co.uk/2016/01/08/a-
glass-of-red-wine-is-the-equivalent-to-an-hour-at-
the-gym-says-new-study_n_7317240.html

A New Study shows: A Glass Of Red Wine Is The 
Equivalent To An Hour At The Gym [Fox News 02/15 and others]



A new study shows: Secret to winning a Nobel prize? 
Eat More Chocolate [Time 10/12]



Scientists find the secret of longer life for men 
[Daily Mail UK, 09/12]

http://www.dailymail.co.uk/sciencetech/article-2207981/Scientists-secret-living-life-men-bad-news-Castration-key.html



Scientists find the secret of longer life for men 
(The bad news: castration is the key) [Daily Mail UK, 09/12]

http://www.dailymail.co.uk/sciencetech/article-2207981/Scientists-secret-living-life-men-bad-news-Castration-key.html



Data Dredging



STATISTICAL TEST

BBeeeerr  (25): 
27 20 21 26 27 31 24 21 20 19 
23 24 28 19 24 29 18 20 17 31 
20 25 28 21 27
Mean: 23.6

WWaatteerr  (18)::  
21 22 15 12 21 16 19 15 22 24 
19 23 13 22 20 24 18 20
Mean: 19.2

BBeeeerr  CCoonnssuummppttiioonn  IInnccrreeaasseess  HHuummaann  AAttttrraaccttiivveenneessss  
ttoo  MMaallaarriiaa  MMoossqquuiittooeess

Beer Consumption #Human Attractiveness to Malaria Mosquitoes
Thierry Lefèvre , Louis-Clément Gouagna, Kounbobr Roch Dabiré, Eric Elguero, Didier Fontenille, François Renaud, Carlo Costantini, Frédéric Thomas

IIss  aa  ddiiffffeerreennccee  ooff  44..44  
ssiiggnniiffiiccaanntt??



PERMUTATION TEST
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PERMUTATION TEST
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PERMUTATION TEST
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TYPE I VS TYPE II ERROR

The p value (Type I error) is the probability to obtain an effect equal to or more 
extreme than the one observed presuming the null hypothesis of no effect is 
true



P-VALUE HAS PROBLEMS! 



FICTIOUS EXAMPLE: BRAIN CANCER

Hypothesis: Brain cancer causes a headache

Data shows p<0.01 (considered very significant)
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If you have a headache, 
how likely is it that you have brain cancer?



FICTIOUS EXAMPLE: BRAIN CANCER

Hypothesis: Brain cancer causes a headache

Data shows p<0.01 (considered very significant)
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If you have a headache, 
how likely is it that you have brain cancer?



CLICKER: 
WHAT IS THE INTERPRETATION OF P < 0.05

AA)) TThhee  cchhaanncceess  aarree  ggrreeaatteerr  tthhaann  11  iinn  2200  tthhaatt  aa  ddiiffffeerreennccee  wwoouulldd  bbee  
ffoouunndd  iiff  tthhee  ssttuuddyy  wweerree  rreeppeeaatteedd..

BB)) TThhee  pprroobbaabbiilliittyy  iiss  lleessss  tthhaann  11  iinn  2200  tthhaatt  aa  ddiiffffeerreennccee  tthhiiss  llaarrggee  
ccoouulldd  ooccccuurr  bbyy  cchhaannccee  aalloonnee..  

CC)) TThhee  pprroobbaabbiilliittyy  iiss  ggrreeaatteerr  tthhaann  11  iinn  2200  tthhaatt  aa  ddiiffffeerreennccee  tthhiiss  llaarrggee  
ccoouulldd  ooccccuurr  bbyy  cchhaannccee  aalloonnee..  

DD)) TThhee  cchhaannccee  iiss  9955%%  tthhaatt  tthhee  ssttuuddyy  iiss  ccoorrrreecctt

EE)) NNoonnee  ooff  tthhee  aabboovvee  



“In my experience teaching many academic physicians, 
when physicians are presented with a single-sentence 
summary of a study that produced a surprising result with 
P = 0.05, the overwhelming majority will confidently state 
that there is a 95% or greater chance that the null 
hypothesis is incorrect. 

Goodman SN. Toward evidence-based medical statistics. 1: The P 
value fallacy. Ann Intern Med. 1999;130:995-1004.

MISCONCEPTION 1

What is wrong with this?



“In my experience teaching many academic physicians, 
when physicians are presented with a single-sentence 
summary of a study that produced a surprising result with 
P = 0.05, the overwhelming majority will confidently state 
that there is a 95% or greater chance that the null 
hypothesis is incorrect. 

This is an understand- able but categorically wrong 
interpretation because the P value is calculated on the 
assumption that the null hypothesis is true. It cannot, 
therefore, be a direct measure of the probability that the 
null hypothesis is false. This logical error reinforces the 
mistaken notion that the data alone can tell us the 
probability that a hypothesis is true. “

Goodman SN. Toward evidence-based medical statistics. 1: The P 
value fallacy. Ann Intern Med. 1999;130:995-1004.

MISCONCEPTION 1



MISCONCEPTION #1

““IIff  PP==..0055,,  tthhee  nnuullll  hhyyppootthheessiiss  hhaass  oonnllyy  aa  55%%  cchhaannccee  ooff  bbeeiinngg  ttrruuee””

Let us suppose we flip a penny four times 
and observe four heads, two-sided P 
=.125. This does not mean that the 
probability of the coin being fair is only 
12.5%.

Steven Goodman: “A Dirty Dozen: Twelve P-Value 
Misconceptions”



MISCONCEPTION #2

AA  nnoonn  ssiiggnniiffiiccaanntt  ddiiffffeerreennccee  ((eegg,,  PP  ..0055))  mmeeaannss  tthheerree  iiss  nnoo  ddiiffffeerreennccee  
bbeettwweeeenn  ggrroouuppss..

• A non significant difference only means the 
null effect is statistically consistent with the 
observation

• It does not make the null effect most likely
• In fact, the observed effect best explains the 

effect regardless the significance. 

Steven Goodman: “A Dirty Dozen: Twelve P-Value 
Misconceptions”



MISCONCEPTION #3

AA  ssttaattiissttiiccaallllyy  ssiiggnniiffiiccaanntt  ffiinnddiinngg  iiss  ((cclliinniiccaall))  iimmppoorrttaanntt

TThhee  PP  vvaalluuee  ccaarrrriieess  nnoo  iinnffoorrmmaattiioonn  aabboouutt  tthhee  mmaaggnniittuuddee  ooff  aann  eeffffeecctt,,  
wwhhiicchh  iiss  ccaappttuurreedd  bbyy  tthhee  eeffffeecctt  eessttiimmaattee  aanndd  ccoonnffiiddeennccee  iinntteerrvvaall..



MISCONCEPTION #4

““SSttuuddiieess  wwiitthh  PP  vvaalluueess  oonn  ooppppoossiittee  ssiiddeess  ooff  ..0055  
aarree  ccoonnfflliiccttiinngg””

HH00::DDrruugg  TT  hhaass  nnoo  eeffffeecctt

HH11::DDrruugg  TT  hhaass  aa  ppoossiittiivvee  eeffffeecctt

SSttuuddyy  II::  PP==00..33

SSttuuddyy  IIII::  PP==00..000022



MISCONCEPTION #5

SSttuuddiieess  wwiitthh  tthhee  ssaammee  PP  vvaalluuee  pprroovviiddee  tthhee  ssaammee  
eevviiddeennccee  aaggaaiinnsstt  tthhee  nnuullll  hhyyppootthheessiiss



P-VALUE HAS PROBLEMS! 



PP--HHAACCKKIINNGG  (ALSO DATA DREDGING, DATA FISHING, DATA 
SNOOPING, DATA BUTCHERY)



P(detecting an effect when there is none) = α = 0.05

P(detecting an effect when it exists) = 1 – α

P(detecting an effect when it exists on every experiment) = (1 – α)k

P(detecting an effect when there is none on at least one experiment) = 1 – (1 – α)k

α = 0.05

“Familywise Error Rate”



01.12.19

Bill Howe, UW
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MISTAKES AND FRAUD

01.12.19 Bill Howe, UW 98http://www.nature.com/news/2011/111005/pdf/478026a.
pdf

Richard Van Noorden, 2011, Nature 478
The Rise of the Retractions

• 10X increase in retractions 
• only 1.44X increase in papers

2001 – 2011: 



PUBLICATION BIAS

01.12.19

Bill Howe, UW

99

“decline effect” 



01.12.19

Bill Howe, UW
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“decline effect” = publication bias! 



FAMILY-WISE ERROR RATE CORRECTIONS

Bonferroni Correction
• Just divide by the number of hypotheses

Šidák Correction
• Asserts independence

↵c =
↵

k

↵c = 1 (1 ↵)
1
k

↵ = 1 (1 ↵c)
k



MANY ANALYSTS, ONE DATA SET
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MANY ANALYSTS, ONE DATA SET
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VVaarriiaattiioonnss  iinn  AAnnaallyyttiicc  CChhooiicceess  AAffffeecctt  RReessuullttss  

Abstract:
“TTwweennttyy--nniinnee  tteeaammss  iinnvvoollvviinngg  6611  aannaallyyssttss  uusseedd  tthhee  ssaammee  ddaattaa set to 
address the same research question: whether soccer referees are more 
likely to give red cards to dark-skin-toned players than to light- skin-
toned players. Analytic approaches varied widely across the teams, 
and the estimated effect sizes ranged from 0.89 to 2.93 (Mdn = 1.31) 
in odds-ratio units. TTwweennttyy  tteeaammss  ((6699%%))  ffoouunndd  aa  ssttaattiissttiiccaallllyy  ssiiggnniiffiiccaanntt  
ppoossiittiivvee  eeffffeecctt,,  aanndd  99  tteeaammss  ((3311%%))  ddiidd  nnoott  oobbsseerrvvee  aa  ssiiggnniiffiiccaanntt  
rreellaattiioonnsshhiipp. Overall, the 29 different analyses used 21 unique 
combinations of covariates. Neither analysts’ prior beliefs about the 
effect of interest nor their level of expertise readily explained the 
variation in the outcomes of the analyses. …. Crowdsourcing data 
analysis, a strategy in which numerous research teams are recruited to 
simultaneously investigate the same research question, makes 
transparent how defensible, yet subjective, analytic choices influence 
research results.”



““IItt  iiss  eeaassyy  ttoo  lliiee  wwiitthh  ssttaattiissttiiccss,,  
bbuutt  iitt  iiss  eeaassiieerr  ttoo  lliiee  wwiitthhoouutt  tthheemm..””  

attributed to Frederick Mosteller (1916-2006) 
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CLOSING THOUGHTS 
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