
Lecture 37: Integrity in Research

Probability and Mathematical

Statistics in Data Science



Data Integrity : The Quality of Our Data

 Statistics (calculated from our data) are estimators of some unknown 

truth in the population. 

 We try minimize the distance of our estimator of truth, the sample 

statistic, from the truth itself by collecting quality data.

 We learnt to reason with the space between what we know (the 

sample statistic) and what we want to know (the truth).



Data Integrity : The Quality of Our Data

 We have learned that the pursuit of truth involves making 
every effort to minimize error and bias in our sample 
data.  

 We can only be confident our statistical analysis is 
accurate and valid if the data collected is of the utmost 
quality adhering to the necessary assumptions and 
conditions.

 No matter how knowledgeable we are in the methods 
and techniques of statistics analysis - if our data is of poor 
quality, then our statistical analysis will be of poor quality.



Meaning of Integrity

“Integrity is doing the right thing even when no one is 

watching” – C.S. Lewis



https://www.jci.org/articles/view/84722
https://www.jci.org/articles/view/84722
https://www.jci.org/articles/view/84722
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https://www.nytimes.com/2015/08/28/science/many-social-science-findings-not-as-strong-as-claimed-study-says.html
https://www.nytimes.com/2015/08/28/science/many-social-science-findings-not-as-strong-as-claimed-study-says.html


Many Psychology Findings Not as Strong as 

Claimed, Study Says



https://pubmed.ncbi.nlm.nih.gov/21280961/
https://pubmed.ncbi.nlm.nih.gov/21280961/


Feeling the Future: Experimental Evidence for Anomalous 

Retroactive Influences on Cognition and Affect

 This study was looking for evidence in favor of precognition

- foreknowledge of a paranormal kind of event – the ability of 

humans to predict something that has not happened yet

 This study conducted nine experiments on over a 1000 

subjects

 The researcher found that 8 out of 9 experiments conducted 

rejected the null hypothesis of no precognition in favor of the 

alternative that precognition exists. 



The Reasoning of Hypothesis Testing

 The first step in any hypothesis test is to clearly define your 

null and alternative hypotheses as follows.

 Null Hypothesis: No Precognition Exists

 Alternative Hypothesis: Precognition Exists

 The researcher should then run an experiment that tests for 

precognition collect the data, and analyze the results

 This is not what the researcher did. Instead, he went on a 

exploratory expedition until he found a statistically 

significant result.



The Reasoning of Hypothesis Testing

http:xkcd.com/882/

http://xkcd.com/882/


The Reasoning of Hypothesis Testing

 Every time we conduct an experiment where the null 
hypothesis is actually true, there is a 5% chance we will reject 
the null – a false positive

 As we conduct more experiments (where the null is in fact 
true), we increase our chances of a false positive

 When conducting multiple experiments in this way, the 
researcher needs to adjust their p-values (upwards) for 
the fact that false positives are more likely to occur

 In this study, the adjustment would have resulted in at least 
some (if not all) of the experiments failing to reject the null



The Reasoning of Hypothesis Testing
 For his first experiment, the researcher recruited 100 students from 

the psychology department at Cornell University volunteered and 
were given extra credit or $5 to participate 

 The participants sat in front of a computer screen with two 
curtains appearing on the screen

 For each of the 36 trials of the experiment, the participant had to 
guess which of the curtains would reveal an erotic image

 From the student’s point of view, the experiment was a test of 
clairvoyance 

 However, the specific picture was not placed behind one of the 
curtains until after the guess was made, making it a test of 
precognition



The Reasoning of Hypothesis Testing
 Null Hypothesis: Percentage of erotic images guessed correctly 

equal to 50%

 Alternative Hypothesis: Percentage of erotic images guessed 
correctly is greater than 50% (one-sided alternative)

 The average proportion of times that all 100 participants guessed 
correctly, 0.531 (or 53.1%), resulting in a p-value = 0.01

 With 3600 replications (or sample size), it is easier to declare 
statistical significance for even the smallest departure from 0.50. 

 The fact that these sort of experiments are also prone to 
systematic bias - inaccuracies in the measurement process, could 
be the primary reason for the statistically significant departure from 
0.50.



The Reasoning of Hypothesis Testing

 In their critique of this study titled “Why Psychologists Must 

Change the Way They Analyze Their Data: The Case of Psi,” 

the researchers allowed for the possibility of such small departures 

from 50% when analyzing the results of this research. 

 By using alternative statistical analysis tools (that are more 

sensitive to such small effect sizes), the researchers found little to 

no evidence for precognition in eight of the nine experiments 

conducted.

 It would not be surprising if the ninth experiment was statistically 

significant by chance due to sampling variation.



source : https://www.nytimes.com/

https://www.nytimes.com/2014/09/21/fashion/amy-cuddy-takes-a-stand-TED-talk.html


Amy Cuddy Takes a Stand – Sept 2014

source : https://www.nytimes.com/

https://www.nytimes.com/2014/09/21/fashion/amy-cuddy-takes-a-stand-TED-talk.html


New York Times Magazine – Oct. 2017

https://www.nytimes.com/2017/10/18/magazine/when-the-revolution-came-for-amy-cuddy.html
https://www.nytimes.com/2017/10/18/magazine/when-the-revolution-came-for-amy-cuddy.html


Power Posing: Brief Nonverbal Displays Affect 

Neuroendocrine Levels and Risk Tolerance

https://pubmed.ncbi.nlm.nih.gov/20855902
https://pubmed.ncbi.nlm.nih.gov/20855902
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Power Posing: Brief Nonverbal Displays Affect 

Neuroendocrine Levels and Risk Tolerance

 86.36% of HPP or 18 subjects took gambling risk

 60% of LPP or 13 subjects took gambling risk

 The χ2 test of independence resulted in a χ2 statistic of 3.86, with in a 
p-value = 0.0495!

Q. Why should we be skeptical about this result? How do you think the 
researcher might have obtain this statistically significant result?

Observed (Expected) Counts

Pose

Risk Taking HPP LPP Total

Yes 18 (15.5) 13 (15.5) 31

No 3 (5.5) 8(5.5) 11

Total 21 21 42



My position on “Power Poses” 
Dana Carney, a coauthor in the study who has since distanced herself 

from the research, said that some p-hacking did occur when analyzing 

the data. The use of the abbreviation “DV” is assumed here to mean 

“dependent variable”.

https://faculty.haas.berkeley.edu/dana_carney/pdf_my position on power poses.pdf
https://faculty.haas.berkeley.edu/dana_carney/pdf_my position on power poses.pdf
https://faculty.haas.berkeley.edu/dana_carney/pdf_my position on power poses.pdf
https://faculty.haas.berkeley.edu/dana_carney/pdf_my position on power poses.pdf
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Assessing the Robustness of Power Posing

The researchers used a sample size of 200 participants and found 

no statistically significant effect size for the three main outcomes 

of the original research, as shown in Table 10.1.



https://www.nytimes.com/2007/11/09/business/09merck.html
https://www.nytimes.com/2007/11/09/business/09merck.html




Analysis of 2 x 2 Tables: Risk and Relative Risk

 Another much used statistic that can be calculated from the a 
two-by-two table is known as relative risk. 

 Risk is a term used in epidemiology (the study and analysis of 
health outcomes and diseases in populations) defined as the 
probability that an event (such as heart attack or death) will 
occur. 

 Relative risk is a value that compares one group’s risk of a 
disease or outcome relative to another group. 

 Example: If the relative risk of a disease is 4, then the risk is 
four times as great for one group relative to another group



Analysis of 2 x 2 Tables: Risk and Relative Risk

Q. How do we calculate the risk of heart attack for HC and LC 
patients?

Relative Risk = Risk for HC patients/Risk for LC patients

= 0.02/0.01 = 2

Relative Risk = Risk for LC patients/Risk for HC patients

= 0.01/0.02 = 0.5

Group Heart Attack No Heart Attack Total

High Cholesterol 2 98 100

Low Cholesterol 1 99 100

Total 3 197 200



Comparison of upper gastrointestinal toxicity of rofecoxib

and naproxen in patients with rheumatoid arthritis

Q. What important statistical value is 

missing from the results related to 

myocardial infarctions (or heart 

attacks)?

Q. Do you notice a difference in the 

way relative risk was calculated 

across the results presented?

https://www.ncbi.nlm.nih.gov/pubmed/11087881

https://www.ncbi.nlm.nih.gov/pubmed/11087881
https://www.ncbi.nlm.nih.gov/pubmed/11087881
https://www.ncbi.nlm.nih.gov/pubmed/11087881


Vioxx and Heart Attacks

The relative risk was 0.4 for complicated confirmed events, 

calculated as follows:

Relative Risk = Risk on Vioxx/Risk on Aleve

= 0.006/0.014

= 0.4

It is accepted (and proper) practice to list the primary drug 

of interest (Vioxx) first and then the comparator drug 

(Aleve)



Vioxx and Heart Attacks
The risk of heart attack on Vioxx was 0.004 or 0.4 percent, 
representing the 17 patients who got heart attacks. The risk of 
heart attack on Aleve was 0.001 or 0.1 percent, representing the 
4 patients who got heart attacks.

The relative risk for heart attacks was presented as 0.2, 
calculated as follows:

Relative Risk = Risk on Aleve/Risk on Vioxx

= 0.001/0.004

= 0.25



Questions to Ask about this Study?
 Why cause confusion by not consistently calculating relative risk?

 Why would Merck present the relative risk as 0.2 (instead of 0.25) making 
Vioxx look worse when to comes to the risk of heart attack than it actually 
was?

 Why did Merck present the p-values for the primary analysis and not for 
the analysis of heart attacks?

 Why did peer review at the New England Journal of Medicine not question 
how the results were presented?

 How come the FDA did not catch the problems with how the results were 
presented?

 Did Merck know the drug was causing heart attacks before the 
drug was brought to market?



https://www.ucsusa.org/resources/merck-manipulated-science-about-drug-vioxx
https://www.ucsusa.org/resources/merck-manipulated-science-about-drug-vioxx


https://www.nytimes.com/2019/01/15/health/sacklers-purdue-oxycontin-opioids.html
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Sacklers Directed Efforts to Mislead Public 

About OxyContin, Court Filing Claims

www.nytimes.com

http://www.nytimes.com/


THE PROMOTION AND MARKETING OF OXYCONTIN: 

COMMERCIAL TRIUMPH: PUBLIC HEALTH TRAGEDY

The researcher discusses the massive marketing campaign 

conducted by Purdue Pharma. Also, when discussing the origins of 

the FDA approval of Oxycontin, he states the following:

The FDA’s medical review officer, in evaluating the efficacy of 

OxyContin in Purdue’s 1995 new drug application, concluded that 

OxyContin had not been shown to have a significant 

advantage over conventional, immediate-release oxycodone taken 4 

times daily other than a reduction in frequency of dosing.

Q. Why was a drug approved (that was highly addictive) if it was 

found to be no better than what was already on the market?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2622774/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2622774/
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Purdue Pharma Pleads Guilty to Criminal 

Charges for Opioid Sales – Nov. 30th, 2020

www.nytimes.com

http://www.nytimes.com/


McKinsey Proposed Paying Pharmacy Companies 

Rebates for OxyContin Overdoses – Dec 2020

www.nytimes.com

https://www.nytimes.com/2020/11/27/business/mckinsey-purdue-oxycontin-opioids.html
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McKinsey Proposed Paying Pharmacy 

Companies Rebates for OxyContin Overdoses

www.nytimes.com

http://www.nytimes.com/


https://www.nytimes.com/2020/12/05/opinion/sackler-purdue-pharma-doj.html
https://www.nytimes.com/2020/12/05/opinion/sackler-purdue-pharma-doj.html


The Sacklers’ Last Poison Pill – Dec. 5th, 2020



Integrity and Leadership

“May I stress the need for courageous, intelligent, and 

dedicated leadership... Leaders of sound integrity. Leaders not 

in love with publicity, but in love with justice. Leaders not in 

love with money, but in love with humanity. Leaders who can 

subject their particular egos to the greatness of the cause. “ 

– Martin Luther King



Martin Luther King's Last Speech: "I've Been 

To The Mountaintop"

 Martin Luther King used his natural intelligence and leadership 
skills to move forward a cause he truly believed in.  He had the 
courage and commitment to followed his path to truth until he 
reached the mountaintop.

https://www.youtube.com/watch?v=Oehry1JC9Rk
https://www.youtube.com/watch?v=Oehry1JC9Rk

