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04:41

http://www.kingston.ac.uk/
https://www.bbc.co.uk/programmes/p02nrss1/episodes/downloads
https://www.bbc.co.uk/programmes/p02nrss1/episodes/downloads
https://www.bbc.co.uk/programmes/p02nrss1/episodes/downloads
https://www.bbc.co.uk/programmes/p02nrss1/episodes/downloads
https://connect.open.ac.uk/science-technology-engineering-and-maths/more-or-less
https://connect.open.ac.uk/science-technology-engineering-and-maths/more-or-less
https://connect.open.ac.uk/science-technology-engineering-and-maths/more-or-less
https://connect.open.ac.uk/science-technology-engineering-and-maths/more-or-less


Statistical Literacy
Part I

http://www.kingston.ac.uk/


90% of Medical Research is False ! 

Statistical Literacy

Statistical literacy will make you a better thinker, scientist, and person who will 
not fall for misinformation, cheating and hoaxes. 

It is not about learning statistics; it is about statistical thinking. Go for it!

http://www.kingston.ac.uk/
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0020124
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0020124


• Statistical literacy as part of critical thinking
• Statistics and statistical thinking in our daily lives
• Statistical concepts we encounter every day 
• Critical appraisal of information in the misinformation age; catching cheaters 
• Unbiased thinking 
• Considering confounding in causality assessment
• Thinking about effect modification and interaction 
• Accuracy, precision, validity, reliability
• Sensitivity, specificity, predictive values 
• Predictive value & prevalence issue 
• Population level probabilities & individual 
• Factfullness 
• Statistical fallacies 
• Statistical blunders 
• Statistical Detectives: COM-PARE; StatCheck etc. 

Statistical Literacy

Statistical literacy will make you a better thinker, scientist, and person who will 
not fall for misinformation, cheating and hoaxes. 

It is not about learning statistics; it is about statistical thinking. Go for it!

http://www.kingston.ac.uk/


Statistical Literacy

Statistical literacy will make you a better thinker, scientist, and person who will 
not fall for misinformation, cheating and hoaxes. 

It is not about learning statistics; it is about statistical thinking. Go for it!

http://www.kingston.ac.uk/
http://www.statlit.org/Schield.htm
http://www.statlit.org/Schield.htm


Statistical literacy skills include being able to read, understand, and 

communicate statistical information

Statistical Literacy

Statistical literacy will make you a better thinker, scientist, and person who will 
not fall for misinformation, cheating and hoaxes. 

It is not about learning statistics; it is about statistical thinking. Go for it!

http://www.kingston.ac.uk/
https://www.futurelearn.com/courses/critical-thinking-at-university


Statistical Literacy

Resources: https://www.causeweb.org/stub/resources 

http://www.kingston.ac.uk/
https://www.causeweb.org/stub
https://www.causeweb.org/stub/resources


Statistical Literacy

http://www.kingston.ac.uk/


Statistical Literacy

And …. More………..

http://www.kingston.ac.uk/
https://www.google.com/search?q=House+of+Commons+Library+Statistical+Literacy+Guide
https://commonslibrary.parliament.uk/research-briefings/sn04944/
https://www.google.com/search?q=House+of+Commons+Library+Statistical+Literacy+Guide


Statistical Literacy

http://www.kingston.ac.uk/
https://www.nsta.org/science-scope/science-scope-januaryfebruary-2023


Statistical Literacy

Is That a Fact- A Field Guide for Evaluating Statistical and Scientific Information (2009)
https://www.amazon.co.uk/Evaluating-Statistical-Scientific-Information-2009-12-03/dp/B01FIY7ZJ6

http://www.kingston.ac.uk/
https://broadviewpress.com/product/is-that-a-fact-second-edition
https://www.amazon.co.uk/Evaluating-Statistical-Scientific-Information-2009-12-03/dp/B01FIY7ZJ6


Statistical Literacy

http://www.kingston.ac.uk/
http://www.statlit.org/Schield.htm
http://www.statlit.org/Schield.htm


Statistical Literacy

http://www.kingston.ac.uk/
http://www.statlit.org/Schield.htm


Statistical Literacy

http://www.kingston.ac.uk/


Statistical Literacy

http://www.kingston.ac.uk/
https://www.pearson.com/en-us/subject-catalog/p/statistical-reasoning-for-everyday-life/P200000007457/9780137561544


Statistical Literacy

http://www.kingston.ac.uk/
https://www.pearson.com/en-us/subject-catalog/p/statistical-reasoning-for-everyday-life/P200000007457/9780137561544


Statistical Literacy

http://www.kingston.ac.uk/


Statistical Literacy

http://www.kingston.ac.uk/


Statistical Literacy

Statistical literacy will make you a better thinker, scientist, and person who will 
not fall for misinformation, cheating and hoaxes. 

It is not about learning statistics; it is about statistical thinking. Go for it!

The examples in previous slides show how you can apply statistical literacy to 
any information that presents numbers. Statistical literacy does not require 

advanced level statistics; it is about statistical thinking. It is not about critical 
appraisal of a statistics. 

http://www.kingston.ac.uk/


Statistical Literacy

For more examples to begin with, visit the following links. 
There will be many more during this course. 

http://www.kingston.ac.uk/
https://www.datapine.com/blog/misleading-statistics-and-data/
https://www.statistics.com/famous-errors-in-statistics/
https://stats.stackexchange.com/questions/434128/famous-statistical-wins-and-horror-stories-for-teaching-purposes


Statistical Foundation

http://www.kingston.ac.uk/
https://app.dwo.nl/en/he/
https://hal.science/hal-01927707
https://onlinestatbook.com/
https://onlinestatbook.com/rvls.html
https://onlinestatbook.com/Online_Statistics_Education.pdf
https://openintro-ims.netlify.app/
https://leanpub.com/imstat
https://openintrostat.github.io/ims-tutorials/
http://openintrostat.github.io/oilabs-tidy
https://github.com/OpenIntroStat/openintro
http://openintrostat.github.io/openintro/
https://www.learnstatswithjamovi.com/
https://www.openbookpublishers.com/books/10.11647/obp.0333
https://openstax.org/details/books/introductory-statistics
https://statisticsbyjim.com/


Statistical Foundation

http://www.kingston.ac.uk/
https://statisticsbyjim.com/


Statistical Background:

Statistical Foundation

http://www.kingston.ac.uk/
https://www.rit.edu/criticalthinking/sites/rit.edu.criticalthinking/files/documents/Statistical%20Literacy%20by%20M.%20Schield.pdf


Statistical Literacy

Free online course by an expert on basic statistical background necessary for statistical literacy

http://www.kingston.ac.uk/
https://www.udemy.com/course/statistics-literacy-for-non-statisticians/


Statistical Literacy

Another online course on basic statistical background necessary for statistical literacy

http://www.kingston.ac.uk/
https://medium.com/co-learning-lounge/introduction-to-probability-and-statistics-in-data-science-170e63773708


Statistical Literacy

http://www.kingston.ac.uk/
https://www.bloomsbury.com/uk/critical-statistics-9781137609793/
http://www.daniellevitin.com/afieldguidetolies/


Statistical Literacy

http://www.kingston.ac.uk/
https://www.bloomsbury.com/uk/critical-statistics-9781137609793/
https://www.bloomsburyonlineresources.com/critical-statistics


Statistical Literacy

http://www.kingston.ac.uk/
https://ionicasmeets.com/
https://scholar.google.dk/citations?hl=en&user=BF9nPtMAAAAJ
https://scholar.google.dk/citations?hl=en&user=BF9nPtMAAAAJ
https://sciencemediahub.eu/2022/08/03/a-scientists-opinion-interview-with-ionica-smeets-on-hype-in-press-releases
https://www.youtube.com/watch?v=8B271L3NtAw
https://www.scientificamerican.com/article/statistics-are-being-abused-but-mathematicians-are-fighting-back/


Statistical Literacy

There are even software packages that would check the statistics in published papers 

Online version: 

http://www.kingston.ac.uk/
https://en.wikipedia.org/wiki/Statcheck
https://en.wikipedia.org/wiki/Statcheck
https://michelenuijten.shinyapps.io/statcheck-web/


Statistical Literacy

http://www.kingston.ac.uk/
https://www.youtube.com/watch?v=JG_gCIGFaQI
https://onlinelibrary.wiley.com/doi/full/10.1002/pmrj.12305
https://michelenuijten.shinyapps.io/statcheck-web/
https://rpubs.com/michelenuijten/statcheckmanual


Statistical Literacy

http://www.kingston.ac.uk/
https://www.wondrium.com/understanding-the-misconceptions-of-science
https://www.wondrium.com/understanding-the-misconceptions-of-science
https://secureimages.teach12.com/CourseGuideBooks/DG1397_8H6D2C.pdf


Statistical Literacy

Each chapter ends with 
a section like this!

An Online Statistics Book

http://www.kingston.ac.uk/
https://onlinestatbook.com/
https://onlinestatbook.com/


See also: 

http://www.kingston.ac.uk/
https://www.compoundchem.com/wp-content/uploads/2014/04/A-Rough-Guide-to-Spotting-Bad-Science-20151.pdf
https://www.badscience.net/
https://www.badscience.net/


https://www.geckoboard.com/uploads/data-fallacies-to-avoid.pdf
http://www.kingston.ac.uk/


Statistical Literacy
Resources to Develop Statistical Thinking

http://www.kingston.ac.uk/
https://www.fharrell.com/
https://paper.li/stn


Statistical Literacy
Resources to Develop Statistical Thinking

http://www.kingston.ac.uk/
https://sensiblemed.substack.com/
https://sciencebasedmedicine.org/
https://senseaboutscience.org/
https://www.acsh.org/about-acsh-0
https://www.factcheck.org/
https://www.factcheck.org/scicheck


Statistical Literacy
Resources to Develop Statistical Thinking

http://www.kingston.ac.uk/
https://catalogofbias.org/


Statistical Literacy
Statistical Thinking is More Important than Statistics Itself

http://www.kingston.ac.uk/
https://kamounlab.medium.com/death-by-statistics-e4fd7a17318


Statistical Literacy
Part II

Cognitive biases
Probability paradoxes 
Threats to validity of research results: chance, bias, confounding
  > How to minimise them: Epidemiologic study designs 
Statistical fallacies & logical fallacies
Pseudo-replication & junk science
Media hoaxes
Hyping health risks 
Lying with statistics
Assessment of statistical literacy 

http://www.kingston.ac.uk/


https://www.wiseinsights.net/lp-50-hidden-influences-wrecking-decisions 

Cognitive Bias

http://www.kingston.ac.uk/
https://www.wiseinsights.net/lp-50-hidden-influences-wrecking-decisions


Cognitive Bias

https://www.wiseinsights.net/lp-50-hidden-influences-wrecking-decisions
http://www.kingston.ac.uk/


See also: 

https://i0.wp.com/digitalintelligencetoday.com/wp-content/uploads/2015/09/20-Cognitive-Biases.png
http://www.kingston.ac.uk/


http://www.kingston.ac.uk/
https://sciencebasedmedicine.org/category/critical-thinking/


Cognitive Bias

http://www.kingston.ac.uk/
https://statisticsbyjim.com/basics/dunning-kruger-effect-definition-examples/
https://statisticsbyjim.com/


Biases about Probability

http://www.kingston.ac.uk/
https://www.cambridgemaths.org/Images/espresso_37_early_concepts_of_probability.pdf
https://www.cambridgemaths.org/


Probability: Monty Hall Problem

http://www.kingston.ac.uk/
https://statisticsbyjim.com/fun/monty-hall-problem


Probability: Prisoner's Dilemma

http://www.kingston.ac.uk/
https://www.cambridge.org/core/journals/think/article/prisoners-dilemma-paradox-rationality-morality-and-reciprocity/7C920D88243EB04C017820EFCBBC552A
https://www.horacemann.org/uploaded/HoraceMann/Images/News/2011-2012_News/James_Ruben_--_original.pdf


Improbability Principle

http://www.kingston.ac.uk/
https://plus.maths.org/content/what-coincidence
https://www.google.co.uk/books/edition/Fluke/wB29DwAAQBAJ


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://understandinguncertainty.org/node/545
https://understandinguncertainty.org/node/545
https://understandinguncertainty.org/node/545


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://plus.maths.org/content/beyond-reasonable-doubt


Prosecutor's Fallacy

http://www.kingston.ac.uk/


Prosecutor's Fallacy

Crucially, P(cancer|positive) is not equivalent to P(positive|cancer); that would be called "transposed conditional". Assuming 
equivalence would be the mathematical basis of "prosecutor's fallacy". In the above scenario, for example,  

P(cancer|positive) = 0.15  ≠  P(positive|cancer) = 0.90.  

http://www.kingston.ac.uk/
https://plus.maths.org/content/beyond-reasonable-doubt


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://academic.oup.com/aje/article/179/9/1125/103523
https://academic.oup.com/aje/article/179/9/1125/103523
https://academic.oup.com/aje/article/179/9/1125/103523
https://academic.oup.com/aje/article/179/9/1125/103523


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://www.goodreads.com/book/show/7972148-proofiness


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://academic.oup.com/aje/article/179/9/1125/103523


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://www.socscistatistics.com/bayes/default.aspx
https://academic.oup.com/aje/article/179/9/1125/103523


Prosecutor's Fallacy

Very possibly, as you're reading this, you are making the same mistake. Are you thinking "okay, so the odds aren't as extreme as 1 in 73 million, but 
they're still astronomically high. There's not that much difference between odds of 1 in 73 million and 1 in 100,000, so Sally Clark must still be guilty." If 
so, you're committing the "Prosecutor's Fallacy".

Simply put, this is the incorrect belief that the chance of a rare event happening is the same as the chance that the defendant is innocent. Even with the 
more accurate figure of 1 in 100,000 for the chance that a randomly chosen pair of siblings will both die of cot death, this is not the chance that Sally 
Clark is innocent. It is the chance that an arbitrary family will lose two children in cot deaths. It's not the most scary statistic you will ever read, but in a 
big country like England, even such improbable events will happen often enough. Are we to believe, with no evidence, that every mother bereaved in 
this way is a murderer, just because such an event will only happen a few times a year?  (https://plus.maths.org/content/beyond-reasonable-doubt)

http://www.kingston.ac.uk/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4934658/
https://plus.maths.org/content/beyond-reasonable-doubt
https://plus.maths.org/content/beyond-reasonable-doubt
https://plus.maths.org/content/beyond-reasonable-doubt
https://plus.maths.org/content/beyond-reasonable-doubt


Prosecutor's Fallacy

http://www.kingston.ac.uk/
https://www.youtube.com/watch?v=kLmzxmRcUTo
https://plus.maths.org/content/beyond-reasonable-doubt
https://rss.onlinelibrary.wiley.com/doi/full/10.1111/j.1740-9713.2005.00078.x


Assessed by the P value

No quantitative assessments for the rest

Threats to Validity of Research

https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-017-0399-0
http://www.kingston.ac.uk/


Statistical Noise

http://www.kingston.ac.uk/
https://www.encyclopedia.com/social-sciences/applied-and-social-sciences-magazines/statistical-noise


Statistical Noise

http://www.kingston.ac.uk/


Two colleagues have a dispute and they file complaints about one another.
Their line manager listens to both of them and hear their versions of the story. 

Truth

Person 1 Person 2

bias bias

Statistical Noise

The importance of listening to both sides of any story; or the 
argument and its counter-argument!

http://www.kingston.ac.uk/


Bias in Research

http://www.kingston.ac.uk/
https://sphweb.bumc.bu.edu/otlt/mph-modules/ep/ep713_bias/
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/Menu/index.html


Bias in Research

http://www.kingston.ac.uk/
https://www.jidonline.org/article/S0022-202X(19)30020-X/fulltext
https://www.jidonline.org/article/S0022-202X(19)30020-X/fulltext


Bias in Medicine/Health Care

http://www.kingston.ac.uk/
https://www.science.org/content/article/do-no-unconscious-harm-can-hidden-prejudices-medicine-stamped
https://www.unbiased.health/
https://implicit.harvard.edu/implicit/takeatest.html
https://www.amjmed.com/article/S0002-9343(19)30348-1/fulltext
https://www.sciencedirect.com/science/article/pii/S2452302X20303478


Survivorship Bias
Survivorship Bias

http://www.kingston.ac.uk/
https://statisticsbyjim.com/basics/survivorship-bias/
https://statisticsbyjim.com/basics/survivorship-bias/


XX X

X

Non-genetically 
determined cases

Genetically determined, 
clinically more aggressive cases

Deceased cases

Time since diagnosis

Incident cases Prevalent cases

Figure 4.2. The difference between an incident case group and a prevalent case group. If all consecutively 
diagnosed cases are included in the study, this incident case group contains all genetically and non-genetically 
determined cases. Genetically determined cases tend to be clinically more aggressive and die earlier than non-
genetically determined cases. If prevalent cases are recruited for a study, there will be a relative deficiency of 

genetically-determined cases. 

Bias in Medicine/Health Care
Survivorship Bias ~ Incident-prevalent Case Bias

In Genetic Association Studies

http://www.kingston.ac.uk/
http://www.garlandscience.com/product/isbn/9780815344636


Bias in Medicine/Health Care

http://www.kingston.ac.uk/
https://www.teachepi.org/teaching-resources/bias-case-studies/
https://www.teachepi.org/


Causality Assessment

http://www.kingston.ac.uk/
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/Menu/index.html
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/EP/EP713_Causality
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/EP/EP713_Causality


Causality Assessment

http://www.kingston.ac.uk/


In the 20th century, randomised controlled trials leapt to the top of the hierarchy of evidence-based medicine 
because of their ability to minimise confounding & isolate the therapeutic effect of interventions.

Hierarchy of Evidence 

https://www.foodinsight.org/Evaluating_Scientific_Evidence
http://www.kingston.ac.uk/


Observational Studies

http://www.kingston.ac.uk/
http://dx.doi.org/10.1016/S0140-6736(02)07451-2


Causal methods can be divided into randomized clinical trials (RCTs), natural 
experiments, and statistical models. The first two approaches can 

potentially control for both known and unknown confounders, while 
statistical methods control only for known and measured confounders. The 

criterion standard, RCTs, can have important limitations, especially regarding 
generalizability. 

Interventional Studies
Randomised Controlled Trials (RCTs)

https://jamanetwork.com/journals/jamapsychiatry/article-abstract/2757020
http://www.kingston.ac.uk/


Statistical Fallacies
Simpson's Paradox

Simpson's paradox is a phenomenon in which a trend appears in different groups of 
data but disappears or reverses when these groups are combined.

http://www.kingston.ac.uk/
https://github.com/EducationShinyAppTeam/Simpsons_Paradox
https://psu-eberly.shinyapps.io/Simpsons_Paradox/


Statistical Fallacies
Simpson's Paradox

http://www.kingston.ac.uk/
https://en.wikipedia.org/wiki/Simpson%27s_paradox


Statistical Fallacies

Total is lower for Hospital B, but in each subcategory, it has a higher rate

See: https://plus.maths.org/content/maths-minute-simpsons-paradox     

Simpson's Paradox

http://www.kingston.ac.uk/
https://plus.maths.org/content/maths-minute-simpsons-paradox


Statistical Fallacies
Simpson's Paradox

https://learningstatisticswithr.com/
http://www.kingston.ac.uk/
https://learningstatisticswithr.com/
https://learningstatisticswithr.com/book


Statistical Fallacies
Simpson's Paradox

http://www.kingston.ac.uk/
https://www.linkedin.com/pulse/texas-sharpshooter-fallacy-other-data-science-tamal-chowdhury/


Statistical Fallacies

It should really be Yule's paradox.

Trends in subgroups do not guarantee a 

trend in the same direction but may be 

reversed.

Screenshot is from Great Courses > 

Mind Bending Mathematics > Lesson: 

Strangeness in Statistics.

Other examples are given with good 

explanations including a medical 

example: a procedure B may be better 

overall to remove kidney stones, but 

procedure A may be better for both small 

and large stones.

Simpson's Paradox

http://www.kingston.ac.uk/


Statistical Fallacies

http://www.kingston.ac.uk/


Statistical Fallacies
Will Rogers' Phenomenon

http://www.kingston.ac.uk/


Statistical Fallacies
Berkson's Paradox ~ Collider Bias

http://www.kingston.ac.uk/
https://brilliant.org/wiki/berksons-paradox/
https://brilliant.org/wiki/berksons-paradox


Regression to the Mean (RTM)

http://www.kingston.ac.uk/
https://academic.oup.com/ije/article/34/1/215/638499
https://academic.oup.com/ije/article/34/1/215/638499
https://academic.oup.com/ije/article/34/1/215/638499
https://academic.oup.com/ije/article/34/1/215/638499


Regression Fallacy

Ignoring the statistical nature of 
regression towards the mean and 
attributing a causal or 
deterministic role to it. 

See also:

https://plus.maths.org/content/maths-minute-regression-mean 

http://www.kingston.ac.uk/
https://bluebox.creighton.edu/demo/modules/en-boundless-old/www.boundless.com/statistics/textbooks/boundless-statistics-textbook/correlation-and-regression-11/regression-46/the-regression-fallacy-219-2674
https://bluebox.creighton.edu/demo/modules/en-boundless-old/www.boundless.com/statistics/textbooks/boundless-statistics-textbook/correlation-and-regression-11/regression-46/the-regression-fallacy-219-2674
https://plus.maths.org/content/maths-minute-regression-mean


Statistical Fallacies
Winner's Curse

http://www.kingston.ac.uk/
https://statsthinking21.github.io/statsthinking21-core-site/doing-reproducible-research.html#the-reproducibility-crisis-in-science
https://statsthinking21.github.io/statsthinking21-core-site


Statistical Fallacies

http://www.kingston.ac.uk/
https://en.wikipedia.org/wiki/Misuse_of_statistics
https://www.fallacyfiles.org/


Fallacies

http://www.kingston.ac.uk/
https://www.fallacyfiles.org/
https://www.fallacyfiles.org/


Texas Sharpshooter

Related concepts: 

http://www.kingston.ac.uk/
https://academic.oup.com/humrep/article/32/7/1363/3852142
https://johndabell.com/2021/08/28/the-texas-sharpshooter-fallacy/
https://en.wikipedia.org/wiki/Texas_sharpshooter_fallacy
https://www.bayesianspectacles.org/origin-of-the-texas-sharpshooter/


Pseudoreplication

Do not use your replicates as independent samples; they are NOT!

http://www.kingston.ac.uk/
https://bitesizebio.com/8046/pseudoreplication-dont-fall-for-this-simple-statistical-mistake/
https://bitesizebio.com/
https://www.statisticsdonewrong.com/pseudoreplication.html


Pseudoscience / Junk Science

http://www.kingston.ac.uk/
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf


Pseudoscience / Junk Science

http://www.kingston.ac.uk/
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf


Pseudoscience / Junk Science

http://www.kingston.ac.uk/
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf


Pseudoscience / Junk Science

http://www.kingston.ac.uk/
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf


Pseudoscience / Junk Science

http://www.kingston.ac.uk/
https://skepticalinquirer.org/category/medical-pseudoscience-around-the-world


Media Hoaxes

http://www.kingston.ac.uk/
https://www.factcheck.org/
https://www.factcheck.org/scicheck
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf
https://www.badscience.net/2008/08/the-medias-mmr-hoax/
https://www.acsh.org/news/2009/01/05/health-hoaxes-and-health-hoaxes-revisited


Media Hoaxes

http://www.kingston.ac.uk/
https://nap.nationalacademies.org/catalog/18937/breast-cancer-and-the-environment-questions-and-answers-english-version
https://nap.nationalacademies.org/catalog/18937/breast-cancer-and-the-environment-questions-and-answers-english-version
https://nap.nationalacademies.org/catalog/18937/breast-cancer-and-the-environment-questions-and-answers-english-version


Randall Munroe's cartoon 
on statistical significance

Explanation

http://www.kingston.ac.uk/
https://xkcd.com/882/
https://xkcd.com/882
https://xkcd.com/882
https://www.explainxkcd.com/wiki/index.php/882:_Significant


(Social) Media Hoaxes

Detox, superfoods, fat, sugar and natural sugar, alkali water etc. 

http://www.kingston.ac.uk/
https://www.sciencefocus.com/the-human-body/weight-loss-myths/
https://www.sciencefocus.com/the-human-body/weight-loss-myths/
https://www.sciencefocus.com/the-human-body/weight-loss-myths/


Hyping Health Risks

http://www.kingston.ac.uk/
https://sciencebasedmedicine.org/hyping-health-risks/
https://understandinguncertainty.org/node/233
https://academic.oup.com/jnci/article/101/23/1596/2515785
https://www.panmacmillan.com/authors/robin-baker/fragile-science/9781447248996
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf


Hyping Health Risks

http://www.kingston.ac.uk/
https://www.sciencedirect.com/science/article/pii/S0140673607604541
https://www.sciencedirect.com/science/article/pii/S0140673607604541
https://www.sciencedirect.com/science/article/pii/S0140673607604541
https://www.sciencedirect.com/science/article/pii/S0140673607604541


Hype Curve (in Technology)

http://www.kingston.ac.uk/
https://www.gartner.co.uk/en/articles/what-s-new-in-the-2022-gartner-hype-cycle-for-emerging-technologies
https://www.gartner.co.uk/en/articles/what-s-new-in-the-2022-gartner-hype-cycle-for-emerging-technologies
https://en.wikipedia.org/wiki/Gartner_hype_cycle
https://en.wikipedia.org/wiki/Gartner_hype_cycle
https://en.wikipedia.org/wiki/Gartner_hype_cycle


Reported Risks are Inflated

Typically, risks associated with exposures are reported as exposed vs unexposed; or 
exposed at highest degree vs unexposed. Either has its pros and cons. It is best to get 
to the bottom of it and explore the data properly. 

http://www.kingston.ac.uk/
https://www.nytimes.com/2017/11/10/upshot/health-alcohol-cancer-research.html


90% of Medical Research is False ! 

Statistical Literacy

http://www.kingston.ac.uk/
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0020124
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.0020124
http://www.nicebread.de/whats-the-probability-that-a-significant-p-value-indicates-a-true-effect/
https://shinyapps.org/showapp.php?app=https://shiny.psy.lmu.de/felix/PPV


Statistical Literacy

This app is based on 
Ioannidis JPA (2005) Why most published research findings are false

http://www.kingston.ac.uk/
http://www.nicebread.de/whats-the-probability-that-a-significant-p-value-indicates-a-true-effect/
https://shinyapps.org/showapp.php?app=https://shiny.psy.lmu.de/felix/PPV
https://shinyapps.org/showapp.php?app=https://shiny.psy.lmu.de/felix/PPV
https://shinyapps.org/showapp.php?app=https://shiny.psy.lmu.de/felix/PPV


Statistical Literacy

This app is based on 
Ioannidis JPA (2005) Why most published research findings are false

http://www.kingston.ac.uk/
http://www.nicebread.de/whats-the-probability-that-a-significant-p-value-indicates-a-true-effect/
https://shinyapps.org/showapp.php?app=https://shiny.psy.lmu.de/felix/PPV
https://shinyapps.org/showapp.php?app=https://shiny.psy.lmu.de/felix/PPV


Comparing graphics with different scales or using scales that are unjustifiable 

Graphics with scales not including the zero to augment small differences 

Presenting relative risks without mentioning absolute risks 

Emphasis on statistical significance (P value) without any mention of 
clinical significance (effect size and 95% CI or margin of error) 

Survey with small sample sizes, biased samples or low response rates

Using percentages without giving the absolute numbers (denominators) 

Using averages without any indication of the spread (dispersion) and outliers

Using oddly specific intervals or follow-up periods

Not taking into account subgroups in the data 

Proving anything with statistics! 

Presenting an observed correlation as causal 

Things Cheaters Do

http://www.kingston.ac.uk/


Things Cheaters Do
P Hacking

http://www.kingston.ac.uk/
https://statisticsbyjim.com/hypothesis-testing/p-hacking/
https://statisticsbyjim.com/hypothesis-testing/p-hacking/


Misleading Graphs & Lying with Statistics

Things Cheaters Do

http://www.kingston.ac.uk/
https://www.youtube.com/watch?v=E91bGT9BjYk
https://www.youtube.com/watch?v=bVG2OQp6jEQ
https://www.youtube.com/watch?v=1F7gm_BG0iQ
https://www.youtube.com/watch?v=ETbc8GIhfHo
https://www.youtube.com/watch?v=mJ63-bQc9Xg
https://www.youtube.com/watch?v=kLmzxmRcUTo
https://www.youtube.com/watch?v=x-rDVXVwW9s


➢ P value does not prove anything, only indicates the probability of true-positivity (1 - P)

➢ P value is meaningless without the effect size (and its 95% confidence interval) 

➢ P value (> 0.05) is meaningless if the study does not have sufficient statistical power 

➢ There is no statistics for bias (with a few exceptions like publication bias testing in a 
meta-analysis) or confounding (other than statistical adjustment or controlling for a 
potential confounder if data is available); a small P value (< 0.05) does not rule out 
bias/confounding 

➢ Correlation does not mean causation

➢ Extrapolation beyond the limits of data is dangerous

➢ Most standard statistics assumes linearity (a highly strong non-linear correlation would be statistically 

significant with tests for linearity) 

➢ Using mean to represent complex data with high dispersion is dangerous

➢ Trends are more important than snap shots

➢ The absence of evidence is not evidence of absence 

Rules of Thumb in Statistics

http://www.kingston.ac.uk/
http://www.vanbelle.org/presentations.htm


A Dozen Rules of Thumb for Journalists (RSS)
https://rss.org.uk/RSS/media/File-library/News/2020/rss-number-hygiene-list-2014.pdf 

Rules of Thumb in Statistics

http://www.kingston.ac.uk/
https://rss.org.uk/RSS/media/File-library/News/2020/rss-number-hygiene-list-2014.pdf
https://rss.org.uk/RSS/media/File-library/News/2020/rss-number-hygiene-list-2014.pdf


Rules of Thumb in Statistics

https://rstudio-pubs-static.s3.amazonaws.com/201750_c17bc51d8553452d997ba4d258b0249f.html
https://rstudio-pubs-static.s3.amazonaws.com/201750_c17bc51d8553452d997ba4d258b0249f.html
http://www.kingston.ac.uk/


Common Mistakes in Research

https://www.sciencedirect.com/science/article/pii/S188319581000112X
https://www.sciencedirect.com/science/article/pii/S188319581000112X
http://www.kingston.ac.uk/


Insufficient statistical power

Misinterpretation of negative results (not considering  insufficient statistical power)

Using the wrong statistical test (overlooking trend tests); 
overlooking assumptions of a test

Treating replicates as independent observations 

Assuming linearity when it does not exist

Too much emphasis on the P value (statistical significance) as opposed to 
effect size and its confidence intervals (clinical/biological/practical significance)

Relying on the P value to validate the results, and mixing up statistical significance 
with practical significance

Unnecessarily categorizing continuous data
Using wrong adjustments 

Not considering interactions (effect modification) 
& many more…

Statistical Errors

http://www.kingston.ac.uk/


Statistical Errors

http://www.nature.com/polopoly_fs/1.14700!/menu/main/topColumns/topLeftColumn/pdf/506150a.pdf
http://www.kingston.ac.uk/


Statistical Errors

https://discovery.ucl.ac.uk/id/eprint/10083281/1/Makin%26Orban_published.pdf
https://journals.stfm.org/primer/2022/van-smeden-2022-0059
http://www.kingston.ac.uk/
https://onlinelibrary.wiley.com/doi/full/10.1016/j.pmrj.2013.01.012


Statistical Errors

https://www.sciencedirect.com/science/article/pii/S188319581000112X
https://www.sciencedirect.com/science/article/pii/S188319581000112X
http://www.kingston.ac.uk/


Statistical Errors

http://www.kingston.ac.uk/


Statistical Errors

http://www.medscape.com/viewarticle/546515
http://www.kingston.ac.uk/


Statistical Errors

http://www.kingston.ac.uk/
https://www.fharrell.com/post/errmed/
https://blogs.bmj.com/bmj/2021/07/05/time-to-assume-that-health-research-is-fraudulent-until-proved-otherwise/


Statistical Errors

http://www.kingston.ac.uk/
https://web.ma.utexas.edu/users/mks/statmistakes/StatisticsMistakes.html
https://web.ma.utexas.edu/users/mks/statmistakes/StatisticsMistakes.html


Statistical Errors

http://www.kingston.ac.uk/
https://www.statisticsdonewrong.com/
https://www.statisticsdonewrong.com/


Statistical Errors

Including the birthday problem and Monty Hall problem 

http://www.kingston.ac.uk/


Statistical Errors

Including the problem with averages, bias and causality

http://www.kingston.ac.uk/


Assessment of Statistical Literacy

http://www.kingston.ac.uk/
https://www.jstor.org/stable/1403713
https://www.jstor.org/stable/1403713


Assessment of Statistical Literacy

http://www.kingston.ac.uk/
https://bmjopen.bmj.com/content/8/8/e020847


Assessment of Statistical Literacy

http://www.kingston.ac.uk/
https://bmjopen.bmj.com/content/8/8/e020847


http://www.kingston.ac.uk/
https://statisticsbyjim.com/basics/importance-statistics
https://statisticsbyjim.com/basics/importance-statistics
https://statisticsbyjim.com/basics/importance-statistics
https://statisticsbyjim.com/basics/importance-statistics
https://statisticsbyjim.com/basics/importance-statistics
https://statisticsbyjim.com/basics/importance-statistics


Case Study

http://www.kingston.ac.uk/


Case Study

http://www.kingston.ac.uk/
https://skepticalinquirer.org/2019/03/antioxidant-megavitamins-for-brain-health-puffery-vs-fact/
https://skepticalinquirer.org/2019/03/antioxidant-megavitamins-for-brain-health-puffery-vs-fact/
https://skepticalinquirer.org/


Statistical Literacy
Part III

Assessment of Diagnostic Tests
(Sensitivity/Specificity, Positive/Negative Predictive Values, 
Accuracy/Precision/Validity/Reliability)
Critical Appraisal of Research Papers 

http://www.kingston.ac.uk/


Assessing a Diagnostic Test

You have a new diagnostic or predictive test. Congratulations! 

What proportions of truly diseased individuals have a positive result by this test? 

How much is good enough? 

What proportion of truly non-diseased individuals will have a negative result? 

How many times out of 100, does the test show a true positive or negative results?

If the test is positive, what is the probability that the individual really has (or will 

have) the disease? 

If the test is negative, what is the probability that the individual do not have (or will 

not have) the disease? 

How will you know it is better or worse than an existing (gold standard) test? 

http://www.kingston.ac.uk/


Assessing a Diagnostic Test

You have a new diagnostic or predictive test. Congratulations! 

What proportions of truly diseased individuals are identified by this test? How 

much is good enough? 

What proportion of truly non-diseased individuals will get a negative result? 

How many times out of 100, does the test show a true result (true 

positives/negatives)?

If the test is positive, what is the probability that the individual really has (or will 

have) the disease? 

If the test is negative, what is the probability that the individual do not have (or will 

not have) the disease? 

How will you know it is better or worse than an existing (gold standard) test? 

                                        Sensitivity [and false-negatives]

                                        Specificity [and false-positives]

                                         Accuracy [proportion of true positives + negatives]

Positive predictive value [probability of a positive test being a true positive]

Negative predictive value [probability of a negative test being a true negative]

Area under the curve of receiver operating characteristics analysis (AUC-ROC)

http://www.kingston.ac.uk/


30%

70%

Sensitivity = 0.70

30%

70%

Disease negative

False negatives = 0.30

True positives = 0.70

False positives = 0.70

True negatives = 0.70

Sensitivity & Specificity

Specificity = 0.70

Disease positive

http://www.kingston.ac.uk/


30%

70%

Sensitivity = 0.70

30%

70%

Disease negative

False negatives = 0.30

True positives = 0.70

False positives = 0.70

True negatives = 0.70

Sensitivity & Specificity

Specificity = 0.70

Disease positive

http://www.kingston.ac.uk/
https://www.e-epih.org/journal/view.php?number=1022


Sensitivity & Specificity

Check the video @ 
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/sensitivity-vs-specificity-statistics 

http://www.kingston.ac.uk/
https://www.statisticshowto.com/sensitivity-vs-specificity-statistics/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/sensitivity-vs-specificity-statistics


Sensitivity & Specificity

http://www.kingston.ac.uk/
https://www.causeweb.org/stub/2020/06/29/sensitivity-and-specificity-understanding-shortcomings-of-antibody-tests-with-the-covid-19-virus/


Sensitivity & Specificity

http://www.kingston.ac.uk/
https://www.e-epih.org/journal/view.php?number=1022
https://www.e-epih.org/journal/view.php?number=1022


Positive/Negative Predictive Value

Positive Predictive Value (PPV) is the ratio of patients truly diagnosed as 

positive to all those who had positive test results (including healthy subjects 

who were incorrectly diagnosed as patient, i.e., false-positives). This 

characteristic can predict how likely it is for someone to truly be patient, in case 

of a positive test result.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4608333

http://www.kingston.ac.uk/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4608333


Positive/Negative Predictive Value

http://www.kingston.ac.uk/
https://www.ncbi.nlm.nih.gov/books/NBK430867
https://www.ncbi.nlm.nih.gov/books/NBK430867


Accuracy & Precision

http://www.kingston.ac.uk/
https://statisticsbyjim.com/basics/accuracy-vs-precision
https://statisticsbyjim.com/basics/survivorship-bias/


Reliability & Validity

http://www.kingston.ac.uk/
https://statisticsbyjim.com/basics/reliability-vs-validity/
https://statisticsbyjim.com/basics/survivorship-bias/


AN IDEAL NEW ASSAY: 

Sensitive
Can detect a lower amount of the analyte than 
the established method (100% true positivity)

Specific
Only detects what it is supposed to detect (100% 

true negativity)

Accurate 
Results are close to the true/reference values 

(no deviation/bias, which can be systematic or 
non-systematic)

Precise
Repeat measurements yield similar results 
(not necessarily accurate results though)

Reliable 
Always yields similar results with accuracy

http://www.kingston.ac.uk/


Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://www.aerzteblatt.de/int/archive/article/63438
https://www.aerzteblatt.de/int/archive/article/63438
https://www.aerzteblatt.de/int


Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://www.aerzteblatt.de/int/archive/article/63438
https://www.aerzteblatt.de/int/archive/article/63438
https://www.aerzteblatt.de/int/archive/article/63438


Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://www.aerzteblatt.de/int/archive/article/63438
https://www.aerzteblatt.de/int/archive/article/63438
https://www.aerzteblatt.de/int/archive/article/63438


Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://www.pearson.com/en-us/subject-catalog/p/statistical-reasoning-for-everyday-life/P200000007457/9780137561544


Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://www.youtube.com/playlist?list=PL8MfjLNsf_miVcNu6eJMNigAMNwQkk_B9
https://www.youtube.com/playlist?list=PL8MfjLNsf_miVcNu6eJMNigAMNwQkk_B9


How was sampling done? Is the sample random and representative of 
the population? Is the sample size large enough? Was a sample size 
calculation performed for sufficient statistical power? Are baseline 
characteristics comparable in comparison groups? 

Are 95% confidence intervals provided? Is 
the sample size as large as possible? 

Is the paper claiming to have proven anything. The 
results should be used to confirm or refute the 
(alternative) hypothesis (if there was one to begin 
with). 

Are the results supported by valid data? Is it a 
randomized, blinded study (or observational)? What is 
the response/drop-out rate? Are there extrapolations? Is 
causality implied/assumed or assessed? 

Is the absolute risk change given (or just relative changes)? Is the effect size given? Is 
clinical/biological significance discussed? Are bias and confounding minimized and 
assessed? Is it a peer-reviewed study and published in a reputable journal? 

Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://www.nsta.org/science-scope/science-scope-januaryfebruary-2023


Critical Appraisal of Research Papers

http://www.kingston.ac.uk/
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/EP/EP713_CriticalReview/EP713_CriticalReview-TOC.html
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/Menu/index.html


Statistical Literacy

If I had to choose one general characteristic that cuts across smart people it 

would be scepticism - the ability to ask oneself and others if the conclusions 

and data are correct. Smart people silently or openly say, “What is the evidence 

for this or that idea? Why should I believe this? Are there other explanations for 

the data? Is there another way to explain the data? What do you mean when you 

say this?” If you routinely ask such questions, even when dealing with subjects 

out of your own area of expertise, you will be well off. Certainly, this is true in 

the political arena. We have just had a terrible brouhaha -fiasco, is more like it -

over the war in Iraq.

http://www.kingston.ac.uk/
https://www.jstor.org/stable/26491296
https://www.jstor.org/stable/26491296


Quiz: Critical Thinking

http://www.kingston.ac.uk/
https://www.criticalthinking.com/critical-thinking-quiz


Quiz: Statistical Literacy

http://www.kingston.ac.uk/
https://connect.open.ac.uk/science-technology-engineering-and-maths/more-or-less
https://connect.open.ac.uk/science-technology-engineering-and-maths/more-or-less
https://www.bbc.co.uk/programmes/p02nrss1/episodes/downloads


Final Word

Do not despair!
Science will show the way…

http://www.kingston.ac.uk/


Further Reading

http://www.kingston.ac.uk/
https://unece.org/statistics/making-data-meaningful


Books for Further Reading

http://www.daniellevitin.com/afieldguidetolies/
http://www.kingston.ac.uk/


Books for Further Reading

http://www.kingston.ac.uk/
https://www.acsh.org/sites/default/files/Little%20Black%20Book%20of%20Junk%20Science.pdf


Further Study

https://www.thegreatcourses.com/
https://www.thegreatcourses.com/courses/skepticism-101-how-to-think-like-a-scientist
https://www.thegreatcourses.com/courses/your-deceptive-mind-a-scientific-guide-to-critical-thinking-skills
https://www.thegreatcourses.com/courses/medical-myths-lies-and-half-truths-what-we-think-we-know-may-be-hurting-us
https://www.thegreatcourses.com/courses/the-skeptics-guide-to-health-medicine-and-the-media


Further Study

https://www.ted.com/
https://www.ted.com/topics/statistics


Further Study

https://www.ted.com/topics/statistics
https://www.ted.com/topics/statistics
https://www.ted.com/


Further Study

https://www.ted.com/playlists/479/statistically_speaking
https://www.ted.com/playlists/479/statistically_speaking
https://www.ted.com/playlists/479/statistically_speaking
https://www.ted.com/playlists/479/statistically_speaking
https://www.ted.com/


**** Further Study ****

http://www.kingston.ac.uk/
https://www.youtube.com/playlist?list=PL8MfjLNsf_miVcNu6eJMNigAMNwQkk_B9
https://www.youtube.com/playlist?list=PL8MfjLNsf_miVcNu6eJMNigAMNwQkk_B9
https://web.randi.org/apps/search?q=harriet+hall


http://www.dorak.info

http://www.dorak.info/
http://www.dorak.info/mtd/critical_thinking_dorak.pdf
http://www.dorak.info/mtd/critical_skills_dorak.pdf


http://www.dorak.info

http://www.dorak.info/
http://www.dorak.info/
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