Making a large teaching collection
usable

James Hanley
Department of Epidemiology, Biostatistics and Occupational Health

McGill University, Montréal, Québec, Canada

Invited presentation
June 2, 2026

Annual Meeting of Statistical Society of Canada






L7e Mwiive )
= f._.___'l'E MERCE&NES‘--'EEBRY—W?QFSQRUD[;,“TP .

y t ” > —

R BROS S RUD py

Wi ne Me rehan s, ,

Down the Victorian
data mine







30-second anonymous survey (optional)






OUTLINE


https://jhanley.biostat.mcgill.ca/120_second_bio.pdf
https://jhanley.biostat.mcgill.ca/Library/StatementJune2023.pdf

OUTLINE

+ Short pictorial bio @*iink

» The online resources my teaching approach has
produced
@ link

» Towards a catalog that makes them findable &
usable by other teachers
— Plan
— Examples

— Request for feedback and collaboration


https://jhanley.biostat.mcgill.ca/120_second_bio.pdf
https://jhanley.biostat.mcgill.ca/Library/StatementJune2023.pdf

DIy, B el
Lo e

ATLAMIIC -
-
ocran -

Ot Swa
PR




UNIVERSITY COLLEGE CORK
Coliiste na hOllscoile Corcaigh

BSc (Mathematics/Statistics) 1968
MSc (Mathematics/Statistics) 1969

Secondary School, 1960-1965

St. Brendan' s College, Killarney, Co. Kerry



: Bnmrmm
CANCER INSTITUTE

BIOSTATISTICS
Harvard School of Public Health
Batan, Massachusetts




GRADES 4-7
(another teacher)

s WA

: GRADES 0-3

https://jhanley.biostat.mcgill.ca/Reprints/
ThingsTheyDontTeachYou-JHanley.pdf



https://jhanley.biostat.mcgill.ca/Reprints/ThingsTheyDontTeachYou-JHanley.pdf
https://jhanley.biostat.mcgill.ca/Reprints/ThingsTheyDontTeachYou-JHanley.pdf

52

UNIVERSITY COLLEGE CORK
Coldiste na hOllscoile Corcaigh

e — = .

BSc (Mathematics/Statistics) 1968
MSc (Mathematics/Statistics) 1969

https://jhanley.biostat.mcgill.ca/Reprints/
ThingsTheyDontTeachYou—-JHanley.pdf


https://jhanley.biostat.mcgill.ca/Reprints/ThingsTheyDontTeachYou-JHanley.pdf
https://jhanley.biostat.mcgill.ca/Reprints/ThingsTheyDontTeachYou-JHanley.pdf

MY HOME PAGE, 2026


https://jhanley.biostat.mcgill.ca

MY HOME PAGE, 2026

ese M- < G ~ A @ QOB jhaniey biostat megilLca @ ~ A @ Q|8 Janiey blost
S22 gpvel @umom Sk Weben Qoum Moma Sov S S5 Blen Sow Fom Soer Mesh Qvms Moms Son See S Bl
0] Home Page of Jamas ESasrmus) Hariey - [ Home Page of Jamas (Sas
Course Material
Lo ‘ " "
T McGill et universiny = [ Backa Home Page ]
105491 Eridemlsion Exce 4 Batlatioud Sedals (il 6 0
Professor Emeritus ik Misaer Ea B0
487 prnliml staliakicas aca-l dala atelrels dEisies 163 ikl OF
GRS Aalvaie b BeROrn Mrities (Fall 2elgs OF
pag megliLca 2
James Hanley Computatiosal snd Dats Systems Iaitlative
E-mall  james.hanley@megil.ca hoatomy & £atd Bialegy
Emeritus Professor Enginearisy (Comcordia): Cosmsnicesien O
Biostatistics. Blosase
MeGill Univarsity +1(514) 3086270 DR Ly P STTRA PR T R RETIEY.
o Euanlanies is medlenl Livesavers.) Risk) e el 3l OF
Home ey & EP-A0 Gmlner i Enideioli PS stedesns (Fall 2600 OF
----.. ey iy eris-404 gareival doalvais & Belaved Losice wiater §941 OF
Interviews-Raprints-Talks Google Scholar EFIR-4% gtanistical Inferesce 11 Juse 2004 OF
Public Lecture - EFTS-481 Data Aoaivais B1 (ister 30941 OF
| 297 o
Enidemick e ta smesd_rall dtai
Search, via Google, for material on this site: TR0 Praglics. Wiales 3633 B
Cancer Screening ia sowch & WATHS) EesbadiLiny. Sheary ur 1oi) O
—
Software ERIa-41 Lectaces i €18 == oy 1333 OF
60th Anniv. of O Walcome to this site, which | have maintained since the 1800s. Pt -
- = Risks wad Sazacds OF
Historical Maberial In July 2023 | moved it o a new server, with a new domain name. ::::::“ o
IBC2006-Montréal Feal froo to browsafuse the materdals, If you notice a link that is not working, e =t
St Brendan's 2015/2025 or find any errors in the matesial (or if you want 1o discuss any of the topics)
please foel lree 1o contact me. BEO A,
James Hanlay
2023.07.18

™ link


https://jhanley.biostat.mcgill.ca

A GUIDING PRINCIPLE



A GUIDING PRINCIPLE

Start with the QUESTION
not the method
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» Homegrown exercises (added year after year)

Full reports of real-world studies (historical + recent)

Associated datasets
» Course notes (written, not slides)
» "Teaching’ articles (students/collaborators + jh)

* Online demos of concepts (animations, video links)
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» Homegrown exercises (added year after year)

Full reports of real-world studies (historical + recent)

Associated datasets
» Course notes (written, not slides)
» "Teaching’ articles (students/collaborators + jh)

* Online demos of concepts (animations, video links)

UN-CATALOGUED — effectively invisible



A set of exercises used in a course [ bios601/hw_sampling2023.pdf |



How Deep is the Ocean?
{A song - soe Wikipedia - and an article - soo Significance Dec, 2014}

1 What percentage of the world's surface is
covered by water?

The data provided by the Seripps lastitution of Ok iy | ibile via,
mrupe A Jhaadey Blestat acgill . cnfbseesd)/ Burveps Dennnagraphy/ CATI Provide an answer,
but some wark is required on your part.

i I provious years, studests drew a shnplo randos sample of 200 locations

o the Earth's surface,” and obtained from the SREM30 PLUS dotalsse
the land elovntion or ocean depth at each of these, This year, to save
somee time?, both the drawing of the sumple, ssd the 200 databes
lookups havo alresdy beon dome for you - thero are soveral | eov fils
(62 if JH has cousited cormectly) from previous years at the bottom of
the 'Ocennography Duta’ webpage. To nvoid picking the same datafile
a8 another studont, use yous birthday yyyymedd as the oight digit angu-
ment in the set . ased{} function in K, and sample | frem the numberns
1 10 62 using the sanple(1:62,1) call. From the ‘readings’ in your se-
lected file, caleulate a point estimate of the percentage.” Also caloubate
u (probabilistic) margin of ervor (ME): do this by caleulating  standard

A set of exercises used in a Course [ bios601/hw_sampling2023.pdf |

Cowrse BIOS601: Warmup ASSIGNMENT on Sampling and its Ervor - asd Various Other Concepite. [underline = link|

Fall 228 v, July ;1

Bl If you are — amd even if you are not - fisd an osline caleulator)/table that
yields an ‘exmct” confidence interval. Compare the “exact’ interval with
the ‘approximate’ ono above,

iv. Using what you are able to find online or from your text boaks, expliin to
a relative who s an engineer how exactly this “cxact” confidomce interval
is caloulated and how the principles behind it differ from those behind
the usual cne. [We will come back to this in o later class].

v. The root mean squared error inchudes both sumpling varintion and nen-
sampling ervom. Your margin of error is limited to the sampling variation,
and is modualated by the cholc of 'n.' It doms not inchede non-sampiing
errors,! Describe ose possible source of pon-sampling error in this par-
ticular costext of ocean depths.

Also, describe an unrelated example you would use to describe non-
sampling errors to a b [ittormet. searching is encourngod, bit
plense cite the souree if you foumd this exmmple online, or in & texthook|

2 What is the average depth of the ocean?

L From the sebovant obsorvations (from among your 200), estimate the mean
ocean dopth, asd caleulute an accompanylng ME. * Even though there bs o
random component o it, pretend that the snmple size was pr

. Ame you worrbd about the appropristeness of using 1.96 (and the Normal
distribution) for 05% confidence” Why,'why mot?

3 Ensuring that a sample of n' locations will
yield n = 200 [or more] usable ones

error, and mltiplying it by sy 1.96 5o that you can make » probabilisti
stalement. [Again, use o senible no. of decimal places]

i Are you worried nbout the appropristencss of using 196 (and the Normal
distribution] for the 95% confidence interval? Why,/why not?

& Molan's Tomching Statistics: A Bag of Trickn (am ohook st bl
wsting way of asmplg ul remmatks on this peok
Tocday, o corehd simply soom all th way o5t in c.‘...;.. Miagm, and spin!

o arw mill 4o got your cwn

o mot show off o many docimale you m“..-xh-u.» B your parests asked you
‘whas eroentage you got. how many digits would you give 1hem? Same applies 10 cther Os!

- How big must " be in order to have & good chance (say 805%) that it will
yield st bt 200 usable ones (L. ocean locatbons)?

ii. What if you smpled sequentially until, st the n'-th draw, vou reached
2001 usable cne? What distribution describes the random wriable

i & “Did-amling” STTor a8 ol Chial B 6ol
T 7 lded, I teart I #9mbt ‘rpevamtic orver I vkt
a.u-,. “will jaut mmake the answer more wrang!

i g oy make s 0 reducs yous ' mecordingty. Some students In peerious years
oontimucd o use an m of 2001

iliind vy vkisgl bigter and
1, tuking an evm




A set of exercises used in a Course [ bios601/hw_sampling2023.pdf |

Course BIOSH01: Wasiup ASSIGNMENT oi Sampling and its Error - and Variois Other Concepla. Jundetline = link]

Fall 2023 v. July 31

T mmuuemlmhandmlhpemlﬂee{p\mmd;whwlhe
value of the that

4 More efficient (or more practical) sampling
strategies

{ Viery bricfy) describe the circumstanced”|in which & sampling scheme other
tham s.1.5 (systematie, stratified, chister) whd affor either practical or statis-
tical efficiency sdr ‘mention alsa th i f these schemes [text-
book and internet searching encouraged - if you scknowledge the souseel],

5 Oh Oh

{a) Owe way to obtain random (A=longitude, $=latitucde] locations is as A ~
Uf-=,=), and & ~ palf () = (1/2) cosl} on (~= /2, =/32).

Figure 4B (p. 10) wns considered too technical for the Significance articlo,
It s incladed on p.10 below to help explaln how one could ssmple the &5,
Think of a longitudinal-based section of a (pu-ea:lly sphericall] orange, and
of how wide it is at ‘latitude’ ¢ compared with bow wide it is at ‘latitude’
0O fon the equator]. I ks the samo as the selationshlp between the west-east
distance between two locations at the same batitede (mg. & = 45.5N), bat
say | degree longitude apart, and the (approx. 100km) west-east distance
between two locations on the cquator, also | dogree longitude spart, I we
take the distance at the equator to be 1, the the distance at “lntitude’ ¢ is
coa(@). Thas, in any chosen longitade-based section the number of
bocatlons at latitude @ should be cos(d) times the mumber sampled at the
exqubor,

- Ue your datasot of 200 ta check that the random locations produced by this
method [ivplemented in the R code used to crente the personnlized datosets
for question 1(3)] appear to be snsible.

[@uestion 14, The Locations of the Stars, fakes up the question of randomuess,
Jrom a different vieepoint!]

T s vnset” - pe and g fanetions for (s disuitetion, bat - glves Uk sumbes
Invobvied — the caleulations can sl be rasonably appmcimated | pou ke just it man

and vriance.
"The Cross-Casads Sarvey of Radon Concestrations in Momss |Ressurces] might heip.

1) A rescarcher spent the entire reseanch biadget on a sample of 200 locations,
using A ~ U{—=, =), but ¢ ~ Ul{-=/2,7/2).
-Luplnnwivlhhmyhngmemhwd. have & few
words on this]. Are the reulting data worthless? Or, do you think we coald
recover something from them?

- Using the information in (a), suggest a way to correct far the researcher’s
eversampling of locations further from the equator,

) Search anline (or in your texthooks) for ways to draw random samples from
& non-uniform contimous distribution, List ones that are easy Lo implement
when only the (i) pf, (i) CDF has o closed form.

{d) The rationabe behind the ‘inverse CDF* method is often missed - and
not ensily recalled yenrs Eater — if students go through the ‘proof” as a mere
“math-star’ or caleulus exercise.

Figure 48 (p.10) lrﬂ w0 explain the ‘inverse CDF” method in pictures rather
than via caleulias®]

Pages 11-12 are notes from 2010, with yet another plot of wesf-east Bnes laid
enad to end - anothor attempt to ‘explain’ it in this same ‘sampling Latitodes”

comtext.

The sttempt on page 13 wes an unnamed contimous random varisble, buat
starts with a simple discrete version that might make the methods mare in-
tuitive,

» Now the test of whether any of these three attempts succeeded: in. your
own words, explain to that same relative of yours how exactly the imverse
CDOF methods works. 17 you don't like the examples fexplanations JH has
provided, foed froe to mulee up your own ¥

*Thim article s F——— g — _ar originally
b-da.a....m....d..n.q. -d.d_npmn(m.mﬁndmmm.a_m
7 bl ) s and too technical

by
any st it  there ey tore/Sewre pople betwrm the 85h und S6Lh percrntile than
herw are butwaen the 5th and Bth, or 05tk and D61RT This Lascher was alsa quit fasy
about words, and abeut using fhe woer ‘percentiie’ correctly; so he would probably have
Rakan exveption to JI's sying percentiles are numbed 1-100
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Question 1 : What % is covered by water?

i. In previous years, students drew a simple random sample of 200 locations
on the Earth’s surface,! and obtained &ormm 933 million locations
the land elevation or ocean depth at each of these. This year, to save
some time?, both the drawing of the sample, and the 200 database
lookups have already been done for you — there are several .csv files
(62 if JH has counted correctly) from previous years at the bottom of
the ‘Oceanography Data’ webpage. avoid picking the same datafile
as another student, use your birthday yyyymmdd as the eight digit argu-
ment in the set.seed() function in R, and sample 1 from the numbers
1 to 62 using the sample(1:62,1) call. From the ‘readings’ in your se-

lected file, calculate a point estimate of the percentage.® Also calculate
a (prombilmm: do this by caleulating a standard
error, and multiplying it by say 1.96 so that you can make a probabilistic
statement. [Again, use a sensible no. of decimal places|

ii. Are you worried about the appropriateness of using 1.96 (and the Normal
distribution) for the 95% confidence interval? Why/why not?

1Ch 9 in Gelman & Nolan's Teaching Statistics: A Bag of Tricks (an ebook at McGill
Library) has an interesting way of sampling, and other useful remarks on this problem.
Today, one could simply zoom all the way out in Google Maps, and spin!

*You are still welcome to get your own ‘from scratch,’

3Do not show off how many decimals you (R) can calculate. If your parents asked you
what percentage you got, how many digits would you give them? Same applies to other Qs!
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HOW A TEACHER MIGHT DESCRIBE IT

* | need ...
— Concept (What statistical idea?)
— Level (For which students?)
— Type (How is it used?)
— Context (What is it about?)

— Hook (Why is it engaging?)
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ONE EXAMPLE — MANY ENTRY POINTS

L]

Concept: sampling, variability, estimation

Level: introductory / intermediate

Type: in-class discussion, assignment

Context: environment; climatology

Hook: surprising scale, real measurements, history
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TOWARDS A USABLE CATALOG:
A SIMPLE STRUCTURE

» Concept
* Level
* Type
» Context
* Hook

Each 'facet’ has a small ‘controlled vocabulary’

* Not perfect
* Not exhaustive
+ But consistent



FROM SEARCH TO USE

Search — Scan hits — Decide — Use
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Proposed CONTEXT values

© N O R~OD -

Health / Medicine
Biology

Environment

Education

Demography / Population
Technology / Engineering
Social

Mathematical



Proposed TYPE values



Proposed TYPE values

N Ok~

In class prompt/discussion
Exercise

Project / extended task

Data exploration

Concept illustration
Assessment item (quiz/exam)
Case study



Proposed LEVEL values



Proposed LEVEL values

1. Introductory
2. Intermediate
3. Advanced
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Proposed HOOK values

 Surprising result

+ Counterintuitive finding

* Real historical case

» Big data

* Policy relevance

* Human story

* Measurement challenge

* Neat device/app/demo/story



CONCEPT values - starter backbone



CONCEPT values - starter backbone

Data & Measurement

— types of variables | measurement error | consequences
Descriptive Statistics

— quantiles | location | spread | shape | misinterpretations
Study Design & Sampling

— experimental vs observational | survey methods
Probability & Distributions

— calculations | models | discrete | continuous
Statistical Inference

— estimation | confidence intervals | hypothesis testing
Modeling & Relationships

— correlation | regression | assumptions

L]

L]
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WHAT THE SYSTEM IS TRYING TO DO

* Not: find the perfect item
« But: narrow to a small, usable set

Goal: about 5-10 relevant items

So that:
* the teacher can quickly scan the descriptions of them
+ and decide if one might suit.
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HOW A TEACHER WOULD SEARCH

Concept [~ Level =] Type
Data & Measurement & Introductory Short discussion/prompt
Descriptive Statistics Intermediate Exercise

Study Design & Sampling Advanced J Project/ extended task
Probability & Distributions Data exploration
StatisticalInference Conceptillustration
Modeling & Relationships | Assessment item (quiz/exam)

Case study

Health / Medicine Surprising result

Biology Counterintuitive finding
Environment Real historical case
Education Big data

Demography / Population Policy relevance
Technology / Engineering Human story

Social Measurement challenge

Mathematical ) Neat device/app/demol/story
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* What percentage of the Earth’s surface is covered by water?
» What is the average depth of the ocean?

* What happened to this person’s physical activity over the years
2010-20217

* How does the fuel economy of the newer family van compare
with its predecessor?

* When will the ice break up this year? How close were the 0.25M
bets?

+ Do children provided with milk at school grow more?

» Does the switch to/from daylight savings time affect rates of
motor vehicle accidents?

* Mystery Canadian Data: what was going on?

* How to determine the efficacy of the first iteration of the Salk
polio vaccine?



SAY THIS ONE LOOKS PROMISING...

* What percentage of the Earth’s surface is covered by water?
» What is the average depth of the ocean? :‘ﬁt

* What happened to this person’s physical activity over the years
2010-20217

* How does the fuel economy of the newer family van compare
with its predecessor?

* When will the ice break up this year? How close were the 0.25M
bets?

+ Do children provided with milk at school grow more?

» Does the switch to/from daylight savings time affect rates of
motor vehicle accidents?

* Mystery Canadian Data: what was going on?

* How to determine the efficacy of the first iteration of the Salk
polio vaccine?
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Title: What is the average depth of the ocean?

Concepts: Study Design & Sampling; Statistical Inference

Level: Introductory
Type: Exercise; Case study

Context: Environment
Hook: Big data

Materials:  Background articles | exercise | samples | teacher notes | code
Calculus/Math-stat  No

Length:  15-30 minutes

Specific hook: 19! century scientist & model; 215! century validation(N = 9.3 x 108)



DRILLING DOWN INTO CATALOG ENTRY

Title: What is the average depth of the ocean?

Concepts: Study Design & Sampling; Statistical Inference

Level: Introductory
Type: Exercise; Case study

Context: Environment
Hook: Big data

Materials:  Background articles | exercise | samples | teacher notes | code
Calculus/Math-stat  No

Length:  15-30 minutes

Specific hook: 19! century scientist & model; 215! century validation(N = 9.3 x 108)

Progressive disclosure: scan — click — adapt — use






MEASUREMENT

Course BIOS601: The Quality of Measurements and the Effects of Measurement Error,
Fall 2023, v. 09.06

Being approximately
correct and being
precisely wrong

PREFACE

Few general statistics textbooks' deal with the topic of measurement error.
However, it an important topic. Measurement error is present in all scientific
work; while it can sometimes be lessened with careful planning and extra
effort, it cannot be completely avoided. It some contexts it just adds noise and
makes signals harder to detect. But in others, its effects are both more subtle
and more serious: it systematically shifts the parameter estimates produced
by models.

Its effects become more complicated and unpredictable in larger statistical
models with two or more measured-with-error variables. We will restrict at-
tention here to simple comparative situations involving one X and one Y. We
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Coarse BIOSE01: The Quality of Messurements and the Effects of Messurament Error,

EXERCISES

1. Refor o the descriptions of the SMOG index, the Fry methed, the Flesch
Reading Ense, asdl the Flesch-Kineald Grade Level, for measuring read-
abitity (usder Risourees for Messurement /Sarveys) 1] [Also, see Q29]
For the artcde or text you have chosen (as per discussion in class), ran-
domly seloct thron separate 100 word passages, and use this set of theee
pussages to measare the readability (F)) using the Fry graph. Rather
than do so manually, you can use the SMOG ealeulstor to determmine the
average number of sestences and syllables per bundred words, Repeat
the resdability messurement (Fy) with o second different set of three
passages, Hepeat oncn mare (F), using a thind st
Valayg tsemes snsmoe thees sets, calculat the SMOG index, the Flosch Rosd-
ing Ease, nnd the Flesch-Kinenid Grade Level
For enach inde, wse the 3 estimates to calculste the standard error of
mensuremsent, and the coefficient of variation. Comment.

2. Propose o method to assess the validity of a readability index.

-5, Derive the link between the standard error of measurement and
nss correlation) relinbility coefficient [lst line, column 1, pl6
above,] Hint: % simply o matter of using the definition of
“Math-Stat"

I seetion 3 (p. 23 of notes) of Relationship betwoen test-

is Galton (16221311} found that the correlation betwoen {self.
reporied) parental and (adult) offspring heights was strosgest for the
ome betwoen father and son [0.396 £ 0.024], asd woskest for the one be-
tween mother and daughter [0,3%4 £ 0.028], Given the way he obtained
the measurements, can you lmagine why this was? 11 [Tt was 0,020,027
fumhkmnmgmh-mua;mr]

10 ol heac | oo lh-ln
vereuting toal; I's mot clor f ‘male 8' commerrially, oe was bowgnt by another

A far n-wmuh.-m-uwmuudnmm
,—.nl,,h-umm,-n,_u amwwer with Kiarl Praron's explanation:  =Why Gal-
Lo gut defievest parvat-ofivpriag comsiations in belghts® Byipa ./ Fhuley. bioeat oghil.cal
bioatL arepn/pearsonl Bival SackEApIT- 10,548 abd alis kisk al “whiy he (KF) ot larger

%

Fall 20123, w. 09,06

7. Bridging the physical- and the payeho-metric: The sotes on “Tn-

ernasing Roliability by sveraging several measuroments” on the right hand
column of page 13 of JH's notes on Quantifying Reliability give the for-
mula for the so-called “Stepped-Up Reliability”. Tn psychometrics (where
the number of items on o test serves as the “several messurements” )
lhhhu"‘?nhmulhrlm&b(lh “Spearman-Brown prediction for-
onnila”
[ms] Tvert the formubs on p.13 to derive the one on the right hand
Tamn of p.10 for the Spearmas-Hrown prediction formala relating the
reliability of two versicns of & test, one with N times more iems than, the
other.

#. You are trying ta estimate, from imperfect observations of F and ©,
the values of the two coefficients By and By in the temperatiro selation
FeB4DxC.
wmamqummuﬂuuwmm& 32 and

=0/6= 18, and Ivestigate tho bohaviour
of the 1000 estirinLs, nﬂbhdngndm Tn each simuslation, use
samples of sie n = 4, with temperatures of C = 14, 16, 18 and 0.

[a]Cl—.ulepu'mthme:~Gmh-ﬂc.,-
1) errors that of F. Check - formally, using & test
(um]hdmmmﬂ:hlmm fior evidence of
Wiins i By, Also check whether the ieal variance of b ngrees
with that given by the theoretical formuls, namely

Var(h) = i,/ 3 (= - 2%

b)) F msasured prfectly, C measused with oo ~ Causan(i = 0,8,, =
1) exvors that are independent of © |Classical type error: someons
else chose situntions when © was indoed exactly 14, 16, ete, bat
dlidn’t tell you what © was, and instead asked you 1o independently
wecord  using your own imperfect instrument, and to use geur
recardings of £ in your estimation of the equation|. Again, formally

test for evidencs of bias in by,
iastat.negill  pie s
m_mm(meq eyl it
Mmmmuumsmam prodiction formula’.
er.-wdmuu_. won *Compater code 1o smulate datassts with mesurm"
o i1k Rnrt wt Uhe bottonm of the

Mmhwm It ghves some ‘starter” computes code, which
you eain fsdify to sut
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Example 2: Correlations in crowd-sourced data (in exchange for > $100, 000)

ancis Galton (1822-1911) found that the gorrelation between (self-
Te

ported) parental and (adult) offspring heights was strongest for the
one between father and son [0.396 + 0.024], and weakest for the one be-
tween mother and daughter [0.284 + 0.028]. Give_r_l__tEE way he obtained

the measurements, can you imagine why this was? [l_l [It was 0.30240.027
for mother & son; 0.360 = 0.026 for father & daughter.|

11 After you have thought about it for a while, and looked carefully at Galton’s Noteboaok,
you might wish to compare your answer with Karl Pearson’s explanation: “Why Gal-
ton got different parent-offspring correlations in heights” https://jhanley.biostat.mcgill.ca/
bios601/Surveys/pearson1930vol3achi4piT-18.pdf and also look at “why he (KP) got larger
ones” https://jhanley.biostat.mcgill.ca/bios601/Surveys/PearsonBkal302pp377-378.pdf using
this protocol (p358-) https://jhanley.bicstat.mcgill.ca/bios601/Surveys/PearsonLeel1903.pdf
in the ‘Measurement — Lecture Notes, etc’ section of the biosG01 resources page for Measurement.

12Wikipedia has an entry called ‘Spearman Brown prediction formula’.

131f new to simulations, see “Computer code to simulate datasets with measurement
error” https://jhanley.biostat.megill.ca/bios601/Surveys/FandC.R.txt at the bottom of the
Resources webpage for measurement /surveys. It gives some ‘starter’ computer code, which
vou can modify to suit.

Son Daughter
Father 0.396 + 0.024 0.360 + 0.026
0.10
Mother 0.302 + 0.027 0.284 + 0.028



CATALOG ENTRY

Title:

Concept:
Level:
Type:
Context:
Hook:

Materials:
Calculus/Math-stat
Length:

Specific hook:

Height: why is father-son correlation larger than mother-daughter?

Data & Measurement; Modeling & Relationships
Introductory; Intermediate

Short discussion/prompt; Concept illustration; Exercise
Biology

Surprising result; Measurement challenge

Background articles | data | exercise | teacher notes | code
Depends
15-30 minutes

Attentuation: caused by self-reported rather than measured heights
Article: teaching multiple regression with family data
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anz

for Academic 1/2 day:
Statistics in the Medical Literature and in Medical Practice
October 18, 2012

'‘Averages’

+ Mumber of authors on medical articles (Fletcher NEJM 1379)

Year Wo. articles No. au's No. Subjects
Median

examined mean SD
1946 151 2.0 1.4 25
1956 149 2.3 1.8 36
1966 157 2.8 1.2 16
1976 155 4.9 7.3 30 eeatcon prr— p— on s ppacaions P——
5 Some s aros:of Ao e 1R P-Values and Statistical ‘Tests’
~ Visualizing P-Value®
Eig 1 [colour]; java applet
There are Probabilities and Probabilities: Def" A probability concerning the observed data, calculated
+ Different Probabilities under a Null Hypothesils assumption, L.e., assuming that
the only facior operating is sampling or measurement
The Place of Statistical Methods in Radiclogy: & the Bigger Picture (int. Med!) variation.
« ariche Use To assess the evidence provided by the sample data in
relation to a pre-specified claim or *hypothesis’ conceming
‘P-values’ some parameter(s) or data-generating process.
Wﬁj&&mﬁ_‘f Basis As with a confidence interval, it makes use of the concept
of a distribution.
« L-Phenylalanine Mustard (L-PAM) in Managemant of Primary Breast Cancar
(Eisher's Exact Tes)




Example 3 - a new twist on an old classic

Introduction Individual Patient {Im)precision Cl's P-Values etc. Applications Summary

Example 1 —from Design of Experiments, by R.A. Fisher

Lady claims she can tall which was poured first...

' =
— MILK = . '

!7 !’ > e _'_-7_-
= 4 0 4
Lady Says G- 4 |4
4 4

“Null Hypothesis" (Hyy): she can not tell them apart.

Blind test is equivalent to being asked to say which 4 of the following 8 Gaelic words
are the correctly spelled ones. You are told that 4 are correctly spelled & 4 are not.

1 2 3 4 5 6 7 8
madra olscoil cathiar tanga doras cluicha féar bothar

“Alternative” Hypothesis (Hzy): she can (can you think of another *H" ?).
46/61




Individual Patient m)precision Cl's P-Values etc. Apy

Example 3 anew twist on an old classm

Iritroe

The evidence provided by the test

* Rank possible test results by degree of evidence against Hpur.

e “P-value” is the probability, calculated under null hypothesis, of
observing a result as extreme as, or more extreme than, the one that
was obtained/observed.

Prababity of

) each Possible Result, 36/70
IF JUST GUESSING
e, under Null H)
1870 16470
Otisarved Fosult

1170 1170

0l4] 13 [2]z] [3]1 [4]0] Poasible

4|0 a3l AR 13 04 Resalts

In this e.g., observed result is the most extreme, so
Puawe = Prob[correctly identifying all 4, IF merely guessing] = 1/70 = 0.014.

» |nterpretation of such data often rather simplistic, as if these data alone
should decide: i.e. if Puye < 0.05, we ‘rejeetHy; if Puawe > 0.05, we
don't (or worse, we ‘aceept-H,,s). Avoid such simplistic ‘conclusions’.
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CATALOG ENTRY

Title:

Concept:
Level:
Type:

Context:
Hook:

Materials:
Calculus/Math-stat

Length:

Specific hook:

A new twist on Fisher’s ‘lady tasting tea’

Probability & Distributions; Statistical Inference
Introductory

Concept illustration; Short discussion/prompt
Biology

Neat device/app/demo/story

Course Notes;
No
5-10 min

Elegant, adaptable intro to idea of null hypothesis



CATCH YOU WIN
=0 of 20 5 g 300.00 =
eaft 200 6.00
2 of 20 .. FREE PLAY
\__J1Y ) 3 of 20 .. FREE PLAY
= 4 .o 2P Ty 0-
Rollmg in Clover §% a0 e s
7 of 20 .. FREE PLAY
! O—S t N 6.00
O 9:0R 20" . s v 15.00
p 10:aft20 . Serirl 30.00
MARK 20 NUMBERS 126620 1 60000
18 DIFFERENT WAYS TO WIN § 13 of 20 3000.00
$3.00 Minimum Bet 14 of 20 7000.00
15 of 20 .... 13,000.00
16 of 20 .... 19,000.00
TICKET MAY BE PLAYED FOR 17 of 20 .... 30,000.00
ANY MULTIPLE OF $3.00 18 of 20 .... 40,000.00
19 of 20 .... 50,000.00
=20 of 20 .... 50,000.00=
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THE TEACHER'S CORNER

Transformations Made Transparently Easy,

or,
So That's What a Jacobian Is!

DONALD G. WATTS*
* Dept. of Mathematics, Queen's Univ., Jeffery Hall, Kingston,
Ont., Canada, The author has copyrighted this article in Canada,
The American Statistician, February 1978, Vol. 27, No. I
Summary Simple teaching aids are used to help students under-

stand and appreciate what & teansformation is and what o
Jacobian is. The teaching nids are effective and easy to make.
el Al R M

1, Introduction

One of the topies in introductory eourses in prob-
ability and statistics which is ofter badly received is
“4ransformations.” Often times the student 15 not con-
vinced of what he has been told, because no real trans-
formations are shown, and those which are shown are
in one dimension. The extension to more than one
dimension is often done, under the guise of generality,
with erude and sloppy amoeba-like sketches on the
board. This is unsatisfactory because the student can
not relate the sketeh to his experience, and because the
board is only two-dimensional. Where is the probability
density function, and how is it being affected?

This note describes three highly useful devices for
teaching transformations, all centered, quite naturally
and obviously, around an overhead transparency pro-
Jjector. We arc not concerned, here, about the reasons
for transformation, only the effeels of transformation.




Example 4: 1973

For the continuous case, we also need to produce a
sample space and probability. We can, of course, only
approximate the continuous case. The approach I have
used is to make a sandwich of }M-inch plastic sheets
separated by }«ﬁ—imm, as shown in Plate 1.

The Ernbﬂbi]it; is fine sand.* The transformation
ANOWN 18 - .

a) Showing ¥y = z*
and friz)

b) Tipping
from z into y

e} Tipping into
¥ from £
(reversed
** The author is grateful to the University of Wisconsin Sta-
tistics Department for leaving one of their sand-filled ashtrays
unguarded.
d) Showing x = ()=

PLATE I: THE TRAXNSFORMATION SANDWICH. and friy)
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The PDF of a Function of a Random Variable: Teaching its
Structure by Transforming Formalism into Intuition

James A. HANLEY and Dana TELTSCH

In many instances, the probability density function (pdf) of a
function of a random variable is obtained from the pdf of the
random variable, the inverse function and the derivative of this
inverse. The formula tends to be memorized rather than fully

understood. This article describes how we teach the structure of
the new pdf by (a) treating the problem as a change in scale
rather than a “change in variable”; (b) appealing to the concept
of ‘conservation cfgrobablluues (c)using the physical analogy

from one set of “containers” to
mothcr, and (d) dealin 5 fully with linear transformations before
considering nonlinear ones.

KEY WORDS: Graphics; Physical representation; Probabil-
ity mass; Scales; Transformations.

1. INTRODUCTION

The increasing availability of digital tools is an opportunity
for teachers and authors to re-cxamine how statistical concepts
are best presented. We consider the topic found under the rubric
“transformation” or “change of variable.” The goal is to under-
stand the form of the probability density function (pdf) of a
function h (taken, for now, to be monotonic) of a continuous
random variable. The way the topic is presented today suggests
that no matter whether teachers or authors favor the traditional

e e D e N S

The American Statistician, February 2006, VoL 60, No, !

ously, around an overhead transparency projector” Sadly, none
of the textbooks we examined have taken up his ideas, and the
topic of transformations is often just as “badly received” today
as it was when Watts wrote.

We describe ways to make the structure of the pdf formula
more intuitive. A commonly used example is given in Section
3, and a practical example in Section 4, but we begin with two
simpler ones to show the concepts involved. We deal with the
bivariate situation in Section 5.

2, SIMPLE, LOCAL EXAMPLES WITH LINEAR
TRANSFORMATIONS

Suppose our focus is on day-lo-day variations in temperature
(T') in Montreal during a certain time of the year. Even though
the early temperatures in the series were originally measured in
d.egrees F, Canada switched to the metric system in 1975, and
now th ies of th series from the past 100 years are
reported in degrees C. For the sake of illustration, suppose that on
this Celsius scale, the distribution is well approximated by T ~
N|i = 5, = 4]. The pdf of this random variable is shown on
the left panel of Figure 1, using the temperature scale —5C to
+15C, shown in plain typeface, and with the corresponding pdf
scale shown on the left vertical axis, running from 0 to 0.1,

Those not familiar with the Celsius scale will wish to change
the temperatures to Fahrenheit, using the conversion

T = 32 + (9/5)Tc.
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The upper panel of Figure 3 shows that the same
applies to situations where the range of the new variable is differ-
ent from that of the original. One can also use the pair of panels
to show that one can carry out a sequence of transformations,

Jjust as children do when Elaxi.nﬁ with water.

New

After we had completed an earlier version of this note, in
which we had used the imagery of “pouring” probability mass
from one set of containers to another, a colleague pointed us to
the article by Watts (1973). His device for univariate transfor-
mations consisted of “a sandwich of 1/8-inch plastic sheets sep-
arated by 1/8-inch plastic rods. The probability was fine sand™
(taken from an unguarded sand-filled ashtray in the University

of Wisconsin Statistics D ). Asill d in Figure 4,
by tipping his device, he could “pour” probability distributions
from one scale to another.

pdfiCriginal] |

02

0.4 0.6
Original

73). Arbitrary original distribution, and transformation Mew = hOriginal] = Original . By tipping the
o flowar ight) s pourad ile the new probabilily distribution (on its side, uoper left).

08

1.
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https://www.youtube.com/watch?v=VPQvRZ_jkQ0%20
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Example 4: 2026

https://www.youtube.com/watch?v=VPQvRZ_jkQ0

Channel itself is at https://www.youtube.com/@YouStatistics



https://www.youtube.com/watch?v=VPQvRZ_jkQ0%20
https://www.youtube.com/@YouStatistics
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CATALOG ENTRY

Title:  Pouring probability mass: the pdf of a function of a random variable

Concept: Probability & Distributions ; Modeling & Relationships
Level: Introductory
Type: Concept illustration; Exercise

Context: Mathematical
Hook: Neat device/app/demo/story

Materials:  Course Notes (Math323); 1973 and 2006 teaching articles; animation
Calculus/Math-stat  Yes
Length:  5-10 min. (demo+discussion); 30 min. (summarize 1973/2006 articles)

Specific hook:  visual transformation; physical analogy; animation



So... "
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WHERE THIS LEAVES US

» A working structure for describing each item
* A way to narrow a collection to 5-10 usable options
* A prototype of how teachers might search and use it

But several design choices are still open:
* How tightly should we control the vocabulary?
» Which fields should be standardized vs flexible?
* What is essential for search vs just 'nice to have’'?

If, together, we could refine it on one collection, we
could extend it to other ones
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INVITATION

* Try the structure on your own material
« Suggest better terms
 Help refine what’s essential

A good catalog layer:
_>

lots of good teaching material becomes
findable and usable
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The BEST stress-tester: NOt Me, YOU!

| would like to find material for ...

Responses will test whether the structure reflects how you describe teaching material



THANKS



QUESTIONS?

COMMENTS?

SUGGESTIONS?



