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« November 3 3.30-4.30 Statistical Sciences Seminar

Room 9014, Hydro Building
and online

Alexandra Schmidt, McGill U
“Modelling non-Gaussian spatio-temporal processes”

« November 10 9.00-6.00 CANSSI Ontario Statistical Software Conference

BL224 140 St. George St.
and online

© LOCATION
y of Infc
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https://www.statistics.utoronto.ca/events/modelling-non-gaussian-spatio-temporal-processes
https://canssiontario.utoronto.ca/event/statistical-software-conference/

Upcoming Part 2 London

LONDON
SCHOOLof
HYGIENE
S&TROPICAL
MEDICINE

Home / News and events / Events / A celebration of 50 Years of the Cox model in memory of Sir David Cox

Where and when

@ NS

Holocaust

A celebration of 50 Years of the Cox model S 9’ o
in memory of Sir David Cox NsthemNC] - |

London Malat Crant

~
loomsbury e Map  Satellite

G n Store vuccrroprcooy
O00CHEy Mappata TermsofUse Reporta map error

Venue  LSHTM, Keppel Street
London
WC1E 7HT
United Kingdom

Get Directions &

Room John Snow Lecture Theatre
and South Courtyard Café

Date Thursday 10 November
2022

Time 11:00-19:30

Date and time zone is UK

Admission

Registration required for in-person
tickets. Free and open to all. 3
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Upcoming Part 2 London

Dol bogardls
v weirAed

1972] 187

Regression Models and Life-Tables

By D. R. Cox

Imperial College, London

[Read before the ROYAL STATISTICAL SOCIETY, at a meeting organized by the
Research Section, on Wednesday, March 8th, 1972, Mr M. J. R. HeALy in the Chair]

SUMMARY

The analysis of censored failure times is considered. It is assumed that on
each individual are available values of one or more explanatory variables.
The hazard function (age-specific failure rate) is taken to be a function of
the explanatory variables and unknown regression coefficients multiplied
by an arbitrary and unknown function of time. A conditional likelihood is
obtained, leading to inferences about the unknown regression coefficients.
Some generalizations are outlined.
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Upcoming Part 2

London
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F16. 1. Empirical survivor functions for data of Table 1. Product limit estimate,
—————— , sample 0 (6-MP); , sample 1 (control). Estimate constrained by
proportionality: ®, sample 0; x, sample 1. For clarity, the constrained estimates are
indicated by the left ends of the defining horizontal lines.
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Housekeeping

* Project - see course web page for outline and marking scheme

« Homework marking
« HW7 due Nov 4 (Friday)
« HW8 posted Nov 2/3/4 due Nov 16 (Wednesday)
« HWo9 posted Nov 16/17 due Nov 23 (Wednesday)
« HW10 (Last) posted Nov 23/24 due Dec 1 (Wednesday)

« Syllabus - see course web page for updated syllabus
- nonparametric regression (ELM-2 Ch.14, ELM-1 Ch.11)
- survival data analysis (SM Ch.5.4, 10.8)
- analysis of categorical responses (ELM-2 Ch. 6,7, ELM-1 Ch.5)
- random effects and mixed models (ELM2 Ch.10, ELM-1 Ch.8)
- longitudinal data analysis (ELM-2 Ch.11, ELM-1 Ch.9)

Applied Statistics | November 2 2022 6


https://utstat.toronto.edu/reid/sta2101f/ProjectGuidelines.pdf
https://utstat.toronto.edu/reid/sta2101f/syllabus22-update1.pdf

e

S.e. CeX
« likelihood function inference Cheat)h'eet/ /

+ Maximum Likelihood Estimate # and estimate atrix {—¢"(0)} " = j(0)~

———

« Residual deviance as a test of model fit

- Pearson’s y? correction

"y =g\, [ ni-yi-m@-pi) _ RV
; [{ nipi(B) } +{ ni{1—pi(3)} } ] - /X"“P

o Sl (B3
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https://utstat.toronto.edu/reid/sta2101f/likelihood-cheatsheet.pdf

Overdispersion

ELM-2 §3.4, ELM-1 §2.11; SM 10.6

“Boxes of trout eggs were buried at five different stream locations and retrieved at 4 different
times. The number of surviving eggs was recorded. The box was not returned to the stream.”

J. Hinde, C.G.B. Demétrio | Computational Statistics & Data Analysis 27 (1998) 151-170 159
Table 3
Trout egg data
Location Survival period (weeks)
in stream 4 7 8 11
1 89/94 94/98 77/86 141/155
2 106/108 91/106 87/96 104/122
3 119/123 100/130 88/119 91/125
4 104/104 80/97 67/99 111/132
5 49/93 11/113 18/88 0/138
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... Overdispersion ELM-2 §3.4, ELM-1 §2:11; SM 10.6

* Yi ~ Bin(n;, pj) = E(Y;) = nip;, Var(Y;) = nip;(1 - pi)
- variance is determined by the mean

Applied Statistics | November 2 2022 9



... Overdispersion ELM-2 §3.4, ELM-1 §2:11; SM 10.6

> W e B’n(nhpl) = E(Y) — Nipj, Var( i) = nip;(1 pil E(POFJ'VM) —AC
- variance is determined by the mean (S )=

* bmod <- glm(cbind(survive,total-survive) ~ location + period, family = binomial,

data = troutegg) —  \
summary (bmod)
Null deviance: 1021.469 o rees of freedom 1
## Residual deviance: 64.495 on 12 Ydegrees of freedom ?‘1 /(XVL } Lg‘)
## AIC: 157.03

& <.90¢
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... Overdispersion ELM-2 §3.4, ELM-1 §2:11; SM 10.6

* Y; ~ Bin(n;,p;) = E(Y;) = njp;, Var(Y;) = nip;(1 — p;) 56 =
- variance is determined by the mean

* bmod <- glm(cbind(survive,total-survive) ~ location + period, family = binomial,

~®5.3

data = troutegg)

summary (bmod)

Null deviance: 1021.469 on 19 degrees of freedom
## Residual deviance: 64.495 on 12/ degrees oszgg_d.ram—”’——-5 ~\\\\

## AIC: 157.03
* quasi-binomia

- estimate ¢?
* usually usei@/(m— p), where

—

over-dispersion parameter

< p(R)

Applied Statistics|  November 2 2022 — overdisp.Rmd ¢



... Overdispersion ELM-2 §3.4, ELM-1 §2:11; SM 10.6

the estimation of over-dispersion, and use of t- and F-tests, is approximate
there isn't a binomial model with this structure
but it is sometimes a handy fudge

a more formal approach is to find a more flexible distribution for responses that
are binary, or proportions

- for example, the beta distribution on (0, 1) has two parameters ELM-2 §3.6
Na+06) N
fyle,B) = ==y (1-y)"7", o<y<1
Uled=rare? Y
Q p(1—p) _ p(1—p)
E(Y) = p= var(Y) = — =0 =

— W4 v g M= iav8™ v 07077

« logit(u;) = Xm 1/(1+ ¢) is now the overdispersion parameter

Applied Statistics|  November 2 2022 WﬂCVIi ja\m ( D (FML/() - L&'Fa r 2" ) 10



Measures of risk

- see posted handout on case-control studies
- consider for simplicity binomial responses with a single binary covariate:

ﬂu"’q)g“" logit(p;) = o + £az;, 1=1,...,m 2[ 76?(:
%:=¢°»i bt (p) = B F 2r=o
Cod /th/{ \HC‘Pt ([’) = Iéoté\ € 2= 14

?" {1 = Q{JO e O [-,J;._ L
Pq/(tfpb) = e 6: —H./Q-@; ‘ = Aral p\-eﬁo
Co <
( /f "Pl)-‘— C(‘%-Vg) = ]S:«_)Z\ ;E ¢=1
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Measures of risk

- see posted handout on case-control studies
- consider for simplicity binomial responses with a single binary covariate:

1Oglt(pl) ?550+51zi> i:17°"7n

"’; F):?o "'e\'ﬂ CF\:/’ :02 F\:o

D,
, 0
gt ()= Bt b < b ot fore
 no difference between groups < odds-ratio=1 < 3, =0
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Measures of risk

- see posted handout on case-control studies
- consider for simplicity binomial responses with a single binary covariate:

1Og1t(pl) Nﬁo+ﬁ1zi> i:17°"7n

 no difference between groups < odds-ratio=1 < 3, =0
« odds ratio of 3 or more is considered “large”

Applied Statistics | November 2 2022 11



... Measures of risk
P+

, , L : : . 14—
- we might be interested in risk ratio — instead of odds ratio P+(1 = Po)

o P Po(1—P)

« also called relative risk

Applied Statistics | November 2 2022 12


https://www.youtube.com/watch?v=4szyEbU94ig
https://realrisk.wintoncentre.uk/p1

... Measures of risk
P+

we might be interested in risk ratio — instead of odds ratio P+(1 = Po)
Po Po(1— pn)

also called relative risk

if p, and po are both small, (y = 1 is rare), then

pr _ P1(1=po)
Po  Po(1— p)

* som es p1/Ppo can be large but if p, and p, are both small the risk difference
1 — Po might also be very small

Applied Statistics | November 2 2022 12


https://www.youtube.com/watch?v=4szyEbU94ig
https://realrisk.wintoncentre.uk/p1

... Measures of risk

- we might be interested in risk ratio P instead of odds ratio P+(1 = Po)

Po Po(1— pn)

« also called relative risk

- if p; and po are both small, (y = 1 is rare), then

pr _ P1(1=po)
Po  Po(1— p)

- sometimes p,/po can be large but if p, and p, are both small the risk difference
p: — po might also be very small

« in order to estimate the difference we need to know the baseline risk po
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https://www.youtube.com/watch?v=4szyEbU94ig
https://realrisk.wintoncentre.uk/p1

... Measures of risk

- we might be interested in risk ratio P1 instead of odds ratio P+(1 = Po)

Po Po(1— pn)

« also called relative risk

- if p; and po are both small, (y = 1 is rare), then

pr _ P1(1=po)
Po  Po(1— p)

- sometimes p,/po can be large but if p, and p, are both small the risk difference
p: — po might also be very small

« in order to estimate the difference we need to know the baseline risk po
- bacon sandwiches www.youtube.com/watch?v=4szyEbU94ig

risk calculator https://realrisk.wintoncentre.uk/p1

—~(
A L T
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https://www.youtube.com/watch?v=4szyEbU94ig
https://realrisk.wintoncentre.uk/p1

IRealRis

make sense
of your stats

UNIVERSITY OF
CAMBRIDGE

Winton Centre for
Risk and Evidence Communication

Results

Risk for Usual care

Out of 100 UK patients receiving mechanical ventilation for COVID-19, we would expect
around 41 to die after 28 days

Edit Text @)

Risk for Usual care plus dexamethasone

Out of 100 UK patients receiving mechanical ventilation for COVID-19, we would expect
around 26 to die after 28 days

Edit Text @)

[ Icon Array

intervention 2 414%

intervention

Without

With & 265%

(21.1% - 33.9%)

0% 20% 40% 60% 80% 100%

2 0 O EE £

Odds ratio 0.64; baseline risk 41.4%
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Results summary

PAPER TITLE
Dexamethasone and 28 day mortality for
COVID-19 patients on ventilation

DOI
https://www.nejm.org/doi/10.1056/NEJMoa2021
436

STUDY GROUP

UK patients receiving mechanical ventilation
for COVID-19

STUDY TYPE

experimental

RISK FACTOR

taking dexamethasone

OUTCOME

die after 28 days

MEASURE OF CHANGE

Relative risk 0.64 (0.51 - 0.82)

BASELINE CONDITION

Usual care A
EXPERIMENTAL CONDITION

Usual care plus dexamethasone W

BASELINE RISK

A1.4%
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[ UNIVERSITY OF
| make sense
CAMBRIDGE
° Rea I RIS of your stats Winton Gente for

Risk and Evidence Communication

Results Results summary
. i PAPER TITLE
' Risk for Usual c.are . X L Dexamethasone and 28 day mortality for
Out of 100 UK patients receiving mechanical ventilation for COVID-19, we would expect COVID-19 patients on ventilation
around 41 to die after 28 days o1
Edit Text o https://www.nejm.org/doi/10.1056/NEJMoa2021
436

Ri STUDY GROUP
k for Usual care plus dexamethasone UK patients receiving mechanical ventilation

Out of 100 UK patients receiving mechanical ventilation for COVID-19, we would expect for COVID-19
around 26 to die after 28 days

STUDY TYPE
Edit Text o experimental
RISK FACTOR
taking dexamethasone
die after 28 days
g 4rout of 100 without 226 (22 - 33) out of 100 MEASURE OF CHANGE
intervention with intervention Relative risk 0.64 (0.51 - 0.82)
2222 BASELINE CONDITION
ii;‘;\ Usual care
EXPERIMENTAL CONDITION
2000000008 ﬁiiiiii%i% Usual care plus dexamethasone
222222222028 222222202202 BASELINE RISK
2222222022028 222222202202 41.4%
222222222028 2222222022028
222222222028 2222222022028
2222222022028 2222202202202

I O ETE £

Odds ratio 0.64; baseline risk 41.4%
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0 1/ 1000

i 3 / 1000 (2 extra cases)
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Odds ratio 2.91; baseline risk 1/1000
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Biostats secret sauce

ELM-2 §4.3; SM §10.4.2

Whether we sample prospectively or retrospectively, the odds ratio is the same

N\

Lung cancer

€ < 0):[ CsuzAat

-~

1 O Yr =2, 4 ow’{'wn.k
@ cases controls
oke =1(yes) | 688 650 Case- caddf f. ’
smoke = 0 (no) 21 59 -
S~ | 709 709
(688/709)/(21/709) 688 x 59
retro: OR = = = 2.
(650/709)/(59/709) 650 x 21 7
{688/(688 + 650)}/{650/(688 + 650)} 688 x 59
rosp: OR = _ — 5
Prosp 21/(21+59)/{59/(21 +59)} 650 X 21 o7
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Types of observational studies

 secondary analysis of data collected for another pu rpo

fo se
- estimation of some feature of a defined population %NDJ (

— could in prmuple be found exactly

- tracking across time of such features

study of a relationship between features, where individuals may be examined

- at a single time point & (afe - LG)\}M‘( ( /wfm.r&wfm)
- at several time points for different individuals €—_ waﬁ,fcp.,lw

- at different time points for the same individual
N lov\‘j; Jm,(M,J &7&\

\/ * census

—p -+ meta-analysis: statistical assessment of a collection of studies on the same topic

Applied Statistics | November 2 2022 17



« Meta-analyses combine the results from many different studies
- it is helpful if the coefficient estimates are all on the same scale

« Exampl

Applied Statistics |

“Juni et al., 2004)Rofecoxib trials
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https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(04)17514-4/fulltext

- Several ‘effect estimates’ have been proposed

* in the context of these meta-analyses G’L:(rqwr( $r7 4% ) - T e i
—_ 4 \ 1
S of Y 9 - GRS = (A h) L g,
o et ) o 0 ¢ 0 0 nC
« Cohen’s d is a difference meeans, divided by an estimate of the standard deviation
of the difference D [— e~ not the standard error
g}‘d [ (- ): h_j —~——
Z 2", o d n +V’z 6‘3
- relative risks, or odds-ratios, for 0,1 explanatory variables are already on a
standardized scale related to probabilities

« A-level maths paper referred to standardized estimates of 5 after logistic regression
- this might be a re-scaling of the covariates (math ability, etc.) to standardized units

}’; A;DE“{—’JF ﬁ\, z 'JumOy . = |?—-72% 7
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... Effect sizes Thanks to Ilya

To understand how Cohen’s d for two independent groups is calculated, let’s first look at the

formula for the z-statistic:
M{—M,
/1 1
e

Here M 1 -M 2 is the difference between the means, and SD,,41eq 18 the pooled standard

t =

deviation (Lakens, 2013), and nl and n2 are the sample sizes of the two groups that are being
compared. The #-value is used to determine whether the difference between two groups in a 7-
test is statistically significant (as explained in the chapter on p-values. The formula for Cohen’s

d_ is very similar:

Improving o MM,
Your * " SDpooted

Statistical

Inferences
yorember 2 2022 20

As you can see, the sample size in each group (n; and ny) is part of the formula for a #-value,

but it is not part of the formula for Cohen’s d (the pooled standard deviation is computed by



https://lakens.github.io/statistical_inferences/index.html

Which reminds me

Hunermand & Louw

Applied Statistics |

On the Nuisance of Control Variables

in Regression Analysis

Paul Hinermund

Copenhagen Business School, Kilevej 14A, Frederiksberg, 2000, DK.

phu.si@cbs.dk

Beyers Louw

Maastricht University, Tongersestraat 53, 6211 LM Maastricht, NL.

jb.Jouw@maastrichtuniversity.nl

September 28, 2022

November 2 2022
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https://arxiv.org/pdf/2005.10314.pdf

Which reminds me Hiinermand & Louw

can estimate causal effect
of X on Y by controlling
for Z,, but cannot estimate

causal effect of Z, on Y

Figure 1: Examples of causal diagrams with valid control variable Z;

Applied Statistics | November 2 2022 22


https://arxiv.org/pdf/2005.10314.pdf

Binary/Binomial responses, extras ELM-2.7, 3.6, 41, 4.2

\éL[:o,l F éﬁO,..,)ﬂJS

- with binary data, may get complete separation of 1s and os

- leading to likelihood function not maximized at finite 3 @

Applied Statistics | November 2 2022 23



Binary/Binomial responses, extras ELM-2.7, 3.6, 41, 4.2

with binary data, may get complete separation of 1s and 0s

leading to likelihood function not maximized at finite 3 ELM-2 2.7

sometimes binary responses can be thought of as an indicator for the size of a
latent variable Z, ELM-2 4.1

i.e.Y=1 <= Z> cforsome ﬁx@

distribution of Z sometimes called a tolerance distribution

Applied Statistics | November 2 2022 23



Binary/Binomial responses, extras ELM-2.7, 3.6, 41, 4.2

peey Z*ﬁ-‘o)ﬁ%&a}y

« with binary data, may get complete separation of 1s and 0s _

- leading to likelihood function not maximized at finite 3 T e 2.71
- sometimes binary responses can be thought of as an indicator for the size of a
latent variable Z, ELM-2 4.1
* i.e. Y =1 <= Z> cforsome fixed c
. distribution of Z sometimes called a tolerance distribution
J) — nern~t
 could be, e.g. Z ~ N(0,1), then Y = 1 with probability Cb[C) == o4t

« ifZ ~ isti — 1 Wi ili xp(y—p)/o
If Z ~ Logistic, then Y = 1 with probability @

‘ - F ((, . J
legicke opa. g o) P% 5
Applied Statistics|  November 2 2022 ) l‘ﬁ (_)p/( “P) ) %g# + & 23




Binary/Binomial responses, extras ELM-2.7, 3.6, 41, 4.2

link

a specification for the model link function. This can be a name/expression,
a literal character string, a length-one character vector,

or an object of class "link-glm" (such as generated by make.link)

provided it is not specified via one of the standard names given next,

Ly (¥/-p) =T& = a(p) 7R

The accepts the 1ynks (as_names log and inverse;

the binomial family the links loéit,(EESEiE;>cauchit, é? 76

—_— L —

(corresponding to logistic, norme Cauchy CDFs respectively)
~log and cloglog (complementary log-log);

the Gamm he links inverse, identity and log;

the<p01sson family the) links log, identity, and sqrt;
and the —paussian family the links 1/mu”2, inverse, identity and log.

Applied Statistics | November 2 2022 24



Generalized linear models

glm has several options for family

binomial (1ink = "logit") V'
gaussian(link = "identity") &— -~

l

Gamma(link = "inverse")

inverse.gaussian(link = "1/mu~2")

poisson(link = "log")

quasi(link = "identity", variance = "constant")
quasibinomial (1ink = "logit")

quasipoisson(link = "log")

Applied Statistics | November 2 2022 25



Generalized linear models

glm has several options for family

binomial (link = "logit")

gaussian(link = "identity")

Gamma(link = "inverse")

inverse.gaussian(link = "1/mu~2")

poisson(link = "log")

quasi(link = "identity", variance = "constant")
quasibinomial (1ink = "logit")

quasipoisson(link = "log")

Each of these is a member of the class of generalized linear models

Generalized: distribution of response is not assu be normal

Linear: some transformation of E(y;) is of the form x! 3 link function

—

Applied Statistics | November 2 2022 — 25



Generalized linear models: theory ELM-2 81,2; SM 10.3; ELM-1 6.1,2

fyi; wi, i) = exp(ﬂ QL—) c(yi; ¢ ?ZMU\'C QLM

—_—
—

Jwﬂa }‘r e E(y:)= J}e/ @Q’jﬂ»
0 == ble:) = pr =E(Y)

—_—

——

& ¢ g ()= 7R R s 0
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Generalized linear models: theory ELM-2 81,2; SM 10.3; ELM-1 6.1,2

— b(6i)
<b,

* f(Vis pi, 9) = eXp{ +c(yi; 9i)}

E(y; | ;) = b’(6;) = p; defines y; as a function of 6;

Applied Statistics | November 2 2022 26



Generalized linear models: theory ELM-2 81,2; SM 10.3; ELM-1 6.1,2

— b(6i)
<b,

* f(Vis pi, 9) = eXp{ + c(Vi; &i) }
E(y; | ;) = b’(6;) = p; defines y; as a function of 6;

» g(ui) = x{ B = n; links the n observations together via covariates

Applied Statistics | November 2 2022 26



Generalized linear models: theory ELM-2 81,2; SM 10.3; ELM-1 6.1,2

— b(6i)
<b,

i wi, ¢i) = eXp{ +c(yi; 9i)}

E(y; | ;) = b’(6;) = p; defines y; as a function of 6;

g(ui) = xI B = n; links the n observations together via covariates

g(-) is the link function; »; is the linear predictor

Applied Statistics | November 2 2022 26



Generalized linear models: theory ELM-2 81,2; SM 10.3; ELM-1 6.1,2

— b(6i)
¢,

i wi, ¢i) = eXp{ +c(yi; 9i)}

E(y; | ;) = b’(6;) = p; defines y; as a function of 6;

g(ui) = xI B = n; links the n observations together via covariates

* g(:) is the link function; #; is the linear predictor bonsm
 Var(y, | ) = 6 () = 6V() bin g (0 o8 § é
=0 (- — U (e
#r=a?t Boc? <
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Generalized linear models: theory ELM-2 81,2; SM 10.3; ELM-1 6.1,2

'_FZ l"l(t ﬁq,)
— b6 o
£ (i s 0y) = exp{ 2 ¢ (61) +c(yi; i)} ‘3 - = b, + €
I .‘ (;_5 7(_2‘.
« E(y; | X;) = b'(6;) = p;j defines y; as a function of 6 A
rln t £y

g(ui) = xI B = n; links the n observations together via covariates
2': NA/ ( 0‘ Ty

g(-) is the link function; »; is the linear predictor

Var(y; | x;) = ¢ib” (6;) = V(1)

V(-) is the variance function

Applied Statistics | November 2 2022 26



» Normal: f(yi:ui,ffz); \/(;W)a exp —237()/:'—#,?)} e o
= exp T QI (13 log o* — y2/20% — (1/2) log (2)}

¢i=0° b= pi, bui)=p7/2,0'(pi) = pi, b"(pi) = 1
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« Normal: f(y;; yj, 0®) = \/(;W)U exp{—zj7(y,' —u)}

= exp T QI (13 log o* — y2/20% — (1/2) log (2)}

¢i=0° b= pi, bui)=p7/2,0'(pi) = pi, b"(pi) = 1
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1 1
« Normal: f(y;; pj,0°) = J(n)o exp —F(YI - /i,?)}

— exp W DT (1 15y log o — y2 /207 — (1/2) log /(2m))

0—2

¢i=0° b= pi, bui)=p7/2,0'(pi) = pi, b"(pi) = 1

. m;\ .
» Binomial: f(r;; p;) = (r,’>P,('(1—Pi)m’ oy =ri/m;
I

mj )]
m;y;i

¢i=1/m;, 0; =log{p;/(1—pi)}, b(p;)=—log(1—pi), pi=EVY)

= exp[m;y; log{pi/(1 — p;)} + mjlog(1 — p;) + log (
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1 1
« Normal: f(y;; pj,0°) = J(n)o exp —F(YI - /i,?)}

— exp W DT (1 15y log o — y2 /207 — (1/2) log /(2m))

0—2

¢i=0° b= pi, bui)=p7/2,0'(pi) = pi, b"(pi) = 1

. m;\ .
» Binomial: f(r;; p;) = (r,’>P,('(1—Pi)m’ oy =ri/m;
I

mj )]
m;y;i

¢i=1/m;, 0; =log{p;/(1—pi)}, b(p;)=—log(1—pi), pi=EVY)

= exp[m;y; log{pi/(1 — p;)} + mjlog(1 — p;) + log (

- ELM (§8.1/6.1) uses a;(¢) in place of ¢;, later a;(¢) = ¢/w;;
SM uses ¢;, later (p. 483) ¢; = ¢q;
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... ExXamples ELM-2 8.1; SM 10.3.1

Family Canonical link Variance function ¢,
Normal n=u 1 o2
Binomial n=log{u/(1—p)} pn(1—p) 1/m;
Poisson n = log(u) i 1
Gamma n=1/pn 1 1/v
Inverse Gaussian 17 =1/u? G £
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... ExXamples

ELM-2 8.1; SM 10.31

Family Canonical link Variance function ¢,
Normal n=u 1 o
Binomial n=log{u/(1—p)} pn(1—p) 1/m,
Poisson n = log(u) L 1
Gamma n=1/u 112 1/v
Inverse Gaussian 17 =1/u? e £
i) = —— (L) = exp(= Ly
Gamma.f(y,,,[L,,V)— r(V) (M’) yi eXp( i)yl

= expl— 2y~ '°g(l,-) + (v — 1) log(yi) + v log(v) — log{T (")}]
— exp{u(_% - |og(i) + (v — 1) log(yi) — log I (v) + v log(1)}
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Model:
E(y;)) = wi (i) = X{ B; var(y;) = oiV(r;)  ¢i = a;9

Estimation:

B o= XTWxX)“'X"Wz, z=XB+W u 2(8) = XB + W'(8)u(B)

Variance:

Var(3) = (XTWX)”%; (7) m‘('bc/ W is diagonal

On pp. 118-119 of ELM, this iteration is carried out in R on the bliss data
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B = XTWX)"'X"Wz;, z=X3+Wu; 2(B) = X6+ W (B)u(B)
Var(8) = (X"wx)™’ W is diagonal
Wi =
u =

Note / is free of ¢ because of W and W=, but Var(3) depends on ¢
Warning: in ELM W is defined slightly differently (no ¢), so he has Var(3) = (XTWX) "¢
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B = XTWX)"'X"Wz;, z=X3+ W u; 2(B) = XB + W (B)u(B)
Var(8) = (X"wx)™ W is diagonal
! ¢ai{g’ (wi) 1V (1i)
T = Yi — Hi
' ¢a;g’ (1i)V (1)

Note {3 is free of ¢ because of W and W, but Var(/3) depends on ¢
Warnings

1. in ELM W is defined slightly differently (no ¢), so he writes Var(3) = (X"WX) "¢

2. ELM uses w; where SM uses 1/q;
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Analysis of data using GLMs: overview

choose a model, often based on type of response or on mean/variance relationship
fit a model, using maximum likelihood estimation convergence (almost) guaranteed
inference for individual coefficients f3; from summary

inference for groups of coefficients by analysis of deviance
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Analysis of data using GLMs: overview

- choose a model, often based on type of response or on mean/variance relationship
- fit a model, using maximum likelihood estimation convergence (almost) guaranteed
- inference for individual coefficients §; from summary

- inference for groups of coefficients by analysis of deviance

- estimation of ¢ based on Pearson’s Chi-square
typo in ELM p.a21: cross out = var(j)

5= 1 Z(Yi—ﬁi)z

n—p< V(i)
- analysis of deviance: see p. 121 (near bottom) likelihood ratio tests
- diagnostics: same as for 1m ELM p.124; SM p.477
- residuals: deviance or Pearson; can be standardized ELM likes 1/2 normal plots
- influential observations: uses hat matrix SMPracticals has very good GLM diagnostics

. .. Im.diag, plot.glm.dia
Applied Statistics | November 2 2022 & & P & & 32



«Reporton Chemical engineer

Peter Guthrie
to be Alberta’s next

Business

energy minister = a3

The question investors can no longer ignore:
How do you recession-proof a portfolio? « s

Don't worry, young Equity strategist
adults, CPP and EI buys health care
will be there when stocks, moves away
you need them s 11 from banks = s13

coven stor

Back to basics

Almost a year into his tenure at Rogers Communications, CEO Tony Staffieri
shares what dominates his focus: service and performance. Andrew Willis reports « s

How Europe is trying
(o build a future free of fossil
fuels during an energy crisis

ADAM RADWANSKI 115515

MARKETS.
see/Isx 1886095
oow  3uomss
swesw 375275

SATURDAY, OCTOBER 22,2022

THE GLOBE AND MAIL

Shopify: Company’s
customer survival rate

is substantially lower
than its rivals, data show

FROM B

Shopityhas acd i over

theye: spected igh ate
of o Jois - or -
but it has never publicly dis-

et allzomstores il v
o be open bec
Gt data, and The
Globe's satstical modelling ac.
counted orthis) Inother words,
Shopif' stores have been clos

"The surge n the company's
store volume became even more
pronounced daring the COVID-1a

“The number of Shop

m‘m..x years
pace of closings s also
mach e i e widr

Shopify' survival rate
Shopiy i the st populr lrtorn or unching e-commerce busineses

RepoRT ON BUSINESS | 87

drove many  traditonal small
businesses to_pivot to_online

data, 02 per cent of businesses
i o o enployes s
vived their fist year

e were actally less lkely (o
lose during most of 2020 an

the findings is that the average
store that opened n 202 lasted
Justigadays, down from 220 day

in 2019, meaning stores shi
down. o lei Shopify at m in

B

ng many cconomists cred)
pandemic ad propping up busi
hesses

I stement o The Clobe,
Shopify communications
erlackie Warren sai the
oy haskeptthe costof e 0
low” that more indiiduals are
able o ry theirhand at entrepre-
Deurship She aid Shopify knows

= Suvval e
om o0 e Sotainn
100,
o
®
“©
a4
.
»

o
o % w0 o a0 ;0 o0

Shopiy may b the biges &

s of Shopify The Globe
looked at how some of the
Company’s neanst competion

Sacked up.

e analysis examined do-

main-name information for 5.4

il

t3
2

millon. Wix stores;
Squrcpace sors and 2o

Prestashop sorcs, The number

owed othe e plt
forms had subsiantally ngher
survival rates, meaning_thos

platorms far longer than stores
o.on Shopify.
Duta i

Store Leads aso
show how merchants switch be-
pltforms. Those going

sources, but those going from

Shoplyrelagely poncdinone
WooCommerce s an

source platform. that m.m m

s o o o Shorly

o an entrpis op.

i with more featurs - had a

mbll.w! i highersual i
e data

e akmovietre by Shoy
Teadérs chemselves, that the .
commerce boom that exploded
in the st two years of the pan-
demic has proven 0 be uns
Tainable. Hndreds of thousands
wouldbe entreprencars dis
conered thatseting up an online

i succeed for a varity of e
Sons the fnst time, the second
time oreven the ath e " Shap
il i o pove e
ther star with reduced bar

hopiy sld The Globe's data
were diffcrent from the compa
' nternal umbers, but would
o spcify why that s o provide
those figures.
“Whilewe donot share specific
proprieany daa.we can el you

Keeping
it $0ing and making money 5
ch harder

The dia o how Shopirs
customersunvivalrate
ot g
questions abouthow it can main:
fain 1t long term dominance in
e ind

e of the core things Shop-
iy dog s both 2 Besingand 2
o chiefex:

e of KW Comy
suling, emmmer(ﬁ Consul-
ey w York.
nchuse whie i keeps e et

£

Shopify has a growing
problem with customer
retention, analysis reveals

NasoAQ 1085972

R HANNAY
8657 TEMUR DURRAN!
= MANIMA SINGH

nieringa
il strugsle to keep lights on and homes
heated, the European Union is aiming (o
wiap up yearslong negotations for what
night e the workds most ambitious climate policy
e

bous 72
GOl (oz) _US$L65630

ores on Shaplty Inc. shut down or lef the

S0 dosit mean that the quality

at
o oo o ond
Conclusions drawn are
i Waren . e encourae
extreme when using
hirdparty dvm s s ofen -
accurate and incomplete”

“Tom fore, mansgig diector
and senior rescarch analyst at

i
s rescarch e, Watson from
RMW Commerce  Consuling

aprec
“The dara is conistent with

Acconding o Shopify's annual e
ports, it had “over one milion

% 201
about 17 millon as of Dec. 3,
2020; and about 21 millon s

unique people behind  thosc

and ccommere i genr, n
Bt some people il
itand it lonsr o paiorm,
while others Just simply won'
M Forte said.

Cusomens wing Shopiy s, a
premium extension 0

pify
features .\nd support systems for

pullt o,
forward thinking ata moment when it may be hard

eretention,

10 see past tomorrow. Amid concurent efforts to coMPANIES Outawarbased Shopify provides tools 10 set up

Immediate gas shortages caused by Russa's and operate online stores, and has quickly become.

invasion of Uktaine, they could ke a big step o A the leadet n 1 field. s one of the casiest
GoeRAC

by dramatically acceleratng a long: term shift avay NeTHX s the company s 3 g voume of

from fosl fucs = & e sore

Bt 0o o, they have o avold being deraled by ROGERS COMMUNCATONS o boostShopify's business, but

mountin tensions round the immediatecriss rc A IR s e g ot s he e
NSEECT

base

W SPORTS  voceer bryvan Trotter's memoir shows a gentle macho positiviy,Cathal Kelly says

sastsaut Toronto Blue Jays agree to three-year deal with manager John Schneider = o1/

socces Women's World Cup draw to set the stage for 32-team tournament next year s sas

WHAT’S THE

Cording to Shopify s financa re
ports.

2010, Shopify's revenue jumped
by

percent o USS2. bilon in
2020 and Increased a further 57

1950 multple stores,
b each of the past three years, wit Just 34 per “The ncreasein merchants was _ merchant

oLwT)  usssos  sos e e
006 according 1 Globe and Mall analyss, showing the on for the company rvene (ovard arg s i b

bulk of
hose thatuseShopty'splatiorm.
Companics and brands that use
Shoniy s ncudeSule I,

of the mow popULr 1o ot
Toth pieces of

By number ofdays e sinop.
1 2020 2021

2 x e
- e

E-commerce domain survivalrates, by platform, 2019-2021

software re free o us, thougha

website development and other
fces.

Uniike  Shopify,

erce does not take care of ay-

ment processing direcly. Mer-
hants have to work with other
serics such s Squre oS,
o handie payments from cus
tomen.

When it comes 0 setup, Shop-
ity stors are expensive,but e
e i gt up nd rnming. Voo

erce, on ¥ hand,
s widr ey of o,
bt eqires xperie 0

WooCommerce, sald sores on

that platform and PrestaSh

which have the highest survival
 are exponentially harder

Toads tend 1o be very seious

@Shoply Wi © Sauirespace @ Wookommarce @ Prstashop

Suvval ke
eronevew

R}
o S w0 o M de W s
Oays romsignup

But s0 far in 2022, growth has
slowed s
Gl s

cd
m“ omain o tcoing ey

et up through-commerce
o . Acording o The

Globe's
e umann hopify domains

up in 20 18 milion
s st v s and

POl aalosion T tomstatd]

“iou pobaly s an e
ation bet
eand e il e

Pkmy of Shopity customers
with the serice and
b stkingwith i

Grant Broggi, who runs South
Gl b:ued The Srenh Co,
using

S ot b o b

Woen the pandemic bt in
2000, M, Bogas v busiess
found a new home.
Ve sl manilis
tured barbels and. plates. Add
onssuch s Bt Shopty P
that helps wit calcult \] ’]‘

o DR on

is st summer, hopiychiel

work
hefty profits tumed to n adjust
ed operating loss of USS 1 mil-

Nefiine. i ons
o e o o o 50y e O 10,053
o Shopiy P o .
Mlvm udltsnhllshm husl a3
e m o pht. Gomn
forne, sueh 2 Woocommeree
nud:tnmmmclnud.mnNn e s
et squse one [l 58
s Plus ser
o i s e e o vl 500
5 monthly recuin revemue .
its x«mu\«\mnn camings, the ot W 502
mos ecen 1 has epored thi Tendinus Jf 20
Y
cording to The Globe's anal- SHOPLA gy 44
i, from 2019 0. 203, the Shopbza 47
hcdlan sursial ime or
Operating on Shopiy Plus was _Go0uddy nlesore [ 55
oy The dala RGER62er T4 GLOLE AN AL, SOURCE TORE L5
e of the mercants on s
e beyond  yea, o muc
Righer surval ot compared

with merchants who do not use
Howeser, Shopify Pl

s
en o 2 reaely il
Share of the total - more th

platorms,” M. Forte sakd. “Be- —on the platiorm grew as his sales
cause i large players are leaving  volume ncreased. This s because
our platform like that, they are  Mr. Blase needed acces (0 new
notdoingithecause theyareclos. features called add-ons or apps,
In ol oIt pobly be - e, Wi s madey i

2021 according to Shoplfy - and

i on
e e e

Jue 0. and. the, company

ned of “mateialy” higher

Imm e rhe s quaier, 0 be

ported on Oct.

. e et WoaCom

e - oi3 ind s sice

founded o mare compunics
hat support e-commerce

33



E-commerce domain survival rates, by platform, 2019-2021
Percentage of domains that survive by number of days after sign-up
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In PNAS Simon et al. 2022

p NAS RESEARCH ARTICLE ‘ PSYCHOLOGICAL AND COGNITIVE SCIENCES mf' OPEN ACCESS I l)

Sleep facilitates spatial memory but not navigation using
the Minecraft Memory and Navigation task

Katharine C. Simon®", Gregory D. Clemenson®, Jing Zhang®(®, Negin Sattari®(®, Alessandra E. Shuster?, Brandon Clayton?, Elisabet Alzueta“®,
Teji Dulai, Massimiliano de Zambottic®, Craig Stark®@®, Fiona C. Baker“?, and Sara C. Mednick?®

Edited by Thomas Albright, Salk Institute for Biological Studies, La Jolla, CA; received February 11, 2022; accepted August 4, 2022

Sleep facilitates hippocampal-dependent memories, supporting the acquisition and mainte-
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In PNAS Simon et al. 2022

A Sleep vvake oleep
Recall Tests
5 2 : .
= o >
8 §g3
8-10 3 22
.- ©
3 -15 <51
g g8
©-20 £8o
&2 SE1 I
L 35
© ©
B -35 a3
S -4
Yow s Test1 Test2 Test1 Test2 Wake Sleep
Environment 3 Envirsament 4 Wake Sleep p=.035

Applied Statistics | November 2 2022 36



