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Deterministic Nonperiodic Flow!

Epwarp N, LoreEnz

Massachusetls Institule of Technolopy
{(Manuscript received 18 November 1962, in revised form 7 January 1963)

Edward Norton Lorenz
(born May 23, 1917)
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Edward N. Lorenz, "Deterministic non-periodic flow,"
Journal of the Atmospheric Sciences, 1963
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Stephen H. Kellert, In the Wake of Chaos: Unpredictable Order in
Dynamical Systems, University of Chicago Press, 1993

"Of students surveyed, 64% prefer English and
32% prefer math. The fact that these numbers
do not add up to 100 may help explain why."
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Stephen H. Kellert, In the Wake of Chaos: Unpredictable Order in Dynamical Systems, University of Chicago Press, 1993

Edward N. Lorenz, "Deterministic non-periodic flow," Journal of the Atmospheric Sciences, 1963



Narrow focus = limited number of endpoints

p<0.05 1/20 -> statistical significance



Multiple Comparisons (outcomes)

t-test
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time they were sacrificed on GD16. Bars represent mea umber of animals in each group is
shown within each bar. See Materials and Methods for treatmentTetails.
*p<0.05; **p < 0.01 (significantly different from control group using Bonferroni's ttest after one-way ANOVA).

Figure 2, Effect of A1254 treatment on serum cnnﬂentratinﬂ (A) and total T5 (B) in dams at the

Gauger et al. Environ Health Perspect 2004
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Simpson's Paradox and Clinical Trials: What You
Find Is Not Necessarily What You Prove

e RCT: brain injury following cardiac arrest

— Myocardial Infarction

— Drowning

— Adverse effect: hypotension

——
e

OM TeeNAGCERE, ADULT?

tatistics show that
leen pregnancy
drops off significantly
after age 25.
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Abramson et al. Ann Emerg Med 1992
Kyrgidis et al. J Clin Oncol 2010
Kyrgidis et al. Lancet Oncol 2013
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Placebo Therapy Experimental Therapy

Hypotensive Normo@ Cb tensive Normotensive

Ml Drowning i Ml Drowning ) Ml Drowning Ml Drowning

Abramson et al. Ann Emerg Med 1992

Kyrgidis et al. J Clin Oncol 2010
Kyrgidis et al. Lancet Oncol 2013



Simpson’s Paradox

Example: 44% of male
applicants are admitted
by a university, but only
33% of female applicants

Does this mean there is
unfair discrimination?

University investigates
and breaks down figures
for Engineering and
English programmes

Male |Female
Accept |35 20
Refuse |45 40
entry
Total |80 60




Simpson’s Paradox

 No relationship between

sex and acceptance for

: Engineer- | Male Female
either programme ing
— So no evidence of — =~
discrimination Accept /30 1(N
e Why? Refuse \30 y

— More females apply for the entry S~

English programme, but it it

hard to get into Total 60 20
— More males applied to English | Male Female
Engineering, which has a 1
higher acceptance rate than Accept / 5 1(N
Engillshk ] ) Refuse \ 15 y
* Must look deeper than entry N

single cross-tab to find this
out Total 20 40




Another Example

e A study of graduates’ salaries showed negative
association between economists’ starting salary and
the level of the degree

— i.e. PhDs earned less than Masters degree holders, who in
turn earned less than those with just a Bachelor’s degree

— Why?
e The data was split into three employment sectors
— Teaching, government and private industry

— Each sector showed a positive relationship
— Employer type was confounded with degree level

Abramson et al. Ann Emerg Med 1992
Kyrgidis et al. J Clin Oncol 2010
Kyrgidis et al. Lancet Oncol 2013



CAUSATION —Changes in A cause changes in B,
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COMMON RESPONSE — Changes in both A and B
are caused by changes in a third variable, C.

& e

CONFOUNDING —Changes in B are caused both by
changes in A and by changes in third variable C.
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Selecting a Multivariate Technique

e Dependency

— dependent (criterion) variables and independent
(predictor) variables are present

* Interdependency

— variables are interrelated without designating
some dependent and others independent



Dependency Techniques

Multiple regression

Discriminant analysis

Multivariate analysis of variance(MANOVA)
Linear structural relationships (LISREL)
Conjoint analysis



Uses for Multiple Regression

e Control for confounding variables to better
evaluate the contribution of other variables



VOLUNME 27 + NUMBER 22 + NOVEMBER 10 2008

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Eulau:m:-nata F'amldr:-nata aﬂ:l logndronate (M = 1,621|

Longitudinal Cohort Study of Risk Factors in Cancer Siusted Predictors for QN
Patlents of Bisphosphonate-Related Osteonecrosis of the Jaw Davalgpaing Adpestad OH® 5% 1" T
s o e ot bt S s | R 5 Pr——— T
. A 0.99 0.47 1o 1.03 597
Smoking status 0.82 0341112 115
Use of dentures 202 103 10 396 042
Dinsgas
Braast cancar 1.341 06310 2.85 445
Prostate gancar 0.8 0.10 1990 oge
Histany of dental woark
Exlracton Jz2.97 18,02 10 BL3T = 001
Root canal trestment .76 0238 1 147 iz
Ever recaived BPRs
Zoledronate 2809 5741013743 < .00
Famidronats 12.32 2.04 1o 747 006
Ibandronats Crdo (.07 16 086 042
Each dose of BP admmastgrad
All BPE 52 030 1w 08 o2
Laledromate 202 1.16816 3 .58 s
Pamidronata 1.78 1007 123,16 045
|bandronate .00 .00 a52

Apbreviations:. OMJ, estepnecrosis of tne jaw; OR, odda ratio; BPs,
bisphosphonatas,

"ORs, 95% Cls, andd P values were calculsted wath conditansd multvariate
et regression beckwerd alimdnaton madel aroording 1o likeihood-ratio
critena. ORs were mutually -adjusted tor variables m the madel. Logit for
olfcome. variable “ORJ" 15 estimated for ONJ = no. Logit for indepandent
neernnel variable “disesae” s egtirnated for diseass = muftaple mysome: Logit
for independent ordinal variablas "Each doss of BPadministered” is estimatad
for gach dose of BF adrinistered = 1 AR othor dichotoorous vanables = no,

to lBval sat 1o P <= 08, Cuteff value sat 1o 0,100 Stansticely sanificent &
walues apoear in bold,




Uses for Multiple Regression

e Control for confounding variables to better
evaluate the contribution of other variables

e Predict values for a criterion variable by
developing a self-weighting estimating
equation
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The International Criteria for Behcet's Disease (ICBD):
a collaborative study of 27 countries on the sensitivity and
specificity of the new criteria
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Uses for Multiple Regression

e Control for confounding variables to better
evaluate the contribution of other variables

e Predict values for a criterion variable by
developing a self-weighting estimating
equation

* Test and explain causal theories

— Path analysis



Accuracy of dermoscopic criteria for discriminating
superficial from other subtypes of basal cell carcinoma

Aimilios Lallas, MD,* Thrassivoulos Tzellos, MD," Athanasios Kyrgidis, MD." Zoe Apalla, MD,*
Iris Zalaudek, MD."* Athanasios Karatolias, MD," Gerardo Ferrara, MD.® Simonetta Piana, MD,"
Caterina Longo, MD," Elvira Moscarella, MD.* Alexander Stratigos, MD." and Giuseppe Argenziano, MD*
Reggio Emilia and Benevento, laly; Thessaloniki, Volos, and Athens, Greece; and Graz, Austria
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Fig 4. Flow chart For the dermoscopic diagnosis of superficial basal cell carcinoma (s860 ), In
the parentheses after asfersi, we repon the absolute proportion: of. tumaors, showing each
prognostic dermoscopic criterion, that were sBCC in our sample freference proportion, 24,006
Clabile 1 This information is only indicative and cannol be generalized Cas it omby applics to our
samplel, as opposed 1o repomed adjusted odds mtios, which are universally valid and

applicable,




Uses for Discriminant Analysis

e Classify persons or objects into various groups

* Analyze known groups to determine the
relative influence of specific factors
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Accuracy of dermoscopic criteria for the diagnosis of

psoriasis, dermatitis, lichen planus and pityriasis rosea
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Fig 4. Receiver-operator characteristic (ROC) curve. Backward
elimination according to likelihood ratio criteria. Area under curve

(AUC) = 09235, 95% confidence interval 0-896-0-974 (P < 0-:001).




Use for MANOVA

e Assess relationship between two or more
dependent variables and classificatory
variables or factors samples

e E.g....measure differences between
— employees
— customers
— manufactured items
— production parts



Uses of LISREL

e Explains causality among constructs not
directly measured

* Two parts
— Measurement model
— Structural Equation model



Use for Conjoint Analysis

e Market research

* Product development



Binary Logistic Regression

R

e Anxious?

e '  Similarity to linear regression:

1.

2.
3.
4

Model fit
Interpreting coefficients
Inferential statistics

Predicting Y for values of the
independent variables
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Binary Logistic Regression

Linear regression on a dichotomous dependent variable:

Yes=1

No=0

Y = Support
Privatizing
Social

Security >1<  Income 10
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Methods of Regression fs:ef%t‘*«n
1
Forced Entry: All variables entered smultaneousl{ ‘\\‘%’H

‘__._",‘[-;__,..

Hierarchical: Variables entered in blocks.

— Blocks should be based on past research, or theory being
tested. Good Method.

Stepwise: Variables entered on the basis of statistical
criteria (i.e. relative contribution to predicting
outcome).

— Should be used only for exploratory analysis.



Equation for Step 1

Wariables in the Equation

95% C.Lfor EXP{E)
B SE. Wirald df Sig. Expi(B) e e
Step 12 Interventiongl) 1.2249 400 9447 00z 347 1.561 7.4a0
Constant -.238 270 1134 2ar Fan k

a. Variable(s) entered on step 1: Intervention.

1.561 to 7.480.

The impo
(both val
than 1 m
this case)
predictor



Mo TARPNG MapEKKALON ano tTnv Baockn pac avaivon: H
Lotopia tTn¢ moAAanAnG MAaAWvépopnong

e[10oca Ypripnata 6o CUYKEVTPWVOVTOV Ao TNV €TLBOAN
EVOC €L0AYWYLKOU Saopou oto {wiKA Kol GUTIKA EAaLaL
(Boutupo, €Aailo coyLag, K.A.1.);

* O UTTOAOYLOMOC QLUTOC QTTOLTEL VAl YWWPL{OUE TLG
eAOLOTIKOTNTEC MTPOoodopac Katl {NTNONC, TOOO TLC EYXWPLEC,
000 KOl TWV KPOTWV art’ OTIou ELCAYOoVTaL Ta T EAALAL.

eTo nmpoPAnua avto eAvoe mpwtoc o Wright to 1928 oto
Noapaptnpa B tou €pyou tou “The Tariff on Animal and
Vegetable Oils”.



Alavpoupua 4, oel. 296, Napdaptnuo B (1928):

Figure 4. Price-outpuT DaTA FAIL TO REVEAL EITHER SUPPLY
ok DEMAND CURVE.

Y

T = = - =
< R

Q Q, Q, X



Moloc, opwe, eypade to MNapaptnua B...;

...TO TIOPAPTNHO QUTO TILOTEVETAL OTL TO £ypale gite o
L6loc o Philip Wright oe cuvepyaoia pe to yLo tou, Sewall
Wright, mou Atav e€aipetoc oTATLOTIKOAOYOC 1) O YLOC TOU
LLOVOC TOU.

[MowoL Atav oL SU0 auTOoL AVTIPEG KAL TTOLAL N LOTOPLA TOUG;



Philip Wright (1861-1934) Sewall Wright (1889-1988)

(.0NUOC OLKOVOUOAOYOC Kol ItotnTr¢ OLAONOC YEVETIKOC OTATLOTIKOAOYOC

MA Harvard, Econ, 1887 ScD Harvard, Biology, 1915
Lecturer,Harvard,1913-1917  Prof., U. Chicago, 1930-1954

35




Napadewypoa: ZAtnon toyapwv

*[1600 Ba pelWVOTOV N KATAVAAWGCH TOLYAPWV QIO TNV
et BoAn evoc (umoBeTikov) popou;

e[L0 VO QTIOVTIOOULE OTO EPWTNHA AUTO, XPELAlETAL VO
yVwpl{oupe TNV EA0CTIKOTNTA TNCS {NTNONC TOLYAP WYV,
6nAadn, to ocuvteAeot) avépounong ;.

111( Q.f;'gare'rres) — lf_?{] iR ﬁlll]( er_gme:‘.‘es) 1 ”;’



Logistic regression (1)

Table 2 Age and signs of coronary heart disease (CD)

Age CD Age CD Age CD
22 0 40 0 54 0
23 0 41 1 55 1
24 0 46 0 58 1
27 0 47 0 60 1
28 0 48 0 60 0
30 0 49 1 62 1
30 0 49 0 65 1
32 0 50 1 67 1
33 0 51 0 71 1
35 1 51 1 77 1
38 0 52 0 81 1




How can we analyse these data?

e Comparison of the mean age of diseased and
non-diseased women

— Non-diseased: 38.6 years
— Diseased: 58.7 years (p<0.0001)

e Linear regression?



Signs of coronary disease

Dot-plot: Data from Table 2
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Logistic regression (2)

Table 3 Prevalence (%) of signs of CD according to age group

Diseased
Age group #in group # %
20 -29 5 0 0
30 -39 6 1 17
40 - 49 7 2 29
50 - 59 7 4 o7
60 - 69 5 4 80
70-79 2 2 100

80 - 89 1 1 100




Dot-plot: Data from Table 3
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Probability of
disease
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The logistic function




multinomial logistic regression...

Case Processing Sitmmarv
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COriginal article

Accuracy of dermoscopic criteria for discriminating superficial from
other subtypes of basal cell carcinoma

Aimilios Lallas, MD* & - Bl Thrassivoulos Tzellos, MDS, Athanasios Kyrgidis, MDY, Zoe Apalla, MDS, Iris
Zalaudek, MD® =, Athanasios Karatolias, MO, Gerardo Ferrara, MD?, Simonetta Piana, MDE Caterina
Longo, MD#, Elvira Moscarella, MD?, Alexander Stratigos, MD-*', Giuseppe Argenziano, MD?

Multinomial {polytomous) regression

Using multinomial logistic regression, we created
1 meodel that classifhies patients into 1 of 7 predehned
BCC types, based on dermoscopic information from
each patient. The results show that the model allows
proper classification of sBCC and nodular BCC but
not morpheatorm, mixed, infiltrating, and fbroepi-
thelioma types.
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