The Garden of Forking Paths: e satstical conseavences of pata contingency and \\hyy IMost Published Results are False = David Smith """ =5y

The conventional (incorrect) approach: The problem — not unique to cyclostratigraphy — is STATISTICAL MULTIPLICITY: The conventional (incorrect) approach
CONFIRMATORY testing used in EXPLORATORY mode

. . . . .« .. «  epe finds ‘significant’ cycles in RANDOM datalVes]
“repeated looks at a data set in different ways, until something statistically significant emerges” = y

www.statistics.com
Why is MULTIPLICITY relevant to cyclostratigraphy? It’s all about what is being asked of the data ... plack = raw specirum, green = smoothed spectrum, red = robust AR(1) noise model, CL at 99% and 95%

The cyclostratigrapher’s question is: Whereas a typical question for statistics is:

Are there any cycles, if so, how many, and at what frequencies? Could a spectral peak at frequency F be due to chance?
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This is not a statistical question, but is typical of ... This is a strictly statistical question, and is central to ...
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EXPLORATORY DATA ANALYSIS (EDA): CONFIRMATORY DATA ANALYSIS (CDA):
» Searching for patterns (e.g. cyclicity) in order to erect hypotheses: | |* Testing a hypothesis for statistical significance:

* Use of multiple techniques and parameter values is essential » Strict protocols are critical; no flexibility; accept/reject hypothesis
EXAMPLES: Figures 1 and 6 EXAMPLES: Figures 2 and 3
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EXPLORATORY: I
* Conventional (ML96) CLs identify many ‘significant’ wavelengths:|\WHY?
e Single-test CLs are meaningless when testing multiple frequencie
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This is EXPLORATORY: l |
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A GAME OF CHANCE: o Unrecognised multiplicity leads to

Data: Ca data (3522 values, detrended), Pliensbachian, Mochras-1, UK onshore, 861.4 - 1283.92 m, depth interval 0.12 m Data: 1024-pt random dataset, 15t-order autocorrelated, coefficient = 0.7, sample interval = 0.1m. Source: Astrochron function arl
[ ] [ ] . . . . .

Source, and cycle period/wavelength picks: Ruhl et al. 2016; see also Smith & Bailey 2018; Hinnov et al. 2018 t h f d t t d Analysis: MTM (3 tapers), using mtmDS, modified from Astrochron function mtmML96 to plot on log-log axes. Spectrum has 512 points.

Analysis: MTM (3 tapers), using unpublished R function mtmDS, modified from Astrochron function mtmML96 to plot on log-log axes e Wro ng CO n I e n Ce es I m a es a n

Given the 1:6 probability of getting a six,

why does nearly every throw include a six? to False Positive results (Type |

statistical errors) .

Exploratory spectrum search is possible, but only if CLs are

corrected for testing at multiple frequencies!VBsI:

* The above search implies tests at N/2 = 512 frequencies (N = 1024)
* To correct CLs, divide a (the False Positive rate) by 512 (a + CL=1)
* Foraglobal 95% CL, o = 0.05/512; corrected local CL = 99.99%

Contrary to critical comments!HWF et this correction is neither ‘unrealistic’ nor ‘extreme’: uncorrected CLs

Compare these examples of analysis:
each is a strict test of significance at a single frequency

“The more analyses you perform on a data set, the more

your overall alpha [false positive] level increases. * Sources of multiplicity in cyclostratigraphy:
Perform two tests and your chance of at least one of them =% -
coming out falsely significa nt is about 10%; run 40 tests, a /' "' - 1 ASSU med freedom Of ana Iyt|Ca| mEthOd: may appear to give a desirable cyclostratigraphic outcome, but at the expense of any statistical integrity. For

and the overall aloha [FP] level iumps to 87%. This is real data, further corrections should be made, to account for data-contingent analytical multiplicity!©.
Vv Vv u . ISIS ... .
Pha PP EVElJImDP PP *  The Garden of Forking Paths!®4, a.k.a.
the problem of multiplicity, or Type I error inflation.
Researcher Degrees of Freedom[>NS!

‘ Figure 5
A CHALLENGE (1): make a throw of all 2. Single-test CLs used to search spectralVes!

30 dice that does NOT include a Six. Figures 1 and 6

black: raw spectrum; green: smoothed spectrum; red: power law noise model, CLs at 95% and 99%

purple: wavelength = 11 years

black: raw spectrum, green: smoothed spectrum,
red: robust AR1 noise model, CLs at 95% (local) and 99.99% (=global 95%)

| mr '1"'. u

¥

This is a CONFIRMATORY analysis: ' " "|
* Test applies at one frequency only; the CLs are definitive
* Power at 0.091 cycles/yr >> CL; CONCLUSION: the data are periodic SECTION

Basin? locality / exposure / borehole? exact line of section?

\
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_'4 '2 (') < - C] - - EXPLORATORY ... but with CLs corrected for multiple-testing
-~ . e Corrected 95% CL identifies NO statistically significant peaks
Log (frequency: cycles/yr) < - - - - - .
= SAMPLING Climate proxy/proxies (e.g. MagSus+/.CaCO3 / TOC/ C-isotopes/-GR/other ...)?_sample size and spacing? - * The data are correctly confirmed to be RANDOM
Data: monthly sunspot numbers 1749-2018 (3237 values, detrended) Source: WDC-SILSO, Royal Observatory of Belgium, Brussels - | T
Analysis: MTM (3 tapers), using unpublished R function mtmPL, modified from mtmML96, to fit and apply a power law noise model - - C] - - 4 ) -2 -1
Fi gu re 7 Log (frequency: cycles/m)
PRE-PROCESSING Omit outliers? omit ‘event”beds? re-sample to equalintervals: interpolate or downsample? de-trend? if so, linear or/arid-polynomial? bata: As Figure 7 Analysis: mimDs, further modified from Astrochron's mtrmML96 to plot a non-standard, ‘global Confidence Limit
black: raw spectrum, green: smoothed spectrum, red: power law noise model, CLs at 95% and 99% - C] - - W h d h °
- - ere does this leave us?
purple = sunspot frequency Q —
i ? i 9 ? - - . .
e ower << CLat(single testfraguency Ln O  PROCESSING Which software package(s)? spectral analysis method? parameterss - The need for multi-frequency CL corrections has recently been accepted (Meyers 2018);
= — - - - C] - The Forking Paths route to Multiplicity remains unacknowledged and is more serious;
m [ ] [ ] [ ] [ ] [ ]
.I_‘l|_° = \ Statistical methods (and results) in cyclostratigraphy urgently need a full review.
[ (] o . [ ? , _ o
STATISTICAL TESTING Choice of noise modei{AR1 / PL / BPL / other ...); modei estimation method and parameters? Ifin 3 ny dou bt, ASK A STATISTICIAN!
3
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