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Overview

@ Why do we need open science practices in the design and analysis of
simulation studies?

© lllustration: Phase IV simulation study on the correction of
measurement error in occupational epidemiology

© Outlook and discussion
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Why open science in simulation studies?

Overoptimism in methodological research
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Why open science in simulation studies?

Overoptimism in methodological research

Mathod

“ 4]
- -
n
-
1) 1
-
) =
ol
.
(]
- <
4 (]
-
(LI F]
. o maeeme
- u -

Optmizoson stops
Sea # coroe
1% W A )
12, sggeparion rwted
- T L

1 et ama
(L)

10.12.2024

4/22



Why open science in simulation studies?

Overoptimism in methodological research
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Why open science in simulation studies?

Overoptimism in methodological research

“The New Method Performed Better Than Existing Ones”
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Why open science in simulation studies?

Overoptimism in methodological research

"N EEE ¥ & a il 5 " 9 i 5 1 Tpea ol compernon
& L] | | ® i — vy
% [ Try——
L L ] LI | - 5 prwieed bakeloky md el
- | b of Codoria

f LI
-.. 1 [ e |
| ...'--,. ™ :.:
- e ! 8 =
Ll I7 =
g @=
1. L]
B =
L
@-
L
LA R NN i
pelj-csRleglaldjg-galgaiadils]
Pl EREERgl 0 aippguiliglyt|
kS RN RS R R R R
a L - R . = o =
] - =
§ L
|

10.12.2024 7/ 22



A replication crisis in methodological research?

A replication crisis
in methodological
research?

10.12.2024



Why open science in simulation studies?

How to improve neutrality through open science practices?

@ Data generation:

o Pre-registration of simulation setup including transparent reporting of
pilot studies with feedback by experts
o Data are generated by an independent team
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Why open science in simulation studies?

How to improve neutrality through open science practices?

Data generation:
o Pre-registration of simulation setup including transparent reporting of
pilot studies with feedback by experts
o Data are generated by an independent team
@ Expertise:
o Involve independent experts for all methods
@ Reporting:
o Blinded reporting of results by independent person who has little
experience with any of the methods
e Shiny app: Comprehensive visualization of complex simulation results
may reduce selective reporting of results

Transparency:
e Code sharing for methods and for simulation study



open science in simulation studies?

How can code sharing help?
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Why open science in simulation studies?

How can code sharing help?
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Phase IV simulation study

llustration: Phase IV simulation study on

the correction of measurement error in
occupational epidemiology



Background

@ Uncertainty in exposure assessment poses an important threat to the
validity of statistical inference in occupational epidemiology



Background

@ Uncertainty in exposure assessment poses an important threat to the
validity of statistical inference in occupational epidemiology
@ Exposure assessment in occupational epidemiology is often based on
Job Exposure Matrices in which there are different sources of error
[Greenland et al., 2016]:
o Exposure information for each job is usually imprecise or incomplete
e Exposures within a given job code may vary considerably from person
to person due to differences in job conditions and worker practices



Classical measurement error Berkson error

Zi(t) = Xi(t) - Ui() Xii(t) = Zj(t) - Up(t)
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Phase IV simulation study

Shared measurement error

Xio(t)
/
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Phase IV simulation study

Shared measurement error

Zj(t):

b > gJ(t) true mean Berkson error
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Phase IV simulation study

Shared measurement error

Classical measurement error
shared between miners
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Phase IV simulation study

Exposure assessment in the second exposure period
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Phase IV simulation study

M2 Orc? Cra(Po) | a ‘ x| Ocg?
Na C'rn(t,0)
CRn(pm)

@(Poj)
l ¥ J E*(,0,j0(0)) l 7(Pro) l

X

(p(tOpJ \
@ " (o) L2
Xem(®) ) 3= @ '(t,0) w(py)

Yi, &i I(i.,t,0.))

H
T
\

b
4
Q

7'(t,0) 9(pto)

=
el
S
<

!@

b
4

@
af

r

10.12.2024 15 / 22



Phase IV simulation study

Measurement models for the second exposure period

Crn(pPto) = Crn(Pto) + Uc,c(Pto)
C;?n(ta O) = CRn(pto) : UQB(t, O)

f(Poj) = #(Poj) * Ug,c(Poj)
90/(1-7 o, pj) - QO(pOJ) : U(p,B(ta o, pj)

w(pt) = w(pt) - Us,c(pt)
W'(t,0) = w(pe) - Un,(t,0)
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Phase IV simulation study

Aims of the simulation study

@ Assess the overall impact of measurement error on risk estimation with
a naive estimate which does not assume any measurement error
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Phase IV simulation study

Aims of the simulation study

@ Assess the overall impact of measurement error on risk estimation with
a naive estimate which does not assume any measurement error

@ Assess the performance of a Bayesian hierarchical approach and
compare it with SIMEX and regression calibration

o Assess to what extent the complex structures of measurement error
can be accounted for with simplified measurement models by
considering the results under model misspecification



Phase IV simulation study

How to choose a neutral data generating mechanism?
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Phase IV simulation study

How to choose a neutral data generating mechanism?
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Phase IV simulation study

How to address inventor bias and differences in expertise?

o Independence: Person A responsible for the implementation of the
Bayesian hierarchical model, person B responsible for data generation
and the implementation of SIMEX and regression calibration



Phase IV simulation study

How to address inventor bias and differences in expertise?

o Independence: Person A responsible for the implementation of the
Bayesian hierarchical model, person B responsible for data generation
and the implementation of SIMEX and regression calibration

o Expertise: Involve two experts on frequentist methods for
measurement error correction



Phase IV simulation study

Preliminary results - Scenario 1

coverage beta bias of the mean
rate mean median | absolute relative in %
naive (frequentist) 0.31 0.27 0.25 -0.03 -11.32
naive (Bayes) 0.31 0.26 0.25 -0.04 -12.76
RC 0.39 0.32 0.27 0.02 5.96
Bayes 0.94 0.29 0.29 -0.01 -2.98
SIMEX 0.57 0.29 0.28 -0.01 -4.24
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Phase IV simulation study

Preliminary results - Scenario 2

coverage beta bias of the mean

rate mean median | absolute relative in %
naive (frequentist) 0.25 0.25 0.24 -0.05 -17.36
naive (Bayes) 0.27 0.24 0.24 -0.06 -18.65
RC 0.29 0.29 0.25 -0.01 -2.57
Bayes 0.93 0.32 0.32 0.02 6.76
adjustment for
classical error
Bayes Level a 0.60 0.31 0.31 0.01 4.88
SIMEX 0.61 0.27 0.25 -0.03 -11.47
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o Evaluate performance on new data generation mechanism
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Outlook and discussion

Outlook and discussion

e Outlook:
o Evaluate performance on new data generation mechanism
o Pre-register simulation design and methods and ask for feedback of
STRATOS experts on measurement error
o Limit spin and selective reporting through blinded reporting of results
@ Discussion:
o Is it really a phase IV study?
o Is the performance of a method when implemented by experts (level 3)
really of interest?



Thank you for your attention!



[ Greenland, S., Senn, S. J., Rothman, K. J., Carlin, J. B., Poole, C.,
Goodman, S. N., and Altman, D. G. (2016).
Statistical tests, p values, confidence intervals, and power: a guide to
misinterpretations.
European Journal of Epidemiology, 31(4):337-50.

[W Kiichenhoff, H., Deffner, V., ARenmacher, M., Neppl, H., Kaiser, C.,
Giithlin, D., et al. (2018).
Ermittlung der Unsicherheiten der Strahlenexpositionsabschatzung in
der Wismut-Kohorte - Teil | - Vorhaben 3616512223.
Ressortforschungsberichte zum Strahlenschutz.
Bundesamt fiir Strahlenschutz (BfS).

[3 Strobl, C. and Leisch, F. (2024).
Against the “one method fits all data sets” philosophy for comparison
studies in methodological research.
Biometrical Journal, 66(1):2200104.



Simulation scenario S1

Crn(t,0) = Cra(t,0) + Uc(t, 0)

f(O,j) = @(Ovj) . U%C(Ov.j)

W(Pt) = W(Pt) : Uw,c(pt)

g(pt;0) = v(pt,0) - Uy c(pt, 0)

Xi(tv O) = CRn(tv O) -12. ’7(pt7 O) : W(Pt) : QO(O)J)

Zj(t,0) =Crn(t,0) - 12- g(p, 0) - w(pt) - f(0,))



Simulation scenario S2

Crn(t,0) = Cra(t,0) + Uc(t, 0)

f(O,j) = (10(07]) : Ugo,c(oaj)
¢'(t,0,5) = ¢(0,)) - Uy 8(t,0,))

w(p:) = w(pt) - Uu,c(pt)
w/(t, O) = w(pt) : Uw’,B(tv O)

g(pt,0) = v(pt, 0) - Uy c(pt, 0)
7' (t,0) = v(pt, 0) - Uy 5(t, 0)

Xi(t,0) = Cra(t,0) - 12-7/(t,0) - W'(t,0) - ¢'(t, 0,))

Zj(t,0) =Crn(t,0) - 12- g(p, 0) - w(pt) - f(0,))



Preliminary results - Scenario 1

coverage beta bias of the mean
rate mean median | absolute relative in %
naive (frequentist) 0.31 0.27 0.25 -0.03 -11.32
naive (Bayes) 0.31 0.26 0.25 -0.04 -12.76
RC 0.39 0.32 0.27 0.02 5.96
Bayes 0.94 0.29 0.29 -0.01 -2.98
SIMEX 0.57 0.29 0.28 -0.01 -4.24
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Simulation scenario S2

Crn(t,0) = Cra(t,0) + Uc(t, 0)

f(O,j) = (10(07]) : Ugo,c(oaj)
¢'(t,0,5) = ¢(0,)) - Uy 8(t,0,))

w(p:) = w(pt) - Uu,c(pt)
w/(t, O) = w(pt) : Uw’,B(tv O)

g(pt,0) = v(pt, 0) - Uy c(pt, 0)
7' (t,0) = v(pt, 0) - Uy 5(t, 0)

Xi(t,0) = Cra(t,0) - 12-7/(t,0) - W'(t,0) - ¢'(t, 0,))

Zj(t,0) =Crn(t,0) - 12- g(p, 0) - w(pt) - f(0,))



Preliminary results - Scenario 2

coverage beta bias of the mean

rate mean median | absolute relative in %
naive (frequentist) 0.25 0.25 0.24 -0.05 -17.36
naive (Bayes) 0.27 0.24 0.24 -0.06 -18.65
RC 0.29 0.29 0.25 -0.01 -2.57
Bayes 0.93 0.32 0.32 0.02 6.76
adjustment for
classical error
Bayes Level a 0.60 0.31 0.31 0.01 4.88
SIMEX 0.61 0.27 0.25 -0.03 -11.47
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Simulation scenario S3

Cra(t, 0) = Cra(t,0) + Uc(t,0)

f(O,j) = 90(07./.) : Ugo,c(oyj)
@/(ta O7.j) = @(07./) : U@’,B(t7 O7j)

w(p:) = w(pt) - Us,c(pt)
w'(t,0) = w(pe) - Uwr B(t, 0)

g(ph O) = V(ptv O) : U’Y,C(pt7 O)
7/(t7 O) = ’Y(Pt, O) ) U"/’,B(t’ O)

Xi(t,0) =Cry(t,0)-12-7'(t,0) - w'(t,0) - ¢'(t,0,))
+ UE,B(ia ta Oa.j) + UEA,B(ia Oaj)

Zi(t,0) =Crn(t,0) - 12 - g(ps,0) - w(p:) - f(0,))



Preliminary results - Scenario 3

coverage beta bias of the mean

rate mean median | absolute relative in %
naive (frequentist) 0.28 0.24 0.24 -0.06 -19.27
naive (Bayes) 0.22 0.23 0.23 -0.06 -20.63
RC 0.37 0.29 0.25 -0.01 -3.01
Bayes 0.98 0.31 0.31 0.01 3.50
Bayes double size 0.28 0.84 0.80 0.54 178.76
Bayes half size 0.80 0.30 0.30 -0.00 -1.43
adjustment for
classical error
Bayes Level 5a 0.55 0.30 0.29 0.00 0.88
SIMEX 0.60 0.26 0.25 -0.04 -13.81
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M1b: Measurement model to describe uncertain quantities
in underground-mining objects in Thuringia in the first
exposure period

CR,,(I'()(OQ(O))7 O()(O)) 212
A(to(00(0)), o0(0))
g(pto) - w(pt) - f(poj)

E(t,0,j) = - te(0) - A(t, 0))-
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M2 Expert: Measurement model to describe uncertain
quantities in underground-mining objects in the second
exposure period

E(t,0,j) = Cexp(pto) - 12 - g(pto) - w(pt) - f(Poj)
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M4: Measurement model to describe uncertain quantities in
surface areas affiliated to mining and in exploration objects
in Thuringia

E(t,0,)) = f(poj) - E(Pto)



M4/MX_Expert_ WLM
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M6: Measurement model to describe uncertain quantities in
open pit mining objects

12
E(t,0,(0)) =5 (Crno(1994/1995, 300) +
d(t,0)
(Crn130(1994/1995,300) — Cry,0(1994/1995, 300)) ==

e(pto) - €2(pto)) -
g(pto) - w(pt) - f(pyj)



Measurement models in the Wismut cohort

underground mining processing companies open pit mining objects 3
objects PPY: 7% (M5) PPY: 1% arEEciEe:
PPY: 76% (M5a: 2%; M5b: 5%) (M6) °

surface areas

.. - development exploration : s
mlmnglobjoects objects cbiets afﬁlla(sdlto Tmlng
PPY: 52% PPY: 2% ) PPY: 21%
e PPY: <1% (M4)

Saxony Saxony Saxony
1st period A 1st period PPY: 2% 1st period PPY: <1%
PPY: 9% (M1a) PPY: 2% (M1a) PPY: <1% (M1a)

Thuringia Thuringia Thuringia
2nd period PPY: <1% 2nd period PPY: <1% m\;: <1%
PPY: 18% (M1b) PPY: <1% (M1b)

M2)

(M2)

3rd period 3rd period
PPY: 25%

(M3)

PPY: <1%
(M3)




Exposure assessment in the Wismut cohort
[Kiichenhoff et al., 2018]

o

Kiichenhoff, H., Deffner, V., ARenmacher, M., Neppl, H.,

Kaiser, C., Giithlin, D. et al. (2018). Ermittlung der Unsicherhieten der Strahlenexpositionsabschatzung in der

Wismut-Kohorte - Teil | - Vorhaben 3616512223. Resssortforschungsberichte zum Strahlenschutz. Bundesamt fiir
Strahlenschutz (BfS).
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