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Choices

Your theory is wrong!

l_‘. L
TILBURG ¢ %?ﬁi ¢ UNIVERSITY
l-\‘;’rl



Remove? remove?

... Or correct, or winsorize, or use a different statistical technique, or ...
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Researcher Degrees of Freedom
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Related

A10

AT
A12

D7

D1
D1
D2

T

Type of degrees of freedom

Conducting explorative research without any hypothesis
Studying a vague hypothesis that fails to specify the direction of the effect

Creating multiple manipulated independent variables and conditions

Measuring additional variables that can later be selected as covariates, independent variables, mediators, or moderators

Measuring the same dependent variable in several alternative ways

Measuring additional constructs that could potentially act as primary outcomes

Measuring additional variables that enable later exclusion of participants from the analyses (e.g., awareness or manipulation checks)
Failing to conduct a well-founded power analysis

Failing to specify the sampling plan and allowing for running (multiple) small studies

Failing to randomly assign participants to conditions

Insufficient blinding of participants and/or experimenters

Correcting, coding, or discarding data during data collection in a non-blinded manner

Determining the data collection stopping rule on the basis of desired results or intermediate significance testing

Choosing between different options of dealing with incomplete or missing data on ad hoc grounds

Specifying pre-processing of data (e.g., cleaning, normalization, smoothing, motion correction) in an ad hoc manner
Deciding how to deal with violations of statistical assumptions in an ad hoc manner

Deciding on how to deal with outliers in an ad hoc manner

Selecting the dependent variable out of several alternative measures of the same construct

Trying out different ways to score the chosen primary dependent variable

Selecting another construct as the primary outcome

Selecting independent variables out of a set of manipulated independent variables

Operationalizing manipulated independent variables in different ways (e.g., by discarding or combining levels of factors)
Choosing to include different measured variables as covariates, independent variables, mediators, or moderators
Operationalizing non-manipulated independent variables in different ways

Using alternative inciusion and exclusion criteria got selecting participants in analyses

Choosing between different statistical models

Chaoosing the estimation method, software package, and computation of SEs

Chaosing inference criteria (e.g., Bayes factors, alpha level, sidedness of the test, corrections for multiple testing)

Failing to assure reproducibility (verifying the data collection and data analysis)

Failing to enable replication (re-running of the study)

Faifing to mention, misrepresenting, or misidentifying the study preregistration

Failing to report so-called “failed studies” that were originally deemed relevant to the research question
Misreporting results and p-values

Presenting exploratory analyses as confirmatory (HARKing)

Wicherts et al. (2016)



Researcher Degrees of Freedom

» Choosing between different options of dealing with incomplete or missing data on ad hoc grounds

» Specifying pre-processing of data (e.g., cleaning, normalization, smoothing, motion correction) in an ad hoc manner
« Deciding how to deal with violations of statistical assumptions in an ad hoc manner

« Deciding on how to deal with outliers in an ad hoc manner

» Selecting the dependent variable out of several alternative measures of the same construct

« Trying out different ways to score the chosen primary dependent variable

« Selecting another construct as the primary outcome

« Selecting independent variables out of a set of manipulated independent variables

. 1g)perat;onalizing manipulated independent variables in different ways (e.g., by discarding or combining levels of
actors

« Choosing to include different measured variables as covariates, independent variables, mediators, or moderators
« Operationalizing non-manipulated independent variables in different ways

« Using alternative inclusion and exclusion criteria got selecting participants in analyses

« Choosing between different statistical models

» Choosing the estimation method, software package, and computation of SEs

» Choosing inference criteria (e.g., Bayes factors, alpha level, sidedness of the test, corrections for multiple testing)
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Garden of forking paths
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Garden of forking paths

d=.12,p=.702

d=.39, p=.053
‘ d=.62, p=.002
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a®a | d=.29, p=.145
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Garden of forking paths
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Questionable Research Practices

John et al. (2012)

| have at least once.... (self admittance rate)
 Failing to report all of a study’s dependent measures (63.4%)
« Deciding whether to collect more data after looking to see whether the

results were significant (55.9%)
 Failing to report all of a study’s conditions (27.7%)
» Stopping collecting data if the result is already significant (15.6%)
« ‘Rounding off’ a p value (e.g. p =.054, report p <.05) (22.0%)
« Selectively reporting studies that ‘worked’ (45.8%)

» Deciding whether to exclude data after looking at the impact of doing so  (38.2%)
« Reporting an unexpected finding as having been predicted from the start (27.0%)
L 4
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Simmons, Nelson, and Simonsohn (2011)

Listening to The Beatles makes you younger:

l_‘_.l
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Increase In Type | error rate

Type | error: incorrect rejection of a true null hypothesis.

Table I. Likelihood of Obtaining a False-Positive Result

Significance level
Researcher degrees of freedom p=.l p=<05 p=<.0I
Situation A two dependent variables (r = .50) 17.8% 9.5% 2.2%
Situation B: addidon of 10 more observations 14.5% T.7% .6%
per cell
Situation C: controlling for gender or Interaction 21.6% 1.7% 2.T%
of gander with treatment
Situation D: dropping (or not dropping) one of 23.2% 12.6% 2.8%
three conditions
Combine Situations A and B 26.0% I4.4% 33%
Combine Situations A, B.and C 50.9% 30.9% B.4%
Combine Situations A, B, C.and D 81.5% 60.7% 21.5%
L) M u
TILBURG oj;%%fo UNIVERSITY 11
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Many published null results

« Too many positive findings
 Failure to replicate

nature International weekly journal of science

Home ’ ’ Research ‘ Careers & Jobs ‘ Current Issue ‘ Archive ’ Audio & Video ‘ For

NATURE | NEWS < =

Over half of psychology studies fail reproducibility
test

Largest replication study to date casts doubt on many published positive results.

Monya Baker

27 August 2015

\ Rights & Permissions

Don't trust everything you read in the psychology

A literature analysis across disciplines reveals a tendency to publish
only ‘positive’ studies — those that support the tested hypothesis.
Psychiatry and psychology are the worst offenders.

@ PivscL @ BioweicAL @ SOCIL

Space sciences

Geosciences
Environment/Ecology

Plant and animal sciences
Computer science

Physics

Neuroscience and behaviour
Microbiology

Chemistry

Social sciences

Immunology

Molecular biology and genetics
Economics and business
Biology and biochemistry
Clinical medicine
Pharmacology and toxicology
Materials science
Psychiatry/psychology

0%  60%  70%  80%  90%
Proportion of papers supporting )
tested hypothesis Fanelli,2010,



Solutions

* Preregistration: specifying your research plan in advance of your study
and submitting it to a registry

 Clear distinction between two modes of research:
» Confirmatory testing (data is collected to test predictions)
* Prediction

» Exploratory analysis (data is used to generate predictions that could be tested in the
future)

» Postdiction

. PREREGISTERED

| | . |
TILBURG ¢ j%% ¢ UNIVERSITY
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Register your choices
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Registered Reports

* Registered reports
« Submit pre-registration to journal for review: introduction and method section
» Receive ‘in principle acceptance’

« Submit paper: results and discussion reviewed for correspondence with original
introduction and method

» Benefits:
* No incentive for significant results

» Reviewers can contribute to improving methods

DEVELOP COLLECT & WRITE PUBLISH
IDEA ANALYZE

ST REPORT REPORT

Stage 1 Stage 2
4 Peer Review Peer Review

| | . |
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Different formats

» Overview on: https://osf.io/zab38/wiki/home/

» OSF prereg Most extensive template

» As predicted Only 8 questions

* Open ended Snapshot of current project with time stamp
» Replication recipe For replication studies

» Qualitative research Haven & Van Grootel, ...

« Secondary Data Van den Akker et al. (2019)

» Cognitive Modeling Cruwell & Evans (2019)

 fMRI Flannery (2018)

l_‘_.l
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https://osf.io/zab38/wiki/home/

From theory to practice

* Preregistration

* The number of preregistrations at OSF has approximately
doubled yearly with 38 in 2012 to 36,675 by the end of 2019

o PREREGISTERED
» Preregistration badges

75 journals award badges PREREGISTER

Il

* Registered reports

» Over 300 journals offer this format

3” PREREGISTRATION
@s® CHALLENGE

TILBURG ¢ j%% ¢ UNIVERSITY
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... and to Research

* Do preregistered studies prevent the opportunistic use of researcher
degrees of freedom?

« Comparison of Prereg Challenge Registrations (extensive guidelines) with Standard
Pre-Data Collection Registrations (almost no guidelines)

» Are they specific, precise, and exhaustive

 Results:

* Prereg Challenge Registrations prevent more opportunistic use of researcher
degrees of freedom.

» However, still room for the opportunistic use of researcher degrees of freedom.
» For example: often number of hypotheses was not clear.

|| ‘ ]
TILBURG ¢ j%% ¢ UNIVERSITY Bakker et al. 2020 18
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... and to Research

A
30
.57
=
[
Y20
iy
|
=
2 151 .-
% -
= "
o
ﬁ 13 7 :'.'
]
0.5 1 -
Heirene et al. (2021)
LR By

l_‘. L
TILBURG ¢ %?ﬁi ¢ UNIVERSITY
l-\‘;’rl




Research: adherence to preregistered plans

Claesen, A., Gomes, S. L. B. T., Tuerlinckx, F., & vanpaemel, w. (2019, May 9). Preregistration:
Comparing Dream to Reality. https://doi.org/10.31234/osf.io/d8wex

Did not meet accessibility.
Did not meet minimal detail.
Undisclosed deviation(s).

All deviations disclosed .

No deviations.

Figure 1. Assessment on preregistration level. Each cell represents one preregistration plan.
None of the plans was adhered to without deviations.

l_‘_.l
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* Preregistration: specifying your research plan in advance of your study
and submitting it to a registry

* Multiverse analysis: check all paths

l_‘_.l
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... check all paths!
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Multiverse analysis

« Sensitivity analysis
* Only a few choices are tested independently
* E.g., with and without outlier removal

« Specification Curve (Simonsohn, Simmons, & Nelson, 2019)
» Focus on graphical display of results

* Multiverse analysis (Steegen, Tuerlinckx, Gelman, & Vanpaemel, 2016)

l_‘_.l
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* Preregistration: specifying your research plan in advance of your study
and submitting it to a registry

« Multiverse analysis: check all paths

« Be transparent about all the paths you went on
» Open lab notebooks

*

| | . |
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Errors

« Humans make errors

l_‘. L
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Reporting of Statistical Results

Simple effects analy-
ses within each of the two levels of valence
were conducted, revealing a significant main
effect of subtype upon the proportion of posi-

s Wopfs falsely recalled, F (2, 65) = 3.02,

.S

@ www.ClipProject.info
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Occurrence of errors

 Half of the papers showed an error

* 1in 8 showed a gross error (an error that affected the statistical
conclusion

(Bakker & Wicherts, 2011)

l_‘. L
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Reporting Errors in Other Fields

« Garcia-Berthou & Alcaraz (2004)

* Nature and Britisch Medical Journal
* 38% and 25% of the articles contained at least one error.

« Berle and Starcevic (2007)

* Two psychiatry journals
* 36% of the articles contained at least one error

l_‘_.l
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Reporting Errors

St a tC h - C k « Half of the papers in psychology

contain at least one inconsistent

(Epskamp & Nuijten, 2014)
p-value

* In 1 in 8 papers, this may have
affected the conclusion

Reported p < .05 and computed
p > .05, or vice versa

(Nuijten et al., 2016)

*

| | . |
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Questionable Research Practices

John et al. (2012)

| have at least once.... (self admittance rate)
 Failing to report all of a study’s dependent measures (63.4%)
« Deciding whether to collect more data after looking to see whether the

results were significant (55.9%)
 Failing to report all of a study’s conditions (27.7%)
» Stopping collecting data if the result is already significant (15.6%)
 ‘Rounding off’ a p value (e.g. p =.054, report p <.05) (22.0%)
« Selectively reporting studies that ‘worked’ (45.8%)

» Deciding whether to exclude data after looking at the impact of doing so  (38.2%)
« Reporting an unexpected finding as having been predicted from the start (27.0%)
L 4
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Preventing reporting errors

Home

http://statcheck.io statch=ck

A “spellchecker” for

. . statcheck on the web
statistics
. To check a PDF, DOCX or HTML file for errors in statistical reporting, upload it below.
(E pS kam p & N u |Jte n, 2 O 14) More information on this program is available here.

(Currently in beta - please tell Sean about any errors!)

« > 28,800 visits since its s s e
launch in Sept. 2016

[ Try to identify and correct for one-tailed
tests?

* Used in the peer review
process of PS & JESP

‘ statcheck by Sacha Epskamp and Michéle B. Nuijten // web implementation by Sean C. Rife

| | . |
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http://statcheck.io/

Using statcheck

To check your own papers before submitting

To help peer review

To do meta-research

As a first robustness check

Upload files (pdf, html, or docx):

Browse... Bakker Wicherts 2011.pdf

& Download Results (csv)

(] Try to identify and correct for one-tailed
tests?
Show entries Search:
Source Statistical Reference Computed p Value Consistency
1 Bakker Wicherts 2011 t(15)= 2.3, p = .033 0.03622 Consistent
2 Bakker Wicherts 2011 Z=6.38, p <.001 0.00000 Consistent
' <) Bakker Wicherts 2011 Z2=2.70, p =.007 0.00693 Consistent

| | . |
TILBURG ¢ j%% ¢ UNIVERSITY
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Preventing reporting errors

% grossly inconsistent p-values that can change the conclusion
statch=ck

1.6% 1.6%

1.5+

Percentage
o

0.5+

0.0+

2005 2010 2015
Year Published

*
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To conclude

« Many researcher degrees of freedom exist
» Preregister your study
* Do a multiverse analysis
* Be extremely transparent about all the research decisions that you made on the way

e |t Is easy to make errors
» Use statcheck!

l_‘_.l
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