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Only Human: Scientists, Systems, and Suspect
Statistics

A review of: Improving Scientific Practice: Dealing With The Human
Factors, University of Amsterdam, Amsterdam, September 11, 2014

Tom E. Hardwicke’, Leila Jameel’, Matthew Jones’, Eryk J. Walczak®
and Lucia Magis-Weinberg®

It is becoming increasingly clear that science has sailed into troubled waters, Recent
revelations about cases of serious research fraud and widespread ‘questionable research
practices’ have initiated a period of critical self-reflection in the scientific community
and there is growing concern that several common research practices fall far short of
the principles of robust scientific inquiry. At a recent symposium, ‘Improving Scientific
Practice: Dealing with the Human Factors’ held at The University of Amsterdam, the
notion of the objective, infallible, and dispassionate scientist was firmly challenged.
The symposium was guided by the acknowledgement that scientists are only human,
and thus subject to the desires, needs, biases, and limitations inherent to the human
condition. In this article, five post-graduate students from University College London
describe the issues addressed at the symposium and evaluate proposed solutions to
the scientific integrity crisis.




Talk Overview

* Problems with everyday research practices in
psychology and cognitive neuroscience

 How study pre-registration can help, including
details of the Registered Reports format and

examples

* Response to FAQs and criticisms



QUESTIONS

In the interests of doing good science, which part of a
research study should be beyond your control?

The results

In the interests of advancing your career, which part of a research
study is most important for publishing in ‘top journals’?

The results

Could this be why aliens fly right by ?



Science has an incentive problem

What’s best for

) What’s best for
science

scientists

Transparent and high
quality research,
regardless of outcome

Producing a lot of
“good results”

see Nosek, Spies & Motyl (2012). Perspectives on Psychological Science, 7(6): 615631



What is a “good result”?

“novel”

“striking”

“clear”

“...found a significant effect”
“worked”

“results show convincingly...”
“major advance”
“definitive”

“beautiful”

“breakthrough”

“high impact”



What happens when researchers are
pressured to get “good results”?

Publication bias — suppression
of negative or complex findings

Significance chasing — “p-
hacking”, selective reporting

HARKing — hypothesizing after
results are known

Lack of data sharing — no
time, too hard, no incentive

Low statistical power -
i quantity of papers over quality

Lack of replication —seen as
boring, lacking in intellectual
prowess




Hypothetico-deductive
scientific method

Generate
Publish or conduct and specify
next experiment hypotheses
Interpret Design study
data
Analyse data & Collect data

test hypotheses



Hypothetico-deductive

~92% positive

ag=li2050) scientific method
Publication bias
Lack of data sharing n t Lack of
enerate I I
Publish or cpnduct and specify repllcatlon
~70% failure mextgexpefinent hypotheses In psychology: 1

of 100 papers
Makel et al (2012)

Wicherts et al (2006)

~50-90% prevalence
Interpret John et al (2012)

data Kerr (1998) Design study

Low statistical
power

~50% chance to detect

medium effects

Cohen (1962); Sedimeier and
Gigerenzer (1989); Bezeau
and Graves (2001)

Significance chasing

~50-100% prevalence
John et al (2012)

Analyse data &
test hypotheses < > Collect data




Why is this happening?

Because we place too much importance on the results of
experiments and not enough on the processes that produce them

Results make science exciting but judging the quality of science
(and scientists) according to the results condemns us to being

a “soft” science



Can we fix this? Yes

Philosophy:

What gives hypothesis-testing its scientific value is:
* the QUESTION it asks

* the QUALITY of the method it uses

* not the RESULT it produces

If we accept this philosophy then editorial decisions at
journals should be blind to results
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Editorial
Registered Reports: A new publishing initiative
at Cortex

Christopher D. Chambers

Cardyff University Brain Research Imaging Centre (CUBRIC), School of Psychology, Cardiff University, United Kingdom

Four central aspects of the Registered Reports model:

* Researchers decide hypotheses, experimental procedures, and main
analyses before data collection

* Part of the peer review process takes place before experiments are
conducted

* Passing this stage of review virtually guarantees publication

e Original studies and high-value replications are welcome



How it works

Authors submit STAGE 1 manuscript with

Introduction, Proposed Methods &
Analyses, and Pilot Data (if applicable)

5/33 reject; 70% reject & Are the hypotheses well founded?

invite to resubmit

Are the methods and proposed

Editorial triage review analyses feasible and sufficiently

detailed?
l Is the study well powered? (290%)
Stage 1 peer review Have the authors included sufficient
218 reject positive controls to confirm that the

11 awarded IPA study will provide a fair test?

If reviews are positive then journal
offers in-principle acceptance (IPA),

regardless of study outcome
(protocol not published yet)




How it works

Authors do the research

Authors resubmit completed STAGE 2 manuscript:
Introduction and Methods (virtually unchanged)
Results (new): Registered confirmatory analyses
+ unregistered exploratory analyses
Discussion (new)

Data deposited in a public archive

. Did the authors follow the
Stage 2 peer review
approved protocol?

Did positive controls succeed?

Are the conclusions justified by

: >
& pulalsnge Manuscript published! 2 Bl




None of these things matter




What does matter

THE
HYPOTHESES
ARE CLEAR

THE

METHOD IS
SOUND

THE STUDY
IS POWERED

THE
QUALITY OF

THE DATA IS
GOOD




Two examples of published register
reports
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The effects of AMPA blockade on the spectral
profile of human early visual cortex recordings
studied with non-invasive MEG

Suresh D. Muthukumaraswamy “", Bethany Routley ¢, Wouter Droog °,
Krish D. Singh © and Khalid Hamandi ~°

& School of Pharmacy, Auckland University, Auckland, New Zealand

® School of Psychology, Auckland University, Auckland, New Zealand

€ CUBRIC, School of Psychology, Cardiff, United Kingdom

4 Utrecht University, Utrecht, The Netherlands

€ The Epilepsy Unit, University Hospital of Wales, Cardiff, United Kingdom

ARTICLE INFO

ABSTRACT

Article history:

Received 1 September 2015
Reviewed 16 October 2015

Revised 26 November 2015
Accepted 2 March 2016

Action editor Pia Rotshtein

Protocol Received 30 July 2013.
Protocol Accepted 02 December 2013
Published online xxx

Keywords:

MEG

Visual cortex
Gamma oscillations
AMPA receptors
Perampanel

The generation of gamma-band (>30 Hz) cortical activity is thought to depend on the
reciprocal connections of excitatory glutamatergic principal cells with inhibitory
GABAergic interneurons. Both in vitro and in vivo animal studies have shown that blockade
of glutamatergic a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors
reduces the amplitude of gamma-band activity. In this registered report, we hypothesised
that similar effects would be observed in humans following administration of perampanel,
a first in class AMPA antagonist, used in the treatment of epilepsy. In a single-blind pla-
cebo-controlled crossover study, 20 healthy male participants completed two study days.
On one day participants were given a 6 mg dose of perampanel and on the other an inactive
placebo. magnetoencephalography (MEG) recordings of brain activity were taken before
and two hours after drug administration, with activity in the visual cortex probed using a
stimulation protocol known to induce gamma-band activity in the primary visual cortex.
As hypothesised, our results indicated a decrease in gamma-band amplitudes following
perampanel administration. The decreases in gamma-band amplitudes observed were
temporally restricted to the early time-period of stimulus presentation (up to 400 msec)
with no significant effects observed on early evoked responses or alpha rhythms. This
suggests that the early time-window of induced visual gamma-band activity, thought to
reflect input to the visual cortex from the lateral geniculate nucleus, is most sensitive to
AMPA blocking drugs.

© 2016 Elsevier Ltd. All rights reserved.




What we learned?

« |t was a "high risk & costly” study involving drug
intervention and MEG

& The theoretical question was straight forward:

& Are gamma bands oscillation associated with
glutamatergic principal cells

& Issues: how much drug to give? What should be
the outcome neutral criteria?

& Reviewer was not happy with the results
(suggesting non registered analyses)
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Role of features and categories in the organization @CwssMark
of object knowledge: Evidence from adaptation
fMRI

Jingyi Geng and Tatiana T. Schnur”

Department of Psychology, Rice University, Houston, TX, USA

ARTICLE INFO ABSTRACT

Article history: There are two general views regarding the organization of object knowledge. The feature-
Protocol Received 17 February 2014 based view assumes that object knowledge is grounded in a widely distributed neural
Protocol Accepted 21 October 2014 network in terms of sensory/function features (e.g., Warrington & Shallice, 1984), while the
Received 5 May 2015 category-based view assumes in addition that object knowledge is organized by taxonomic
Reviewed 13 July 2015 and thematic categories (e.g., Schwartz et al., 2011). Using a functional magnetic resonance
Revised 11 December 2015 imaging (fMRI) adaptation paradigm, we compared predictions from the feature- and
Accepted 5 January 2016 category-based views by examining the neural substrates recruited as subjects read word
Action editor Pia Rotshtein pairs that were identical, taxonomically related, thematically related or unrelated while
Published online 27 February 2016 controlling for the function features involved across the two categories. We improved upon
previous study designs and employed an fMRI adaptation task, obtaining results overall
Keywords: consistent with both the category-based and feature-based views. Consistent with the
Taxonomic category category-based view, we observed for both hypothesized regions of interest (ROI) and
Thematic category exploratory (whole-brain analyses) reduced activity in the left anterior temporal lobe (ATL)

Features for taxonomically related versus unrelated word pairs, and for the exploratory analysis
The organization of object only, reduced activity in the right ATL. In addition, the exploratory analyses revealed
knowledge reduced activity in the left temporo-parietal junction (TPJ) for thematically related versus
unrelated word pairs. Consistent with the feature-based view, we found in the exploratory
analyses that activity reduced in the bilateral precentral gyri (i.e., function regions)
including part of premotor cortex as the function relatedness ratings increased. However,
we did not find a relationship between adaptation effects in the bilateral ATLs and left TPJ
and corresponding ratings of taxonomic/thematic relationships suggesting that the
adaptation effects may potentially not reflect aspects of taxonomy that have been tradi-
tionally assumed. Together, our findings indicate that both feature and category infor-
mation are important for the organization of object knowledge although the exact nature
of those organization principles is an important question for future research.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).




What we learned?

& The theoretical question was complex:

& Feature vs. category based organization within two
regions of interest anterior temporal, temporal-parietal
junction

# Issues: how to define region of interest
& How specific the hypothesis need to be

« What would be a neutral-outcome to assess data
quality

& Not ignoring null results
& How to report results from whole brain analysis

22



FAQ



* Applicable to any area engaged in deductive, hypothesis-driven research where
one or more of the following problems apply:

* Publication bias

* Significance chasing

* HARKing — “hypothesizing after results are known”
* Low statistical power

e Lack of direct replication

* Lack of data sharing

24



Time-stamped raw data files must be submitted at Stage 2 with basic lab log and
certification from all authors that data was collected after provisional acceptance

Submitting a completed study at Stage 1 would therefore be fraud
Strategy would backfire anyway when reviewers ask for protocol amendments

Registered Reports aren’t designed to prevent fraud but to incentivize good practice



Time-stamped raw data files must be submitted at Stage 2 with basic lab log and
certification from all authors that data was collected after provisional acceptance

Submitting a completed study at Stage 1 would therefore be fraud
Strategy would backfire anyway when reviewers ask for protocol amendments

Registered Reports aren’t designed to prevent fraud but to incentivize good practice

a priori power requirements (290%) increase reproducibility of all findings

Bayesian methods welcomed (B<0.33 or B>3 for substantial evidence). A
specialist Bayes editor has been appointed at Cortex (Zoltan Dienes)



* Time-stamped raw data files must be submitted at Stage 2 with basic lab log and
certification from all authors that data was collected after provisional acceptance

e Submitting a completed study at Stage 1 would therefore be fraud
e Strategy would backfire anyway when reviewers ask for protocol amendments

* Registered Reports aren’t designed to prevent fraud but to incentivize good practice

* qa priori power requirements (290%) increase reproducibility of all findings

* Bayesian methods welcomed (B<0.33 or B>3 for substantial evidence). A
specialist Bayes editor has been appointed at Cortex (Zoltan Dienes)

* The are no restrictions on the reporting of unregistered exploratory analyses.

* Confirmatory and exploratory analyses will simply be labeled correctly



* It’s a similar amount of work, just done at a different time — and provisional acceptance
virtually guarantees a publication, without the pressure to obtain “good results”



* It’s a similar amount of work, just done at a different time — and provisional acceptance
virtually guarantees a publication, without the pressure to obtain “good results”

* Not necessary. RRs could reduce sequential submission of manuscripts ‘down the chain’
of journals
* RR does requires in depth review of prospective methods and theoretical grounding.



* It’s a similar amount of work, just done at a different time — and provisional acceptance
virtually guarantees a publication, without the pressure to obtain “good results”

* Not necessary. RRs could reduce sequential submission of manuscripts ‘down the chain’
of journals

* RR does requires in depth review of prospective methods and theoretical grounding.

* Only a handful of people know about each Stage 1 submission

* Once protocol is accepted, the journal can’t reject your paper because something
similar was published (novelty is irrelevant)

* Manuscript received date on published RR will be the date of Stage 1 submission

 How different from grant applications, conference presentations, seminars?



* No, but it gives peace of mind to authors that their papers won’t be rejected because
of negative findings, perceived novelty / importance of outcomes. No file drawer
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* No, but it gives peace of mind to authors that their papers won’t be rejected because
of negative findings, perceived novelty / importance of outcomes. No file drawer

* Nothing. In that case the journal will simply publish a Withdrawn Registration, which
will include the abstract and a brief explanation for the withdrawal of the paper
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* No, but it gives peace of mind to authors that their papers won’t be rejected because
of negative findings, perceived novelty / importance of outcomes. No file drawer

* Nothing. In that case the journal will simply publish a Withdrawn Registration, which
will include the abstract and a brief explanation for the withdrawal of the paper

* Usually there is at least some literature. But even if not, a minimal effect size of
theoretical interest can be specified

* If minimal effect size is uncertain, options are an orthodox statistical approach with
corrected peeking (Strube et al., 2006, Beh Res Meth, 38, 24-27) or Bayesian methods

to specify distribution of possible effect sizes .

* Pilot results to establish effect size are welcomed in Stage 1 submissions



* Authors must include outcome-neutral conditions for ensuring that the
experiments are capable of testing the stated hypotheses (e.g. positive controls,
manipulation checks)



* Authors must include outcome-neutral conditions for ensuring that the
experiments are capable of testing the stated hypotheses (e.g. positive controls,
manipulation checks)

* Running the study carelessly would also derail the outcome-neutral tests that are
necessary for final acceptance



e Authors must include outcome-neutral conditions for ensuring that the
experiments are capable of testing the stated hypotheses (e.g. positive controls,
manipulation checks)

* Running the study carelessly would also derail the outcome-neutral tests that are
necessary for final acceptance

Minor changes (e.g. replacing equipment) can be footnoted in Stage 2 manuscript as
protocol deviations

Major changes (e.g. changing exclusion criteria) require withdrawal and resubmission

Editorial team decides whether deviation is sufficiently minor to continue



* Pre-registration doesn’t require each decision to be specified, only the decision tree

* Authors can pre-register the contingencies / rules for future decisions



* Pre-registration doesn’t require each decision to be specified, only the decision tree
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* Pre-registration doesn’t require each decision to be specified, only the decision tree
* Authors can pre-register the contingencies / rules for future decisions

* Not at Cortex, but other journals are allowing this...

* No, what denigrates exploratory research is HARKing: presenting exploration as
confirmation (shoehorning Kuhn into Popper)
* Exploratory analyses are welcome to be reported, but under an explicit heading.

* Exploratory research is simply not valued in its native form, so lets start doing so!



17. “How will Registered Reports incentivize replication studies?”

* Conspiracy of circumstances tells us not to bother doing direct
(exact) replications
* Method sections are often too vague to allow precise replication

e Chronic lack of power in novel research means that replications often
require very large samples sizes

* Attempting to exactly repeat a previous experiment can be seen (in
psychology) as an act of aggression (cf. physics)

* Most psych/neuro journals want novelty and see replications as (usually)
unpublishable

* RRs: have proposed replication experiment reviewed and
provisionally accepted before you invest substantial resources
into doing it; potentially involve original authors in peer review

of the protocol
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Google “registered reports” — top hit




Thank you for listening




