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Challenges to Empirical Science

The introduction of randomized trials vastly improved medical science
Randomized trials became the “gold standard” of evidence

But just doing randomized trials alone does not guarantee sound and
cumulative science

Medical science has slowly been confronting its own crisis in empirical
work

The smart money says education and the social sciences will confront
the same challenges

But we can benefit from what medicine has learned
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Summary

There Is increasing concern that most
current published research findings are
false. The probability that a research claim
is true may depend on study power and
bias, the number of other studies on the
same question, and, importantly, the ratio
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
is less likely to be true when the studies
conducted in a field are smaller; when
effect sizes are smaller;when there isa
greater number and lesser preselection
of tested relationships; where there is
greater flexibility in designs, definitions,
outcomes, and analytical modes; when
there is greater financial and other
interest and prejudice; and when more
teams are imvolved in a scientific field
in chase of statistical significance.
Simulations show that for most study
designs and sattings, it is more likely for
a research claim to be false than true.
Maoreover, for many current scientific
fields, claimed research findings may
often be simply accurate measures of the
prevailing bias. In this essay, | discuss the
implications of these problems for the
conduct and interpretation of research.

factors that influence this problem and

some corollaries thereof.

Modeling the Framework for False
Positive Findings

Several methodologists have

pointed out [9-11) that the high

rate of nonreplication {lack of
confirmation) of research discoveries
is a consequence of the convenient,
vet illfounded strategy of claiming
conclusive research findings solely on
the basis of a single study assessed by
formal statistical significance, typically
for a fevalue less than 0.05. Research
is not mast appropriately represented
and summarized by pvalues, but,
unfortunately, there is a widespread
notion that medical research anticles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
frvalues. Research findings are defined
here as any relationship reaching
formal statistical significance, e.g.,
cffective interventions, informative
predictors, risk factors, or associations.
“Negative” research is also very useful.

is characteristic of the field and can
vary a lot depending on whether the
field argets highly likely relationships
or searches for only one or a few

true relationships among thousands
and millions of hypotheses that may

be postulated. Let us also consider,

for computational simplicity,
drcumscribed fields where either there
is only one true relationship (among
many that can be hypothesized) or

the power is similar to find any of the
several existing true relationships. The
prestudy probability of a relationship
being true is f/( + 1). The probability
of a study finding a true relationship
reflects the power 1 - B (one minus
the Type II error rate). The probability
of claiming a relationship when none
truly exists reflects the Type [error
rate, (& Assuming that ¢ relationships
are being probed in the ficld, the
expected values of the 2 « 2 @ble are
given in Table 1. After a research
finding has been claimed based on
achieving formal statistical significance,
the post-study probability that it is true
is the positive predictive value, PFV.
The PPV is also the complementary
probability of what Wacholder et al.
have called the false positive report
probability [10]. According to the 2
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The Crisis in Medical Research

Anomalies have occurred that bring the scientific process into question

Contradicted and initially stronger effects in highly cited clinical
research (loannidis, 2005)

Of 49 highly cited original clinical research studies, 45 claimed
that the intervention was effective. Of these, 7 (16%) were
contradicted by subsequent studies, 7 others (16%) had found
effects that were stronger than those of subsequent studies, 20
(44%) were replicated, and 11 (24%) remained largely
unchallenged. Five of 6 highly-cited nonrandomized studies
had been contradicted or had found stronger effects vs 9 of 39
randomized controlled trials (p = .008).



Replication Problems in medicine are not
limited to published clinical trials!



Nearly 2/3 of 67 in-house Projects Could Not Replicate
Published Data

(Silberberg, Nature Drug Discovery, 2011, 10, 712-713)

Believe it or not: how much can we
rely on published data on potential

drug targets? > (7%)

Prinz, Schlange and Asadullah

Bayer HealthCare
14 (21%)

2 (3%)

Nature Reviews Drug Discovery

2011; 10:712-713 B Inconsistencies

[ Not applicable
[ ] Literature data are in line with in-house data

B Main data set was reproducible
B Some results were reproducible




How Frequent are Failures to Replicate

in Preclinical Studies?
(Perrin, Nature, 2014, 507, 423-425)

DUE DILIGENCE, OVERDUE

Results of rigorous animal tests by the Amyotrophic Lateral Sclerosis Therapy Development Institute (ALS TDI)
are less promising than those published. All these compounds have disappointed in human testing.

Riluzole* ' E
. M Publishedt

Creatine . ALS TDI

Celebrex
Thalidomide
Ceftriaxone :
Lithium

Minocycline
Sodium
phenylbutyrate :

Dexpramipexole

5 0 5 0 15 20 25 30 35 40
Change in survival observed in mouse study (%)

*Although nluzole is the only drug currently approved by the US Food and Drug Administration for ALS, our work showed no survival benefit.
TReferences for published studies can be found in supplementary information at go.nature.com/hf4jfé.
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Problems with scientific research

How science goes wrong
Scientific research has changed the world. Now it needs to change itself

Oct 19th 2013 | From the print edition Fllike - 13k| | W Tweet < 1,017

A SIMPLE idea underpins science: “trust, but verify”. Results should always be subject to
challenge from experiment. That simple but powerful idea has generated a vast body of
knowledge. Since its birth in the 17th century, modern science has changed the world
beyond recognition, and overwhelmingly for the better.

But success can breed complacency. Modern scientists are doing too much trusting and
not enough verifying—to the detriment of the whole of science, and of humanity.

The
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Unreliable research

Trouble at the lab

Scientists like to think of science as self-correcting. To an alarming degree, it is not
Oct 19th 2013 | From the print edition Fllike 11k W Tweet <1237

L8 /ason Ford

‘I SEE a train wreck looming,” warned Daniel Kahneman, an eminent psychologist, in an
open letter last year. The premonition concerned research on a phenomenon known as
‘priming”. Priming studies suggest that decisions can be influenced by apparently irrelevant
actions or events that took place just before the cusp of choice. They have been a boom
area in psychology over the past decade, and some of their insights have already made it
out of the lab and into the toolkits of policy wonks keen on “nudging” the populace.

Dr Kahneman and a growing number of his colleagues fear that a lot of this priming




Baker (2016) in Nature

7%

Don’t know

3%

No, there is no crisis

IS THERE A

REPRODUCIBILITY
GRISIS?

A Nature survey lifts the lid on
how researchers view the ‘crisis’
rocking science and what they

think will help.

BY MONYA BAKER

529,
Yes, a significant
crisis

389,
Yes, a slight
crisis

RESEARCHéRS SURVEYED
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HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.
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The Crisis in Medical Research

How could loannidis get these results?

There are many things that can influence validity of research findings:
Selection issues, multiplicity issues, p-hacking

We have begun to realize that to think about scientific process in terms
of ensembles of studies (Fisher would not have been surprised, he
emphasized robust replication in scientific process)

NIH, NSF, and increasingly, IES, are worried about this
So is the rest of the scientific community

We must learn from medicine (which is ahead of us on this)



NIH is Taking the Problem Seriously:
(from Nature, 2014, 505 1/14/2014)

NIH plans to enhance
reproducibility

Francis S. Collins and Lawrence A. Tabak discuss
initiatives that the US National Institutes of Health
1s exploring to restore the self-correcting nature of

preclinical research.

growing chorus of concern, from
scientists and laypeople, contends
that the complex system for ensuring

the reproducibility of biomedical research

is failing and is in need of restructuring'’.

shorter term, however, the checks and
balances that once ensured scientific fidelity
have been hobbled. This has compromised
the ability of today’s researchers to reproduce
others’ findings.
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Selection Issues

Outcomes of research studies are uncertain (that is why we
use statistical inference to understand them)

An observed result may be bigger or smaller than the true
effect of a treatment

If a study finds a particularly big effect (notable, likely to be
highly cited) it may be partly due to chance: A lucky break—it
is bigger than the true effect

A replications is not likely to be as lucky, hence it finds a
smaller effect (maybe even not statistically significant)



Multiplicity Issues

Expensive trials measure multiple outcomes (or look at multiple subgroups)

It makes sense to look at all of them
There is a tendency to report what is significant, as if it is the only outcome

If you multiple significance tests at the 5% level, the chance that at least one
(of several) comes out significant is greater than 5% —it may be much higher

than 5%
There are ways to adjust significance levels, but it is tricky

Less obvious is that multiplicity has effects on size of effects we estimate too



p-Hacking

Torture the data until it confesses
Otherwise known as p-hacking

Lots of different analyses are possible and they give slightly (or
substantially) different answers

It makes sense to try lots of analyses, but picking the one you like
because it gives the answer you want is not an appropriate way to
select an analysis

Of course it is hard to distinguish (even for yourself) what is a sensible
modification of an analysis plan and an opportunistic one



Rates of Questionable Research Practices
(from John, Loewenstein, & Prelec, 2012)
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Rates of Questionable Research Practices
(from Fiedler & Schwarz, 2015)

# Prevalence 2 B Prevalence 1
3 Repetition @ Admission
B John et al (2012)

Failing to report all dependent measures thar are redevamr for a
Simding

Collecting more data after seeing whether results were
significant in arder ro render nor-sipdicar resylo siprificers

Failing to report all conditions rkar are redevamr jfor a findirg

Stopping data collection after achieving the desired result
concerming O specific finding

Rounding off p values (e.g., reporting a p value of (05 as 05)

Selectively reporting studies reparding o specific inding that
“worked”

Deciding whether to exclude data after looking at the impact of
doing so reparding a specific finding

Claiming to have predicted an unexpected resul
Claiming that results are unaffected by demopraphic variables

(e.g., pender) alrbmeph one is actually unsure {or knows that
thew do)

Falsifiving data




The Problem

All of these research practices make the
scientific literature unreliable

They undermine the credibility of scientific
practice and the scientific knowledge base

This is serious!



Approaches to Solutions

Constraints on scientific practice

Protocols for studies that define methods to be used

Public Registration of protocols in advance

Reporting Standards that ensure transparency of research practice

All of these ideas are new in education, but increasingly important in
medicine

We will borrow from the SPIRIT guidelines for protocols and the
CONSORT standards for reporting trials



CONSORT and SPIRIT

Both CONSORT and SPIRIT have multiple parts
A checklist or guideline and flow diagram

One or more “explanations and elaborations” documents
that illustrate the use of the checklist or guideline

The explanations and elaborations documents are
intended to be used along with the reporting guidelines
to flesh out and illustrate concepts



Protocols



Protocols

A protocol is a detailed description of the methods that will be used in
a study

It is intended for public scrutiny
It is intended to be written before the study is undertaken

It may be modified, but the modifications and the reasons for them
should be part of amendments to the protocol that are also available
for public scrutiny

The idea is to constrain the methods that are used in eventual research
publications from trials and make them transparent



SPIRIT

The SPIRIT movement (like the CONSORT movement)
originated in medicine but has reached beyond it

SPIRIT stands for Standard Protocol Items: Recommendations
for Intervention Trials

They also have an extensive website
http://www.spirit-statement.org/

The items in the SPIRIT guidelines generally make sense for
education and provide guidance about what to put in a
protocol that is registered


http://www.spirit-statement.org/
http://www.spirit-statement.org/
http://www.spirit-statement.org/

SPIRIT

The SPIRIT statement has several pieces
A checklist giving key features to be reported
A figure to facilitate reporting

An explanation and elaborations document illustrating the use
of the SPIRIT checklist

You may think that a 35 item checklist and a figure are silly—
but this kind of standardization can dramatically improve the
transparency of reporting both protocols and results



Registration



Registration

Registration is the process of “publishing” the protocol so that it open
to public scrutiny

Protocols are published in special archives called registries (e.g.,
clinicaltrials.gov)

WWC currently has a kind of registry, which is being phased out

The Society for Research on Educational Effectiveness (SREE), with the
support of IES, has developed a registry of efficacy and effectiveness
studies (now housed at the University of Michigan’s ICPSR), see

https://sreereg.icpsr.umich.edu/sreereg/

Some day (hopefully soon), registration will be a requirement for
publication (as it is in many medical journals that publish clinical trials)


https://sreereg.icpsr.umich.edu/sreereg/

How Did Medicine Get Scientists to Register Trials?

The NEW ENGLAND JOURMNAL of MEDICINE

EDITORIALS

Clinical Trial Registration: A Statement from the International
Committee of Medical Journal Editors

Adrruism and rrustlie arthe hearrof research on hu-
man subjects. Alrruistic individuals volunteer for re-
search because they orust that their participadon will
contribute w improved health for others and that
researchers will minimize risks w participants. In
renumn for the aloruism and must that make clinical
research possible, the research enterprise has an ob-
ligation to conduct research ethically and to report
it honesdy. Honest reporing begins with revealing
the existence of all clinical studies, even those that
reflectunBvorably on a research sponsor’s product.

Unfortunately, selective reporting of trials does
occur, and it distorts the body of evide nce available
for clinical decision-making. Besearchers (and jour-
nal edivtors) are generally most enthusiastic about
the publication of rials that show either a large ef-
fect of 2 new weamment (positive trials) or equiva-
lence of two approaches o treamment (non-inferior-
ity trials). Researchers (and journals) typically are
less excited about trials that show that a new teeat-
mentis inferior o standard treatment (negative tri-
als) and even less interested in trials that are neither
clearly positive nor clearly negative, since inconclu-

cians, other researchers, and experts who write
practice guidelines or decide on insurance-coverage
policy. Ifall wials are registered in a public repository
attheir inception, every trial's existence is part ofthe
public record and the many stakeholders in elinical
research can explore the full range of clinical evi-
dence. We are Bir from this ideal at present, since
trial registeation is largely voluntary, regisoy data
sets and public access to them varies, and registries
contzinonlya small proportion of wials. Inthis edi-
torial, published simulta neously in all member jour-
nals, the Inter mational Commirtee of Medical Jour-
nal Editors (ICMJE) proposes comprehensive irials
registration as a solution to the problem of selective
awareness and announces that all eleven ICMJE
member journals will adopt a rials-registration pol-
icyto promote this goal.

The ICMJE member journals will require, as a
condition ofconside ration for publication, regisira-
tion in a public trials regisry. Trials mustregister at
or before the onset of patient enrollment This pol-
icy applies w any clinical trial starting enrollment
after July 1, 2005. For trials that began enrollment

Catherine De Angelis, M.D., M.P.H.
Editor-in-Chief, JAMA

Jeffrey M. Drazen, M.D.

Editar-in-Chief, New England journal of Medicine

Prof. Frank A. Frizelle, M.B., Ch.B., M.Med.5c,,
F.RA.CS

Editar, The N ew Zealond Medical fownal

Charlotte Haug, M.D., Ph.D., M.Sc.
Editar-in-Chief, Norwegion Medical journal

John Hoey, M.D.
Editor, CMAJ

Richard Horton, F.R.C.P.
Editor, The Lancs

Sheldon Kotzin, M.L.5.

Executive Editor, MEDLIME
Mational Library of Medicina

Christine Laine, M.C., M.P.H.
Senior Depufy Editor, Anmals of Trternal Medicng

Ana Marusic, M.D., Ph.D.
Editor, Crowtian Medical journal

A. John P.M. Overbeke, M.D., Ph.D.

Executive Editor, Nederlongs Tidschrilt voor Geneeskunde
{Duttch Journal of Medicine)

Torben V. Schroeder, M.D., D.M.5c.
Editor, fowmal af the Danish Medical Assodiation

Hal C. 5o, M.D.
Editor, Anmals of Intermal Medicing

Martin B. Van Der Weyden, M.D.
Editar, The Medical fowmal of Australio



Reporting Standards



CONSORT

The CONSORT movement originated in medicine but has
reached far beyond it

Consort stands for Consolidated Standards of Reporting Trials

They have an extensive website
http://www.consort-statement.org/

CONSORT started with standards for reporting individually
randomized trials but have extended their standards to
include cluster randomized trials and social and policy
interventions (about to be released)


http://www.consort-statement.org/
http://www.consort-statement.org/
http://www.consort-statement.org/

CONSORT Standards

Note that CONSORT has many materials:

A checklist for Abstracts

A general checklist for randomized trials

A flow diagram to help with reporting

An extension for cluster randomized trials

An extension for social and policy interventions (CONSORT SPI)

Elaboration and explanations documents explaining how to use the checklists



The Original CONSORT Flow Diagram
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The CONSORT SPI Flow Diagram
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The CONSORT SPI Checklist

St em § CDONSORT 2010 CONGCHT -5 2N 8
Tite and Atewact 1a dentification a5 a randomised trial in the die®
1o Structured summary of tal design, methods, eals, and e 1 CONSORT awtension for socal and
condhusions (for specific guidance, ses CONSORT for peychaiogical inenenton 1al abaracs
Arswacts)
ErOChCTIon
Background and rx] Scientific background and explanation of Etionae®
objEctives . s . .
- k] Spedific objecives of hypoheses pre-gpecilied, how e intervention was
rypothessed o work
Mo
Trial dle gy 3a pitican of trial design (such a3 paaliel, boonal if the it of random asignment is not he
chuding Alocaion @i nclivichual, plezse mdfer to COM ORT for
Clster Random sed Triaks §
30 mportant changss 1o methods after tal oomimencemeant
burh a5 eligihity oriteria), with reasons
Participant 42 ity criteda for panicipants® Wihen applicable, digibiity criteria for
settings and those delivedng the
nlenentions
ah Semings and locations whes the dita wer cdleced
e e NS 5 The interventions for each group with sufficient detals 1o
o replication, incdhuding how and wihen they were
actually administered®
Sa Extent 1o which intenentions wess aciually
delvered by providers and wlen up by
pamticipant as pamed
5 Wihere afher informational matenals sbout
delivering the inenvention can be accessed
Wihen applicable, how intervention prowvidens
wiare asgned © sach group
Ouicomes & Complely defined pre-specified cutcomes, inchuding how
an] e thay wes asesed
;4] Any changes totial outoomes afier e trial commened,
with 2 aons
Samge s Ta Horw sample S7e was determined®
i ‘When applicable, explanation of any intedm analyses and
Stopping guiddine
Ranclonis a8on
SEPUENCS Qe ST 8 Method sed 1 geneate the random alloration sequence
ah Type of randomisation and dewils of any resricion (such a5
blexching and biock sizel®
Alloxcation concaalment g Mechaniam wsed toimpement the @ndom allocation
mecharim sequence, describing any sters taken o conceal the
SEqUEnce Willl inenentons ware augred®
nnplemEntation v Who generated the @ndom alloration sequences, who enddled
parbcipants, and who assgned paniipants 1o interventions®
Awaenes of asgignment  Tla Who was aware of intervention assignment after allocaton for
example, participant, provides, those asesing oulromes),
and how any mading was done
1o if redevan, desoiption of he similariy of interentions
Analytical imethodds 122 Statistical methooks used 10 Com pam groud autcnmes® Hicw issing data wiere handied, with de gl
of any imputation meathod
12 Methods for addiional analyses, sudh a5 subdgoup analyses,

adpested analyses, and paoces evalations



The CONSORT SPI Checklist (continued)

Setion em 1 CONSORT 2010 COMNOHT 571 2018
W E
Participant flow (3 disgam 13 For each group, the numbers @ndomly Where podgible, e niember approached,
s sty Feconmended) asigned, recelving the ntended intenverntion, soreened, and eligible prior 1o random
and analysed for e cutcomes® angignment, with reasons for non-ensolment
13 For eadh growp, koases and exdusions after randomisation,
toxgether with reasons®
Fecastment 143 Dates defining the periods of mouitmen and bllow-un
14b Wy the rial ended of was stopped
Haseline data 15 A table showing haseline charactentics T aach gaoup® nchude socioeconomic varables where
applicatle
Mumibers analysed 16 For eadh growp, number indhuded in each analysis
and whether the analysis was by onginal assgned gioups®
Cuicoemes and estimaon 172 For each outcome, msults for each groun, and e noficate avalability of tial data
estmated effect sipe and its preciion (sech a5 95% confidence
nenva]
17 For binary outcomes, presentation of both absolute and
relative effe Sres i recommended
Ancillay analyses 13 Feqults of any other analyses pedfommed, inchuding subgroup
analyses, adjusted analyses, and rooes evaluabons,
cistinguishing pre-specified from exploctony
Hamms 19 Al imporant hamns or unintended effects in each geoup (foe
spacific guidanos, see CONSCRT for Harms)
D& cussion
Limitations 20 Trial lemie Bons, addressing sousces of poential bias,
mprecision, and, I eekevant, multiphcty of analyses
G aiaabiling 2 Cooneralisability (esternal v didity, applicatiling of the trig
P |
iy
T I ELATION Il e GEon consEent with results, baBncing benefits
and hamns, and considening other mlevant evidence
rrgctant infiosn ation
e isETion Fi] Fegistrabon rumber and name of wial ey
Protod ] Whe the full tal protocol can be accessad, if avalable
Dedaration of inesss 5 Sences of funding and ather suppaort, sole of fundes Dedamtion o any other potential eeas
Srabeholder involsement ia Any involvement of fhe intenvention
developer in the design, conduct, analyss, or
repuorting of the 16
F.i'i] Crher stakehobder invaverment in trial design,

ComducT, of analyses

nartives offesed 2 pan of the i



The Future of Our Science

Registration of protocols for studies intended to provide
causal evidence is essential to ensure the validity of our
science

(It is even more important for quasi-experiments, but expect
resistance there)

Reporting guidelines that we generally adhere to are also
crucial

You can be part of assuring the future of education science by
being an early adopter of these methodological innovations



Likelihood of Null Results in Medicine
has Increased Since 2005

@PLOS | one

RESEARCH ARTICLE

Likelihood of Null Effects of Large NHLBI
Clinical Trials Has Increased over Time

Robert M. Kaplan'*, Veronica L. Irvin®

1 Agancy for Haalthcare Resaarch and Cuality, U.S. Dapartmeant of Health and Human Samvices, Rockvilla,
Maryland, Unitad States of Amanca, 2 Oragon State Univarsity, Corvallis, Oregon, United States of Amanca

* Hobad.Kaplan @ ahrg bhs.gov
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