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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



Ioannidis in PLOS Medicine, 2005, 
2(8):e124



Ioannidis in JAMA, 2005, 294(2), 
218-228



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 (Ioannidis, 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)

Prinz, Schlange and Asadullah

Bayer HealthCare
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How Frequent are Failures to Replicate 
in Preclinical Studies? 
(Perrin, Nature, 2014, 507, 423-425)



Medical Science Subject to Public 
Scrutiny

The Economist, October 19, 2013



Baker (2016) in Nature



Baker (2016) in Nature



The Crisis in Medical Research
How could Ioannidis 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)



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)



Rates of Questionable Research Practices 
(from Fiedler & Schwarz, 2015)



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/


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?



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/


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



The CONSORT SPI Flow Diagram



The CONSORT SPI Checklist



The CONSORT SPI Checklist (continued)



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



Thank You!
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