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Common to see tables with lots of tests: e.g. multiple treatments (4) * multiple outcomes (10) = 40 tests here.



Also a very 
common issue 
with 
heterogeneity 
analysis



Young (2019)

• I examine 53 papers, 14 of which are laboratory experiments and 39 
of which are field experiments. 27 of the papers appeared in the AER, 
21 in the AEJ: Applied 9 Economics, and 5 in the AEJ: Microeconomics

• The number of tables reporting estimates and standard errors for 
treatment effects …varies substantially across papers, with 17 papers 
having only 1 or 2 such tables and 19 presenting 5 to 8. 

• The number of treatment effects reported in tables ranges from 2 to 
96, with the average table in a paper having a mean of 19 and median 
of 17

• when a table reports a .01 significant result, on average there are 21.2 
reported treatment effects and only 5.0 of these are significant



Outline for today

• Different approaches for handling multiple hypothesis testing and 
when to use each?
• Aggregate index approach
• Controlling the FWER
• Controlling the FDR
• Omnibus testing/Joint significance approach

• Enhancing credibility and tying one’s hands through pre-committing 
to which tests you will run
• Pre-registration of studies: AEA RCT registry and options for non-RCTs
• Pre-analysis plans
• Registered reports



The Aggregate Index Approach

• Problem: too many hypotheses being tested due to lots of outcomes

• Solution: collapse the number of outcomes into a single summary 
measure

• Example: I’m interested in seeing whether business training improves 
accounting practices in firms, and measure 10 different practices.
• Rather than focusing on impacts one by one on each of these 10 practices, 

form an overall measure of accounting practices and look at impact on this.

• Note second advantage of these measures – can boost statistical power – e.g. 
get marginally significant impacts on range of proxies, when aggregate 
together get rid of noise and more significant.



How should we aggregate outcomes into an 
index?
• Approach one: simple average of binary variables

• E.g. set of measures of whether firm is doing business practice X; or set of 
health behaviors during Covid, etc.

• Then just take the mean of all these binary variables. 
• Outcome is then interpretable as the proportion of these practices the firm is 

doing. 
• Potential downside: puts equal weight on every outcome.

• Approach two: first principal component
• Common technique for dimensionality reduction
• Famous example: Filmer and Pritchett with asset indicators
• Don’t need all the variables to be binary
• Units harder to interpret



How should we aggregate outcomes into an 
index?
• Approach three: average of normalized z-scores (Kling et al, 2007)

• Organize variables so all go in same direction. E.g. suppose want to see if cash 
transfers improve child health, and have outcomes
• BMI
• Number of episodes of illness in last 2 weeks (need to reverse code e.g. number of days 

without illness)
• Child height
• Anemia  (need to reverse code e.g. not anemic)

• Normalize each outcome as a z-score by subtracting control mean and 
dividing by control s.d. e.g. 𝑧𝐵𝑀𝐼,𝑖 = 𝐵𝑀𝐼𝑖 − 𝐵𝑀𝐼𝑐𝑜𝑛𝑡𝑟𝑜𝑙 /sdcontrol

• Then take simple average of these z-scores
• Coefficient typically interpreted as standard deviation change in index (but 

note two concerns with s.d. units)



How should we aggregate outcomes into an 
index?
• Approach four: inverse-covariance weighted (Anderson, 2008; 

O’Brien, 1984)
• Rather than taking simple average of the z-scores, use inverse-covariance 

weights
• ensures that outcomes that are highly correlated with each other receive less 

weight, while outcomes that are uncorrelated and thus represent new 
information receive more weight

• Samii (2016) gives example of college math grade, math GRE, verbal GRE –
“The inverse covariance weighted average of these three variables would 
result in an index that gives about 25% weight to each math score and then 
50% weight to the verbal score. It “rewards” the verbal score for providing 
new information that the math scores don’t. The resulting index could be 
interpreted as a “general scholastic aptitude” index.”



Aggregate indices in practice

• What variables can I aggregate together?
• E.g. does it make sense to put employment, teen pregnancy, household consumption, 

agricultural productivity and tv watching together?
• Usually want a domain of behavior/meaningful sense of an underlying concept
• E.g.2: what about firm survival, profits, sales, and number of workers?
• Do not want a bunch of junk variables in there

• Thinking carefully about using variables with no variation
• E.g. business practices, if have practices everyone does or no one does

• Does it matter which aggregation method I use?
• Sometimes, but in practice I typically find correlations are >0.99. But depends on how you 

form the index/types of variables you put in

• What should you do if missing values for some components
• E.g. income missing for 10% of individuals, employment for 3%, occupation there for 

everyone.



Adjust p-values for multiple inference by 
controlling the FWER
• Family-wise error rate (FWER)

• Suppose I test M hypotheses, H1, H2, …, HM, of which J are true
• The FWER is the probability that at least one of the J true hypotheses in the 

family is rejected 
• M=1, then FWER = type-I error rate (e.g. 5%) – incorrectly reject a true null 

(get a false positive)
• As M grows, the chance of rejecting at least one hypothesis at a given 

significance level α increases, and FWER grows.
• E.g. 2 independent tests 1-0.952 = 0.098

• 5 independent tests 1-0.955 = 0.226
• 10 independent tests 1-0.9510 = 0.401
• 20 independent tests 1-0.9520 = 0.641



Controlling the FWER

• Simplest approach: Bonferroni adjustment

• With M tests, reject the null only if 𝑝 ≤
𝛼

𝑀

• Equivalently, adjusted p-value is 𝑝𝐵𝑜𝑛𝑓𝑒𝑟𝑟𝑜𝑛𝑖 = 𝑚𝑖𝑛 𝑀𝑝, 1

• Simple – only need to know p-value and number of tests

• But usually far too conservative, increasing risk of type II errors 
(failing to reject null when null is false)

• Does not account for correlation among outcomes



Controlling the FWER

• In practice, better to use Westfall-Young or Romano-Wolf. 
• These are step-down resampling methods – resample data lots of time, 

preserving correlations among outcomes. This can greatly increase power if 
outcomes highly correlated.

• When a hypothesis is rejected, step-down resampling method removes it 
from family being tested, increasing power for the remaining tests.

• In Stata: rwolf2 and wyoung commands

https://blogs.worldbank.org/impactevaluations/updated-overview-multiple-
hypothesis-testing-commands-stata

https://blogs.worldbank.org/impactevaluations/updated-overview-multiple-hypothesis-testing-commands-stata


Example from Anderson (2008) with 9 outcomes (each a summary index)

Bonferroni

0.234

0.036

1.00

0.38



Adjust p-values for multiple inference by 
controlling the FDR
• FWER approach is appropriate when you want to guard against any false 

positives. This may be appropriate when cost of a false rejection is high 
(e.g. large scaling up of ineffective program). But the more tests you do, the 
more restrictive it becomes. 

• Alternatively, we may be willing to tolerate some type I errors in exchange 
for more power, especially in exploratory analysis.

• The False discovery rate (FDR) is designed to control the proportion of 
false positives among the set of rejected hypotheses. 
• When some false hypotheses are correctly rejected, FDR is less than FWER, and need 

less stringent adjustment to p-values.
• Can even get cases where, by rejecting a lot of hypotheses, adjusted p-values are less 

than unadjusted.



FDR adjustment in practice
• Benjamini and Hochberg (1995), as implemented by Anderson (2008), 

gives sharpened q-values

• Doesn’t account for correlation, fine for independent or positive, but 
may need to adjust if negative correlations



Omnibus testing/joint significance
• Multiple treatments: test the null hypothesis that all treatment 

effects jointly zero on an outcome (standard F-test)

• Young test of complete irrelevance: under the sharp null that no 
treatment has any impact for any unit on any outcome, can use 
permutation testing. Randcmd in Stata



Considerations for using in practice

• Separate outcomes into different families or domains. E.g. in moving-to-
opportunity, might want to look at effect of better neighborhood in outcomes 
related to:
• Economic self-sufficiency (work)
• Mental health
• Physical health
• Risky behavior
• Education

• May then want to form a summary index for each domain, and then do a FWER 
adjustment for looking at overall effect on these 5 indices.

• Then might want to separately look at impacts on individual outcomes within 
domain (maybe in appendix), and do FWER or FDR adjustment.

• With treatment heterogeneity, perhaps more exploratory, and maybe FDR 
adjustment.



Do we even need to adjust at all?

• Depends on how we want to use results.
• E.g. 1 Gibson et al. (2011) – Omnibus testing of migration’s effects on 

remaining household members – 62 different outcomes.

• If we want to compare impact of migration on business ownership from this 
study to those in other studies in the literature, don’t need to adjust (since we 
are ignoring the other results)

• Index measures may not be appropriate – e.g. looking at household income, 
we may be more interested in how composition changed (more remittances, 
less ag income, what happened to business income) then overall impact on 
income -> then FWER type adjustment.

https://openknowledge.worldbank.org/handle/10986/21437


Do we even need to adjust at all?

• Viviano et al. (2021)

https://arxiv.org/pdf/2104.13367.pdf


Do we even need to adjust at all?
• Viviano et al. (2021) – depends on how costly it is to do extra tests 

(e.g. adding more interventions costly, more subgroup testing not); 
and on policy decision

• E.g. if policymaker cares

about education, work, 

& health outcomes of

program, get weights they

assign to each to form overall

index

https://arxiv.org/pdf/2104.13367.pdf


Enhancing credibility and tying one’s hands through 
pre-committing to which tests you will run

• A more nefarious way to reduce the number of hypotheses that are being 
corrected is for researchers to not report every test they run:
• Do a lot of “exploratory analysis”, and then report the interesting things you find
• P-hacking: explicitly test different ways of coding variable, different hypotheses, and 

only report those that show up significant
Get that Green jelly beans lead to acne headline

• Even with methods we’ve just discussed, lots of researcher decisions along 
the way:
• Which outcomes get made into an index?
• How will the index be formed?
• How many families/domains?
• Which method of adjustment for multiple testing?
• Etc.



Tools for pre-commitment/pre-planning

• Pre-registration of a study – say what you are going to do before you 
see the data

• Pre-analysis plan – specify very precisely how you are going to the 
analysis

• Registered report – also get it peer-reviewed, write it up like a paper



Pre-registration

• For randomized experiments, main registry is the AEA RCT registry.
• Mandatory now for submission to some journals (e.g. AEA journals:

• Just requires basic information in mandatory fields:
• Dates
• Intervention details
• Main outcomes – can be specified with more or less precision, up to authors 

• Nearly 5,500 registrations with locations in 162 countries (Feb 2022)
• Note: https://clinicaltrials.gov/ (required for medical journals)

https://www.socialscienceregistry.org/
https://clinicaltrials.gov/


e.g. 



Specifying primary outcomes

• We often have lots of things we’d like to look at
• Many different outcomes
• Lots of different theories about heterogeneity

• I like to give myself and my co-authors what I call the Science/AER 
Insights/Policy brief test
• Ask yourself – if at the end of this study, I was only allowed to show one short table 

or figure, what would be in it?
• If you ask policymakers what outcomes matter most for them in making decisions 

based on this study, what would they say (and are you measuring these)?

• After all, you are not tying your hands very much if you say I intend to 
measure treatment effects on these 148 outcomes, and don’t say whether 
some matter more than others.





Doesn’t mean you can’t look in quite a few domains, but 
need to be judicious – ultrapoor example



What about sub-groups/heterogeneity?

• Useful to pre-specify if one or two dimensions that theory/policy 
strongly focused on.

• But typically lots of potential dimensions of heterogeneity that might 
apply
• Which are of most interest depends on whether main purpose is policy 

targeting or understanding economic mechanism
• E.g. heterogeneity by geographic region, age group, gender vs

heterogeneity by risk aversion, level of credit constraints, baseline level of capital

• Most experiments have low power for looking at heterogeneity
• Consider as exploratory only
• Use machine learning methods to look at heterogeneity over many variables, 

rather than testing lots of bivariate hypotheses.



What about non-experimental studies?

• Only makes sense if you can credibly commit to not having seen the data 
when you specify analysis.

• Examples:
• Policy change (new minimum wage, new benefit) coming in, and specify how will use 

government survey data to be collected after the change.
• Prospective impact evaluation:

• E.g. regression-discontinuity design of some policy, and now planning follow-up survey to see 
what impacts are

• E.g. prospective difference-in-differences design or synthetic control design – might pre-
specify now how comparison groups be formed, and follow-up data not yet collected.

• Main place to register: Open science foundation (osf) (now includes EGAP)

• Alternative: Aspredicted.org 

https://osf.io/prereg/
https://aspredicted.org/


Pre-analysis plans

• A pre-analysis plan is a step-by-step plan setting out how a researcher will 
analyze data which is written in advance of them seeing this data (and 
ideally before collecting it in cases where the researcher is collecting the 
data). 

• Typically more detailed than AEA registration:
• Specify how data will be cleaned, exact regression specifications, exactly how 

variables will be constructed, etc.

• Some debate in the literature as to when/whether to do one and how 
extensive it should be:
• Early pre-analysis plans often were 30+ pages, tried to pre-specify all eventualities
• Olken (2005) suggests simpler plans may have most of advantages
• Coffman and Niederle (2005) – may not be needed if easy to replicate – e.g. lab 

experiments.
• Duflo et al. (2020) call for moderation

https://www.aeaweb.org/articles?id=10.1257/jep.29.3.61
https://www.aeaweb.org/articles?id=10.1257/jep.29.3.81
http://economics.mit.edu/files/19395


Pros of pre-analysis plans/when to use

• Most useful for field experiments that may be expensive and difficult 
to replicate

• As well as credibility, several other uses:
• Helps focus policymakers on what key outcomes they most care about, and 

get agreement on this in advance rather than after seeing results.
• Really helpful if you are designing questionnaires – helps make sure you are 

measuring everything you need to, and also on what can be cut from 
questionnaire if necessary (lots of “nice to ask” questions never get used).

• Records upfront a lot of design and intervention details that may be harder to 
remember/reconstruct 2-3 years later.

• Upfront investment in thinking through analysis can make it much 
faster/easier when data arrives to get headline results



What should go into a pre-analysis plan?

• See checklist: https://blogs.worldbank.org/impactevaluations/a-pre-
analysis-plan-checklist

1) Describe how sample is selected, expected sample size, how 
randomization is done

2) Key data sources and timing of data collection 

3) Estimating equation: e.g. what controls will be used in regression, 
how will standard errors be calculated, what adjustments will be 
used for multiple testing, etc.

4) How will attrition be handled?

https://blogs.worldbank.org/impactevaluations/a-pre-analysis-plan-checklist


What should go into a pre-analysis plan?

5) Hypotheses, families and outcomes: 
• I see this as the most important. 
• Separate outcomes into separate families/domains, and ideally also into 

primary and secondary outcomes, or main effects, mechanisms and 
heterogeneity.

• For outcomes, be really specific – so RA could create from these 
instructions:
• E.g. don’t just say “Wage earnings in last month”, but make clear

• Log, Levels, or some other transform? How will 0s be handled?
• Any winsorizing to deal with outliers?
• If you have multiple questions on this (e.g. earnings in main job, earnings in past week, etc) 

how will overall measure be constructed.
• If forming summary index measures, define components of this and how will be 

constructed.



Example 1: 

• YouWin business plan



Example 2:

Business training program



Some practical tips with PAPs

• Don’t overcomplicate and try and specify every eventuality
• E.g. 1: Some outcomes/mechanisms only make sense/are of interest if you see 

impact on a key outcome first. 
• For example, a primary outcome of a management improvement program might be the 

number of workers in the firm.
• IF you find the number of workers has increased, you might then want to look at whether they are 

trying new ways of hiring, the wages they pay workers and whether they pay for performance, 
whether they are hiring young women, etc. 

• IF you find employment falls, you might want to look at whether they are firing workers more 
versus just reducing hiring, at what types of workers they got rid of, at whether they are now using 
more capital instead of workers, etc.

• IF you find no change in employment, then much less interesting to look at all these channels.

• One approach would be to try and pre-specify complicated IF/ELSE plans, but hard to 
anticipate everything

• Instead just focus on main outcomes, and then acknowledge that analysis understanding 
mechanisms/channels is exploratory.



Some practical tips with PAPs

• Timing: 
• Need more information than for AEA registry – so register project “early” (once 

getting underway) on the registry, and then add PAP after baseline/once understand 
intervention better (but before any follow-up data). Pilots can help.

• Can update over time – e.g. add new version before second follow-up.

• Write-up: Too mechanical an adherence to the PAP makes for boring papers 
that include irrelevant information and exclude relevant information
• Also reason for not specifying too long a PAP – no one wants to read a zillion 

appendix tables saying we pre-specified we would look at these extra 50 outcomes 
and 10 types of heterogeneity.

• I want the authors to bring in descriptive data, qualitative information, new 
thoughts, and their own exploratory hypotheses to help explain the results they 
got - just so long as they indicate that this is exploratory and post-hoc

• Duflo et al. (2020) suggested a separate “populated PAP” that can compliment the 
paper



Registered reports

• Even more work than a PAP – write up as much of the paper as you 
can without seeing results, and get it peer-reviewed

• Journal of Development Economics 



Advantages of registered reports

• Get feedback on design and useful/constructive comments at a time where 
you can do something about it.

• Builds on PAP to get a lot of the write-up done in advance on paper and 
help you think through carefully what study is doing

• Acceptance without seeing results helps guard against difficulty of 
publishing null results, and can give you something earlier on to show for 
study that is going to take years

• May provide some commitment/protection against changes in policy 
partners objectives/openness to reporting

• But is a lot of work – like registration/PAPs, makes more sense for longer-
term, riskier, hard to replicate projects.



Some tips on registered reports

• Introduction – should be written like a regular paper, making clear what 
this paper does, why it is interesting, and how it contributes to what we 
know from the existing literature

• Reports often lack key specifics:
• Provide more context and outline the status quo/problem that the intervention is trying to solve:  tell us the 

context and details of the sample, and whether there is a market failure or problem that needs to be solved
• E.g. if you are doing an experiment on helping youth find jobs- tell us what the status quo 

process is like, what the background of the youth are, etc.
• Very common for people to just put in table of summary statistics and not describe the 

sample at all or offer more details.
• Unpack the black box – describe in detail the interventions
• Outline a clear theory of change linked to hypotheses

• This should also help justify choices of outcomes, and of timing of follow-ups – e.g. is it 
reasonable to expect impacts in 6 months?

• Outcomes need to be defined precisely



Some tips on registered reports

• Power calculations often particularly problematic:
• Discuss assumptions about take-up rates, control means and standard 

deviations, etc.

• Discuss effect sizes in meaningful units where possible – e.g. what is the 
percentage point change in employment you can detect?

• Relate MDEs to the existing literature to discuss reasonableness – e.g. don’t 
just tell me your MDE is a 8% change in employment – but given the existing 
literature (and economic theory/cost effectiveness), is it reasonable to think 
the program will have this effect?



Conclusions

• Very rare for development economists to do study with single 
treatment and single outcome of interest

(contrast A/B testing in online experiments)

• A variety of different approaches for dealing with multiple testing.
• “horses-for-courses” – different methods useful for different issues

• Thinking about how you will do this in advance is helpful both for 
your research, and for credibility
• Pre-registration, PAP, and RR all helpful here in setting out key outcomes, 

thinking through what matters most.


