
Statistics & Scientific 
reporting: 
Can we do better?

Abhraneel Sarma 
School of Information 
University of Michigan 

C
ollective



Scientists & researchers 
can be really bad at 

interpreting results of 
statistical analysis. 



A simple independent means t-test 
comparing the means of your control and 

experimental groups (n = 20 each):

t = 2.7, d.f. = 18, p < 0.01



The probability there is no difference 
between treatment and control is less 

than 1%

True or False?

[ Oakes (1986): Statistical inference ] 
[ Haller and Krauss (2002): Misinterpretations of significance: A problem students 
share with their teachers ]

t = 2.7, d.f. = 18, p < 0.01



The probability there is no difference 
between treatment and control is less 

than 1%

False!



If there was no difference between the 
means of the two conditions, there is a 
less than 1% probability of obtaining 

the result

[ Oakes (1986): Statistical inference ] 
[ Haller and Krauss (2002): Misinterpretations of significance: A problem students 
share with their teachers ]



~ 90% people answered at least 
one such questions incorrectly

[ Oakes (1986): Statistical inference ] 
[ Haller and Krauss (2002): Misinterpretations of significance: A problem students 
share with their teachers ]



Misinterpretation may 
lead to overestimation 

of certainty



1. Adopt Bayesian statistics 

2. Uncertainty  representations



1. Adopt Bayesian statistics 

2. Uncertainty  representations



A mixed-design ANOVA with sex of face (male, female) as a within-subjects 
factor and self-rated attractiveness (low, average, high) and oral 
contraceptive use (true, false) as between-subjects factors revealed a main 
effect of sex of face, F(1, 1276) = 1372, p < .001, ηp2 = .52. This was 
qualified by interactions between sex of face and SRA, F(2, 1276) = 6.90, p 
= .001, ηp2 = .011, and between sex of face and oral contraceptive use, F(1, 
1276) = 5.02, p = .025, ηp2 = .004. The predicted interaction among sex of 
face, SRA and oral contraceptive use was not significant, F(2, 1276) = 0.06, 
p = .94, np2 < .001. All other main effects and interactions were non-
significant and irrelevant to our hypotheses, all F ≤ 0.94, p ≥ .39, np2 ≤ .001.
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Alternatives…

[ Kastellac and Leoni (2007): Using Graphs 
Instead of Tables in Political Science ]



[ Kastellac and Leoni (2007): Using Graphs 
Instead of Tables in Political Science ]

Alternatives…



0.13 2.99



True or False? 
There is a 95% probability that the mean 
difference between the experimental and 

control conditions lie in the interval [0.13, 2.99]

0.13 2.99



There is a 95% probability that the mean 
difference between the experimental and 

control conditions lie in the interval [0.13, 2.99]

False!



If you were to repeat the experiment 
over and over, then the fraction of 

calculated confidence intervals (which 
would differ for each sample) that 

encompass the true population 
parameter would tend towards 95%.

0.13 2.99



More alternatives…



More alternatives…



More alternatives…

[ Kay, Kola, Hullman and Munson (2016): When (ish) is 
my bus?: User-centered visualizations of uncertainty in 
everyday, mobile predictive systems ]



More alternatives…

[ Kay, Kola, Hullman and Munson (2016): When (ish) is 
my bus?: User-centered visualizations of uncertainty in 
everyday, mobile predictive systems ]

What is the 
probability 
of x >= 3 ?
~ 90%



More alternatives…

On average, 
quantile dotplots 
with 50 outcomes 
improve transit 
decision making.

[ Fernandes, Walls, Munson, Hullman, and Kay (2018): 
Uncertainty Displays Using Quantile Dotplots or CDFs 
Improve Transit Decision-Making ]



Are these better at addressing 
misinterpretation?



Are these better at addressing 
misinterpretation?

Not really



There exists  

- strong evidence 
- weak evidence 
- inconclusive evidence 
- no evidence  

that an effect exists

A non exhaustive set of statements 
describing a statistical result

braces by Sumana Chamrunworakiat  
from the Noun Project



There exists  

- strong evidence 
- weak evidence 
- inconclusive evidence 
- no evidence  

that an effect exists

A non exhaustive set of statements 
describing a statistical result



“The lure of incredible certitude” 

Existing incentives make it tempting for 
researchers to maintain assumptions far stronger 

than they can persuasively defend, in order to 
draw strong conclusions.

[ Manski (2018): The Lure of Incredible Certitude ]



Let’s step back from 
strictly probabilistic 

uncertainty.



Garden of forking paths
[ Gelman and Loken (2016) ]
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Garden of forking paths
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Garden of forking paths
[ Gelman and Loken (2016) ]

This is 
model/specification  
uncertainty



Garden of forking paths
[ Gelman and Loken (2016) ]

publish! yay!!



[ Christie Aschwanden 
and Ritchie King (2015): 
Science Isn’t Broken in 
FiveThirtyEight ]

https://fivethirtyeight.com/contributors/ritchie-king/


Do hurricanes with more feminine 
names cause more deaths?





“If you torture the data long enough, it will confess.”
- Ronald Chase





Pre-registration



Do soccer referees give more red 
cards to dark-skinned players than 

light-skinned ones?



Different researchers 
may create very different 

pre-registration 
documents





Multiverse analysis
[ Steegen, Tuerlinckx, Gelman, and Vanpaemel (2016):  
Increasing Transparency Through a Multiverse Analysis ]

Performing and 
reporting all 
reasonable analysis 
scenarios.



How to report all of 
these analyses?



Visual summaries?

[ Steegen, Tuerlinckx, Gelman, and Vanpaemel and 
Loken (2016):  Increasing Transparency Through a 
Multiverse Analysis ]

[ Simonsohn, Simmons, and Nelson (2015) 
Specification curve: Descriptive and inferential 
statistics on all reasonable specifications ]



Can we do better?



Explorable Multiverse 
Analysis Reports 

(EMARs)

[ Dragicevic, Jansen, Sarma, Kay, and Chevalier (2019): Increasing the 
Transparency of Research Papers with Explorable Multiverse Analyses ]







All these and more 
examples can be found at:

explorablemultiverse.github.io/

http://explorablemultiverse.github.io/


We need to promote and 
support transparent 
statistical reporting



Thanks!
And thanks to Matt Kay, Pierre Dragicevic, 
Yvonne Jansen, Fanny Chevalier

abhsarma.github.io 
    @abhsarma 
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