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Roadmap for the Talk

@ Today I'd like to do three things:

1. Introduce key concepts related to open science/the scientific
record.

2. Describe some areas within which | work which facilitate/utilize
related ideas.

3. 'Deep dive’ into one representative work in progress.

@ I've tried to keep this as broad as possible!
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In the spirit of ‘Open Science’:

crahal.github.io/files/wbs_talk.pdf
and all of the research you see here today is at:

github.com/crahal

Lots of examples: hopefully something for everyone!
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Everything here is made with free, and ‘Open’ tools:
e Linux (operating system)
e Python (data wrangling and statistical software)

o ATEX (typesetting)

Open, Responsible, and Reproducible Social Science 4/58
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Everything here is made with free, and ‘Open’ tools:
e Linux (operating system)
e Python (data wrangling and statistical software)
o ATEX (typesetting)

Why mention this? We’'re talking about ‘Open’ Science!

Open, Responsible, and Reproducible Social Science 4/58
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What is ‘Open Science’?

‘Open science ... promotes transparency, accessibility,
and collaboration throughout the research process. It in-
volves making scientific knowledge, data, and methodolo-
gies openly available to the public, researchers, and other
stakeholders, without restrictions or barriers.*

Source: ChatGPT
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What is the ‘Scientific Record’?

‘The scientific record is crucial for the advancement

of knowledge and serves as a foundation for scientific
progress. It provides a means for scientists to communi-
cate their research findings to the broader scientific com-
munity, allowing for scrutiny, validation, and further explo-

ration.’

Source: ChatGPT
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Pragmatically ‘Open Science’:

1. Allows the creation of value and advancement.
2. Allows verification of the scientific record.

3. Allows public disclosure and engagement.

4. Allows science to become accessible/transparent.

Open, Responsible, and Reproducible Social Science 7158
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"If | have seen further, it is by standing on the
shoulders of giants."

Source: Isaac Newton to Robert Hooke, in February 1676

Open, Responsible, and Reproducible Social Science 8/58
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What motivates a talk about ‘Open Science’?

e Four anecdotes from my time as a doctoral student:

Open, Responsible, and Reproducible Social Science 9/58
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What motivates a talk about ‘Open Science’?

e Four anecdotes from my time as a doctoral student:

1. Make sure your coauthors have code.
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What motivates a talk about ‘Open Science’?

e Four anecdotes from my time as a doctoral student:

1. Make sure your coauthors have code.

2. Be aware of p-hacking, however well intentioned.
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What motivates a talk about ‘Open Science’?

e Four anecdotes from my time as a doctoral student:

1. Make sure your coauthors have code.
2. Be aware of p-hacking, however well intentioned.

3. Critically analyze everyone else’s data.
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What motivates a talk about ‘Open Science’?

e Four anecdotes from my time as a doctoral student:
1. Make sure your coauthors have code.
2. Be aware of p-hacking, however well intentioned.
3. Critically analyze everyone else’s data.

4. Consider using open-source software.
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What motivates a talk about ‘Open Science’?

e Four anecdotes from my time as a doctoral student:

1. Make sure your coauthors have code.
2. Be aware of p-hacking, however well intentioned.
3. Critically analyze everyone else’s data.

4. Consider using open-source software.

e Disclaimer: presently a LNL Co-ordinator for UKRN.
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A definitional note on ‘Replication’

Replication is a hugely undervalued process. The process quite
literally maintains the scientific record. There are four types:

Compared to Original \ Original Procedures Key Differences

Same Data Verification Reanalysis
Different Data | Direct Replication Extension

@ Maybe you've heard ‘Verification’ called ‘Exact Replication’.
@ Increasing push towards teaching concepts of ‘Replication’.

@ One area where Sociology has really progressed forwards.

Open, Responsible, and Reproducible Social Science 10/58



Introduction and Motivation Scientometrics  Civic Technology Inequality Model Uncertainty PRNGs Conclusion
000000000080000000000 00000 000000000 00000 0000 0000000000000 000

How it started:

Why Most Published Research Findings Are False
John P. A. loannidis

Published: August 30, 2005 « https:/doi.org/10.1371/journal.pmed.0020124
oy . .
How it’s going:

IS THERE A REPRODUCIBILITY CRISIS?

7% 52%
Don't know Yes, a significant crisis

3%
No, there is no
crisis

1,576

researchers
surveyed

38%
Yes, a slight
crisis

Open, Responsible, and Reproducible Social Science 11/58



Introduction and Motivation Scientometrics  Civic Technology Inequality Model Uncertainty PRNGs Conclusion
00000000000@000000000 00000 000000000 00000 0000 0000000000000 000

What does ‘Open Science’ look like?

1. Preprints and ‘Open Access'.
2.
3.

News and essays Media Contact FAQ

ARXIV SOCOPEN: HOME OF SOCARXIV

Open, Responsible, and Reproducible Social Science 12/58
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What does ‘Open Science’ look like?
1.

2. Publicly available data.
3.

& HARVARD

Add Data ~
Dataverse

Search v About

Deposit and share your data. Get

Organize datasets and gather
academic credit.

metrics in your own repository.

Harvard Dataverse is a repository for research
data. Deposit data and code here.

Add a dataset +

A dataverse is a container for all your datasets,
files, and metadata.

Add a dataverse +

Open, Responsible, and Reproducible Social Science

Model Uncertainty PRNGs
0000

User Guide Support Sign Up Log In

Publishing your data is easy on
Harvard Dataverse!

Learn about getting started creating your own
dataverse repository here

Getting started (5
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What does ‘Open Science’ look like?

1.
2.

3. Open source code

Pinned

3 GWASReview

A Scientometric Review of Genome Wide Association
Studies

oHML W15 ¥7

B InterModel_Vigorish

@ Jupyter Notebook ¥ 1

Open, Responsible, and Reproducible Social Science

Public

Public

Introducing the InterModel Vigorish (IMV)

@ HTML

0000000000000 000

Customize your pins

[ NHsspend Public

Ahome for the NHSSpend Library

wi %

OxfordDemsci/gwasdiversitymo
nitor

Public

Source code for the GWAS Diversity Monitor

®css w2 ¥

Conclusion
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These slides are made with an open source typesetting language!

s I_make_this_slide.tex \
\begin{frame}[]
These slides are made with an open source typesetting language!
\begin{center}
\begin{scriptsize}

\begin{minipage}{.95\1linewidth}
\begin{myenv}{guess$\_$what$\_$this$\_$does.py}
\begin{minted}{latex}
# Hello friends :)
\end{minted}
\end{myenv}
\end{minipage}
\end{scriptsize}
\end{center}

\\V\end{frame} )

Open, Responsible, and Reproducible Social Science 13/58
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Open source statistical code can come in the form of Python (or R):

s guess_what_this_does.py

import json, io, imageio, requests
from PIL import Image

def get_cat_bounded(url):
api_ret = requests.get(url)
if api_ret.status_code==200:
text = json.loads(api_ret.text)
while (text[0]['width']<=400 or text[0]['width']>=600) or \
(text[0]['height']<=400 or text[0]['height']>=600):
api_ret = requests.get(url)
if api_ret.status_code==200:
text = json.loads(api_ret.text)
r = requests.get(api_text[0]['url'])
return Image.open(io.BytesIO(r.content))

url = 'https://api.thecatapi.com/v1l/images/search’

images = []

for _ in range(®, 50):
images.append(get_cat_bounded(url))

imageio.mimsave('CATS.gif', images, fps=1)

.

~

Open, Responsible, and Reproducible Social Science
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Thats right: Cats!

Open, Responsible, and Reproducible Social Science 15/58



Introduction and Motivation Scientometrics  Civic Technology Inequality Model Uncertainty PRNGs Conclusion
000000000000000008000 00000 000000000 00000 0000 0000000000000 000

Why show you this? Well, Python is great at lots of useful things:
1. Scientific Computing (SciPy, numpy)
2. Data visualisation (Matplotlib, seaborn)
3. Web scraping (requests)

4. Data wrangling (Pandas)

A natural choice for un/semi-structured data. Python also excels at
NLP/ML, but maybe a little less with classical statistics.

Open, Responsible, and Reproducible Social Science 16/58
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Python is great at building new datasets. But why bother?

‘We have been using the same data sets over and over again,
and since we wanted new answers, we have been developing
new econometric techniques to try to transform the data, and get
more meaningful information out of them. Just having a fresh,
new data set brings a whole new perspective, and | think people
are starting to realize that, and gradually people are becoming
more interested in data collection itself’

A. Cavallo, 15 November 2012 in Taylor et al. (2014)

Open, Responsible, and Reproducible Social Science 17 /58
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Python is great at building new datasets. But why bother?

‘We have been using the same data sets over and over again,
and since we wanted new answers, we have been developing
new econometric techniques to try to transform the data, and get
more meaningful information out of them. Just having a fresh,
new data set brings a whole new perspective, and | think people
are starting to realize that, and gradually people are becoming
more interested in data collection itself’

A. Cavallo, 15 November 2012 in Taylor et al. (2014)

New datasets allow fresh insight and are typically open!

Open, Responsible, and Reproducible Social Science 17 /58
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But what is semi-structured data?

‘A form of structured data that does not obey the tabular struc-
ture of data models associated with relational databases or other
forms of data tables, but nonetheless contains tags or other
markers to separate semantic elements*

@ Different to tabular surveys classical social scientists are used to.

@ But, often, our goal is to parse it and make it tabular all the same.

e Semi-structured data found ‘in the wild’ offers huge opportunty.
@ However, it requires a lot to make it ‘research ready’.

Open, Responsible, and Reproducible Social Science 18/58
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A lot of my semi-structured work is ‘scientometric’ and
‘bibliometric’ in nature:

e Scientometrics is the field of study which concerns
itself with measuring and analysing science.

e Bibliometrics is the use of statistical methods to
analyze quantitative information pertaining to books,
articles and other publications.

These fields are naturally related to ‘Open Science’.

The ‘Science of Science’ assess the scientific record.

Various Open, Reproducible, and Responsible Work 20/58
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‘The GWAS Diversity Monitor Tracks Diversity in Real Time’
with Melinda C. Mills
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—— Gender inference: F/(M+F)
50%1 [ Confidence intervals

4% /_\ ™\

1984-2020 backward-
looking average: 36.8%

30%

A
A NV
20%

10%

1947-1984 backward-
looking average: 25.2%

Female authorship: 10-year rolling interval

1960 1970 1980 1990 2000 2010 2020

‘Population Studies at 75 Years: An empirical review’
With Melinda C. Mills
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Shrinkage
Gradient Boost

ML Eval

Deep Learning
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4.66%
350% RSF launches Computational 2.50%
Social Science initiative
2.33%
Nate Silver predicts o
200%
"
visual object recognition 1.50%
0.00%

Friedman et al. (2001): ‘The
Elements of Statistical Learning'

1.00%

Hopfield (1982) popularizes

Leo Breiman (1996):
'Bagging Predictors’ \

1963-06-14

'Hopfield networks' 0.50%

BUSI (0.64%) BUSI (0.79%) BUSI (3.61%)

SOCI (0.51%) SOCI (0.71%) SOCI (2.58%)

ECON (0.3%) ECON (0.34%) ECON (1.65%)
0.00%

1971-02-12 1978-10-13 1986-06-13 1994-02-11 2001-10-12 2009-06-12 2017-02-10
‘The Rise of Machine Learning in the Academic Social Sciences’
With Dave Kirk and Mark Verhagen
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Administrative Data is an invalueable
resource for Good.

ADR UK (2018)

@ UK leads the world in terms of ‘Openness’ of government data.

@ The value of public government data is increasingly recognised.

o Increasingly recognised by the ESRC (e.g. ADRNSs).

@ For better or worse:

@ I’'m more interested in ‘hard to use’, semi-structured data.

Various Open, Reproducible, and Responsible Work 24/58
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Administrative Data is an invalueable
resource for Good.

ADR UK (2018)

@ UK leads the world in terms of ‘Openness’ of government data.
@ The value of public government data is increasingly recognised.
o Increasingly recognised by the ESRC (e.g. ADRNSs).

@ For better or worse:

@ I’'m more interested in ‘hard to use’, semi-structured data.

o Using curated data from the ONS SRS would be too easy!

Various Open, Reproducible, and Responsible Work 24/58
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Procurement Data

@ David Cameron opened data on government contracts (2010).
@ This provided a totally new type of semi-structured data.

@ From from local authorities, to the NHS, to central government.
@ This sounds like it might be useful for academic research...

@ However, the raw data is unbelievably messy.

Various Open, Reproducible, and Responsible Work 26/58
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Procurement Data

@ David Cameron opened data on government contracts (2010).
@ This provided a totally new type of semi-structured data.

@ From from local authorities, to the NHS, to central government.
@ This sounds like it might be useful for academic research...

@ However, the raw data is unbelievably messy.

If only there was a Government Data Service to curate it...
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Procurement Data

@ David Cameron opened data on government contracts (2010).
@ This provided a totally new type of semi-structured data.

@ From from local authorities, to the NHS, to central government.
@ This sounds like it might be useful for academic research...

@ However, the raw data is unbelievably messy.

If only there was a Government Data Service to curate it...
However, | am currently working with the ONS to improve collection!

Various Open, Reproducible, and Responsible Work 26/58



Introduction and Motivation Scientometrics  Civic Technology Inequality Model Uncertainty PRNGs Conclusion
000000000000000000000 00000 000@00000 00000 0000 0000000000000 000

Lets list a few of the problems with procurement data. Some are
common to semi-structured data, some are not:

1. Some organisations don’t believe in their legal obligation.

2. Every file is in a heterogeneous format in a different location.
(There are thousands of locations on the internet.)

3. Data commonly converted from a tabular file...

Various Open, Reproducible, and Responsible Work 27/58
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Lets list a few of the problems with procurement data. Some are
common to semi-structured data, some are not:

1. Some organisations don’t believe in their legal obligation.

2. Every file is in a heterogeneous format in a different location.
(There are thousands of locations on the internet.)

3. Data commonly converted from a tabular file... into a .pdf!
(This is a direct downgrade in the Berners-Lee 5*schema.)

4. Naturally, of course, there are no supplier UIDs.

Just one quick example, followed by what we can do...

Various Open, Reproducible, and Responsible Work 27/58
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‘Tools for Transparency in Central Government Spending’
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‘The Role of Non-Profits in Public Health Service Provision’
With John Mohan
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Outsourcing %
l 7
6
5
4
3
2018 2020

Source: Raw CCG payments approximately matched to Companies House and the Charity Commission, then manually verified

Creeping Privatisation in England's NHS

~

2014 2016

‘Creeping Commercialization in the NHS’
By Ben Goodair and Aaron Reeves
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‘Modelling Labour Market Inequalities and the Covid-19 Pandemic’
With Aaron Reeves and Naomi Muggleton
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Semi-Structured Data for Inequality Research

Data doesn’t always come from APlIs.

Sometimes, it can come from raw .html itself.

One example of this is when we scraped Who's Who to get
information on education background of ‘elites’.

@ Another is when we scraped thepeerage.com to get data on
dates of birth and death of British Peers.

We might want to (there are competing views):

@ Check ToS and robots. txt.
e Contact the webmaster first.
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‘The decline and persistence of the old boy’
With Aaron Reeves, Sam Friedman. and Magne Flemmen
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‘The Legacy of Longevity: Inequalities in UK Life Expectancy 1500-2016’
with Aaron Reeves, Felix Tropf and Darryl Lundy
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‘Mortality Differentials by Income’ (title TBC!)
with Naomi Muggleton and Aaron Reeves
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e There are close links between ‘Open Science’ and
traditional modeling paradigms!

e By opening research, we can examine the certainty
of statistical results.

e Does f3 really equal 7.124527?
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e There are close links between ‘Open Science’ and
traditional modeling paradigms!

e By opening research, we can examine the certainty
of statistical results.

e Does f3 really equal 7.124527?

e How can we "take the ‘con’ out of econometrics"?
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e There are close links between ‘Open Science’ and
traditional modeling paradigms!

e By opening research, we can examine the certainty
of statistical results.

e Does f3 really equal 7.124527?
e How can we "take the ‘con’ out of econometrics"?

e Transparency and more computational procedures!

Various Open, Reproducible, and Responsible Work 38/58
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What's the association
between y and x1?

Include x2?

Researcher
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@ Our work tackling this type of uncertainty is still in progress!

A B.

, 120000
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o
19600 2
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£ | | e
A R
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o
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@ The idea is to advance the specification curve literature.
@ In particular: selection, averaging, and influence analysis.
@ See github.com/centre-for-care/nrobust for updates!
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‘A Grid Based Approach to Analysing Spatial Weighting Matrix Specification’
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On the Responsible use of Pseudo-Random
Number Generators in Scientific Research

Charlie Rahal
LCDS and Nuffield College, University of Oxford

A talk at the WBS Analytics Insight Series, 14th March, 2024
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What is a PRNG?

ChatGPT

A pseudo-random number generator (PRNG) is a deterministic algorithm creating
seemingly random number sequences using a specified seed. Unlike true random
generators relying on unpredictable physical processes, PRNGs offer repeatability.
This trait is beneficial in research, ensuring consistent results with the same seed,

essential for reproducibility in various applications.
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“Gott wiirfelt nicht.”

Source: Einstein on Heisenberg’s indeterminacy principle.
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Pseudo-Random Number Generation

An invisible source of uncertainty in the scientific record: PRNGs!
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Pseudo-Random Number Generation

An invisible source of uncertainty in the scientific record: PRNGs!

@ Q: Has anyone ran a program twice, with different results?
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Pseudo-Random Number Generation

An invisible source of uncertainty in the scientific record: PRNGs!

@ Q: Has anyone ran a program twice, with different results?

@ Q: Has anyone here ever set a ‘seed’? Which seed?
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Pseudo-Random Number Generation

An invisible source of uncertainty in the scientific record: PRNGs!

@ Q: Has anyone ran a program twice, with different results?
@ Q: Has anyone here ever set a ‘seed’? Which seed?

@ Maybe to eliminate variation in algorithms with PRNGs?

- This seems to be the current ‘best practice’ advice.
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Pseudo-Random Number Generation

An invisible source of uncertainty in the scientific record: PRNGs!

@ Q: Has anyone ran a program twice, with different results?
@ Q: Has anyone here ever set a ‘seed’? Which seed?

@ Maybe to eliminate variation in algorithms with PRNGs?

- This seems to be the current ‘best practice’ advice.

@ We argue this is the opposite of what we want!

- We propose you pre-specify multiple (complex) seeds.
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Pseudo-Random Number Generation

An invisible source of uncertainty in the scientific record: PRNGs!

@ Q: Has anyone ran a program twice, with different results?
@ Q: Has anyone here ever set a ‘seed’? Which seed?

@ Maybe to eliminate variation in algorithms with PRNGs?

- This seems to be the current ‘best practice’ advice.

@ We argue this is the opposite of what we want!
- We propose you pre-specify multiple (complex) seeds.
- Or, alternatively, use a subset of the seeds we provide.
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Pseudo-Random Number Generation (Cont.)

@ We need to assess possible variation independent of arbitrary
seed choice.
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Pseudo-Random Number Generation (Cont.)

@ We need to assess possible variation independent of arbitrary
seed choice.

@ An extremely important and scarcely researched problem.
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@ We need to assess possible variation independent of arbitrary
seed choice.

@ An extremely important and scarcely researched problem.

@ Pseudo-Random Number Generators occur everywhere!
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Pseudo-Random Number Generation (Cont.)

@ We need to assess possible variation independent of arbitrary
seed choice.

@ An extremely important and scarcely researched problem.
@ Pseudo-Random Number Generators occur everywhere!

@ The variation in estimand can be huge (as we’ll show).
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Pseudo-Random Number Generation (Cont.)

@ We need to assess possible variation independent of arbitrary
seed choice.

@ An extremely important and scarcely researched problem.
@ Pseudo-Random Number Generators occur everywhere!
@ The variation in estimand can be huge (as we’ll show).

@ We bring attention to this through multiple types of replications.
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Pseudo-Random Number Generation (Cont.)

@ We need to assess possible variation independent of arbitrary
seed choice.

@ An extremely important and scarcely researched problem.
@ Pseudo-Random Number Generators occur everywhere!
@ The variation in estimand can be huge (as we’ll show).

@ We bring attention to this through multiple types of replications.

e Simulations, machine learning, NLP, and inferential research.
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Pseudo-Random Number Generation (Cont.)

@ We need to assess possible variation independent of arbitrary
seed choice.

@ An extremely important and scarcely researched problem.

Pseudo-Random Number Generators occur everywhere!

The variation in estimand can be huge (as we’ll show).

We bring attention to this through multiple types of replications.

e Simulations, machine learning, NLP, and inferential research.

Seed variation at times: i.) can be eliminated, ii.) is not a
concern, iii.) cannot be eliminated (requires examination).

On the Responsible use of Pseudo-Random Number Generators in Scientific Research 46 /58



Introduction and Motivation Scientometrics ~ Civic Technology Inequality Model Uncertainty PRNGs Conclusion
000000000000000000000 00000 000000000 00000 0000 00000@0000000 000

The General Premise

@ Problem Statement: By setting one seed, we ignore the
variation of our estimand as a function of how PRNGs were
generated: computationally un-intensive, but scientifically dour.
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The General Premise

@ Problem Statement: By setting one seed, we ignore the
variation of our estimand as a function of how PRNGs were
generated: computationally un-intensive, but scientifically dour.

@ Solution: Visualize the outcome space of a large humber
(10k? 100k?) of seeds simultaneously. This is computationally
intensive, but scientifically faithful.
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The General Premise

@ Problem Statement: By setting one seed, we ignore the
variation of our estimand as a function of how PRNGs were
generated: computationally un-intensive, but scientifically dour.

@ Solution: Visualize the outcome space of a large humber
(10k? 100k?) of seeds simultaneously. This is computationally
intensive, but scientifically faithful.

@ Replication: Similar to specification curves and p-hacking, we
can consider whether an original result is in the tail/IQR of the
distribution of possible outcome space.
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To make things more complicated...

@ Hofert (2020): in some scenarios, collisions exist.
@ Collisions: generation of duplicates b/c of insufficient complexity.
@ A cherished colleague recently stated to me:
“We wanted to run it [the model] with 100k seeds, but in reality,
we only reported 99,905 draws or something, because we were

seeing that our results weren't unique when they should have
been...”

@ This only occurs in 32-bit Mersenne Twister implementations.
o With 32-bit MT: E(collisions) is 116.
o With 64-bit MT: E(collisions is 2.71e-08.

@ The default implementation of MT in R is 32-bit. . .
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Concluding Thoughts on Seed Variability

Matt Salganik commented: ‘That sounds great, but expensive!’

o Expense no-longer prohibitive: everything here ran locally.

Does anyone have ideas for other types of seed variability?

Can this be corrective? Index historical seed variability?

Prospectively: we make available a list of seeds (replication
materials), encouraging their use as a pre-specified set.

TLDR: when variation can’t be eliminated, should be visualised.
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| hope I've been able confer my excitement, enthusiasm
and inspiration for:

e ‘Assumption free’ social science.
e ‘Semi-structured’ data found ‘in the wild’.

e Openness and Transparency in research.

If a single more robust paper, or even just a slightly more
reliable single estimate enters scientific record,
everything will be worth while ©.
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Thanks for attending, and a special
thanks to my collaborators!
Don’t hesitate to get in touch at:
charles.rahal@demography.ox.ac.uk
and

github.com/crahal!
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