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Using ML and Al to understand science
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out reproducibility in artificial intelligence (AI)

Check for . o . . . . hers have reported unsuccessful attempts to di-
updates The problem of identifying common concepts in the sciences and deciding when new ideas  _; findings in the field. Replicability, the ability
) . ,

have emerged is an open one. Metascience researchers have sought to formalize principles  he same procedures on new data, has not been

underlying stages in the life cycle of scientific research, understand how knowledge is trans- r, we examine both reproducibility and replica-
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Highlight: PSU effort for DARPA’s SCORE

program (September 2019 — May 2023)
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Systematizing Confidence in Open Research and
Evidence (SCORE)

Dr. Greg Witkop

The Department of Defense (DoD) often leverages social and behavioral science (SBS) research to design plans, guide investments, assess outcomes,
and build models of hiiman enrial evetame and hahavinre ae thav ralata tn natinnal cacuirity challannac in tha hiiman Aamain Howevar g number of
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increase the effective use of SBS literature and research to address important human domain challenges, such as enhancing deterrence, enabling
stability, and reducing extremism.



XAl (artificial prediction markets)

and crowd+Al hybrid markets
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Artificial prediction markets — populated by artificial agents (trader-bots) — purchase
assets representing “will replicate” and “will not replicate” outcomes of notional replications
of claims appearing within research papers. Agent reasoning is based on Auman-

interpretable signals, including full text of scientific papers, metadata for specific
papers, and metadata about the community and the field.

Hybrid scenario: SMEs engage alongside bot traders



Signals (features) extracted from full text

and assembled from metadata
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Artificial prediction markets

« Synthetic agents interact in a simple
binary option market using a
logarithmic market scoring rule.

« Agents in the market bid in
geometric regions of feature space,
shown as circles (for simplicity).

« The agents are sensitive to asset
price, which causes their bid
behavior to evolve in time.

« Convergence in the market is
equivalent to a geometric
equilibrium.

Projected Feature 2

Example Market Evolution

Market Price (Asset 1 [Reproduce]): $50
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Projected Feature 1

(above) A toy market with input data from RPP

Note 1: High dim feature space is projected down for visualization.
Note 2: We multiply the price by 100 and convert to dollars.)

Nakshatri et al. (2021) Design and analysis of a synthetic prediction market using convex sets. Results in Control and
Optimization. https.//www.sciencedirect.com/science/article/pil/S2666720721000308%
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System evaluation --> real replication data

T The Thirty-Sixth AAAI Conference on Artificial Intelligence (AAAI-22)
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d Results on scored papers. Our system provides a confi-
dence score for 68 of 192 (35%) of the papers in our set.
On the set of scored papers, accuracy is 0.894, precision is
Explainably estimaling confidence in published s¢ () 917 recall is 0.903, and F1 is 0.903 (macro averages). A

work offers opportunity for faster and more robus! . .
tific progreSS.%e deve}fop a synthetic prediction m; ~ Sizeable un-scored subset of data (65%) is the trade-off for

assess the credibility of published claims in the social| high accuracy on the scored subset of the data. A test point is

havioral sciences literature. We demonstrate our syst  yn_gcored when the system has determined it has insufficient
detail our findings using a collection of known rep

projects. We suggest that this work lays the founda information to evaluate it.

a research agenda that creatively uses Al for peer revi System non-scoring. Unlike most other machine learning
algorithms, the synthetic market does not provide an evalua-
Introduction tion for every input. Like its human-populated counterparts,
Concerns about the replicability, robustness ar  the market is vulnerable to lack of participation (Arrow et al.
ducibility of findings in scientific literature hav  2(008; Tetlock 2008; Rothschild and Pennock 2014). Agents
will not participate if they have not seen a sufficiently similar
training point (paper). This is more common when the train-
ing dataset is small; in experiments with larger datasets, we
have observed participation increases. Meaningful ways to
increase agent participation, including hybrid settings with

human participants, are being explored.

Abstract



System evaluation --> RAND grad students

U Claim submission: User submits a paper (PDF) for evaluation.

(dFeature Extraction: Extraction tools stage, followed by pass through feature extractor modules generate
paper feature vector.

(J Evaluation through multiple prediction markets: The feature vector is passed through multiple markets and
results from each are collected.

(1SCORE and interpretability: Results from the prediction markets are collated and a response containing the
SCORE, interpretability and confidence is returned.

Reproducibility Score Paper Features

10 Agents, each with $20 cash, participated in the market.

We use PCA, a dimensionality-reduction method to Papers representing the agents bidding in the market.
The Market provided a score of 86, suggesting the claim is likely reproducible.
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author_count 7 6 3
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Explanations:

[ Level Three: Which agents participated + their confidence
[ Level Four: Features corresponding to nearest training data points

[ Level One: Confidence in the claim’s reproducibility through market score
[ Level Two: Aggregated details related to agent participation in the system



Initial takeaways:

- Major improvement on
agent participation!

- Change in individuals’ evals
before/after market based
on surveys

- Need more work to

understand the right
“balance” of bots and SMEs

Virtual 2-hour long market events
April and May 2023
- 100+ participants

- Currently analyzing results, and
conducting interviews with participants

a Replication Markets Interest Form @ o b : e

Questions  Responses @ Settings

We @Penn State are running prediction markets to score
confidence is published findings in the social and behavioral
sciences. You'll be participating alongside our artificially
intelligent (Al) bot traders as well as other researchers. Join
us by completing the form below!

Research areas, event dates and further details:

MARKETING - Monday, October 3rd 7-9pm and Friday, October 7th 10am-Noon EST
SOCIOLOGY - Tuesday, October 11th Noon-2pm EST

POLI SCI - Friday, October 14th 3-5pm and Tuesday, October 18th 7-9pm EST
EDUCATION - Monday, October 24th 7-9pm EST

ECONOMICS - Thursday, October 27th 7-9pm EST

PSYCH - Tuesday, November 1st Noon-2pm and Friday, November 4th 3-5pm EST

-- Each event will consist of 5 prediction markets running in parallel. In each market, you will buy and sell
contracts assoaated with outcomes of a repllcatlon study of a publlshed f|nd|ng in your field.

Y T T N [ T



Next steps... Of course... LLMs ©

Can Large Language Models Discern Evidence for Scientific Hypotheses?
Case Studies in the Social Sciences

Abstract: Although studies have shown that increases in
the frequency of social media use may be associated with
increases in depressive symptoms of individuals with de-
pression, the current study aimed to identify specific so-
cial media behaviors related to major depressive disorder
(MDD). Millennials (N = 504) who actively use Face-
book, Twitter, Instagram, and/or Snapchat participated in
an online survey assessing major depression and specific
social media behaviors. Univariate and multivariate anal-

yses were conducted to identify specific social media be- model train corpus test corpus | Acc F1
haviors associated with the presence of MDD. The re- MT-DNN | declarative declarative | 67.97% | 0.523
sults identified five key social media factors associated MT-DNN | questions questions 65.62% | 0.497
with MDD. Individuals who were more likely to compare MT-DNN | snli declarative | 42.97% | 0.342
themselves to others better off than they were (p = 0.005), MT-DNN | snli questions | 21.87% | 0.228
those who indicated that they would be more bothered ESIM declarative declarative | 64.84% | 0.489
by being tagged in unflattering pictures (p = 0.011), and ESIM questions questions | 61.72% | 0.359
those less likely to post pictures of themselves along with ESIM snli declarative | 39.84% | 0.335
other people (p = 0.015) were more likely to meet the ESIM snli questions 39.10% | 0.306
criteria for MDD. Participants following 300 + Twitter Chat-GPT | zero shot .| declarative

accounts were less likely to have MDD (p = 0.041), and Chat-GPT | demonstration learning

those with higher scores on the Social Media Addiction Chat-GPT | prompt ensembling ,

scale were significantly more likely to meet the criteria gﬁﬁ% szxosrl:sottration learning declarative

for MDD (p = 0.031). Participating in negative social me- PalM 2 prompt ensembling

dia behaviors is associated with a higher likelihood of
having MDD. Research and clinical implications are con-
sidered.

Hypothesis: Is there an association between social media
use and bad mental health outcomes?

Label: Yes
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