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WEEKLY DIGEST:​ DATA &​ MATHEMATICAL SCIENCES

Advances in Data Science and Mathematical
Modeling
Recent breakthroughs in data science and mathematical modeling are
transforming various fields, from healthcare and materials science to our
understanding of gravity and light.​ Researchers are developing innovative
methods for interrupted time series analysis, robust linear regression, and
recursive self-​improvement in AI.​ New discoveries in materials science and
physics are also revealing unusual properties of enzymes, light, and matter.​
These advancements have significant implications for diverse applications,
including data science careers, medical research, and our understanding of the
fundamental laws of physics.

KEY FINDINGS

✓ Interrupted Time Series Analysis (ITSA)
can be used to estimate the effect of
interventions on time series data, even
when A/B tests are not properly designed.

✓ Robust estimators, such as Huber
regression and Random Sample Consensus
(RANSAC), can mitigate the impact of
outliers on linear regression models.

✓ A deep-sea enzyme, nitrogenase, has
been found to be unusually resistant to
heat, surviving temperatures up to 90 °C.

IMPLICATIONS

→ The development of more sophisticated
data science methods will continue to
drive innovation in various sectors,
including healthcare, government, and
nonprofits.

→ Advances in materials science and
physics could lead to breakthroughs in
fields such as energy, transportation, and
medical research.

→ The growing demand for data scientists
and machine learning engineers will
require professionals to develop diverse
skill sets and adapt to new technologies.

Key Metrics: 74 quadrillionths of a second:​ the time it takes for a new chip to steer
light.​; 90 °C:​ the temperature at which the deep-​sea enzyme nitrogenase breaks
down.​; $3.​3 million:​ the award received by Worcester Polytechnic Institute to
investigate biological strategies for recovering valuable materials from industrial
waste streams.​; 74 femtoseconds:​ the time it takes for a beam of light to redirect
another beam using a meta-​surface made of nanoscale silicon pillars.
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1. How I Built a Multi-Agent System for Interrupted Time Series
Analysis (ITSA)

Category: Research
Departments: Computer Science, Industrial, Manufacturing &​ Systems Engineering, Mathematical

Sciences, Economics &​ Finance
Topics: Multimodal AI, Multi-​Agent Systems, Interrupted Time Series Analysis

Impact Score: 20.​0
Rubric Scores
Research Relevance:​ 4 Educational Value:​ 4 Innovation /​ Novelty:​ 3
Practical Impact:​ 4 Interdisciplinary Potential:​ 3 Ethical /​ Policy Implications:​ 2

A company's decision to launch a new checkout process was made without a properly
designed A/​B test, and later stakeholders asked about its effectiveness.​ Interrupted Time
Series Analysis (ITSA) is a method that can be used to estimate the effect of an intervention
when a randomized control trial is not possible.​ ITSA addresses limitations of pre-​post
comparisons by accounting for pre-​existing trends, seasonality, and autocorrelation.​ A
multi-​agent system was developed to implement ITSA, which provides a more accurate
estimate of the intervention's effect by comparing observed outcomes to a counterfactual
projection.
https:​/​/​towardsdatascience.​com/​how-​i-​built-​a-​multi-​​agent-​system-​for-​interrupted-​time-​series-​analysis-​i
t​sa/

2. How to Make Linear Regression Survive Outliers

Category: Research
Departments: Computer Science, Mathematical Sciences
Topics: AI Ethics &​ Safety, Robust Regression Methods, Outlier Detection

Impact Score: 20.​0
Rubric Scores
Research Relevance:​ 4 Educational Value:​ 4 Innovation /​ Novelty:​ 3
Practical Impact:​ 4 Interdisciplinary Potential:​ 3 Ethical /​ Policy Implications:​ 2

Linear regression models, specifically Ordinary Least Squares (OLS), have a weakness in
that they treat every observation as trustworthy, making them sensitive to outliers.​ Robust
estimators, such as Huber regression and Random Sample Consensus (RANSAC), aim to
mitigate this issue by reducing the impact of outliers on model fitting.​ A study compared the
performance of five robust estimators, including recent approaches like Adaptive Selective
Outlier Rejecting (ASOR), under various outlier contamination scenarios, evaluating their
prediction error and runtime.​ The estimators were tested to assess their statistical accuracy
and computational efficiency in situations where outlier statistics are unknown.
https:​/​/​towardsdatascience.​com/​how-​to-​make-​linear-​regression-​survive-​outliers/
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3. This deep-sea enzyme survives heat that destroys most
proteins

Category: Research
Departments: Biological Sciences, Chemistry &​ Biochemistry, Computer Science, Mathematical

Sciences, Metallurgical, Materials &​ Biomedical Engineering
Topics: Healthcare AI, Protein Structure Prediction, Enzyme Stability Optimization, Extreme

Environment Adaptation

Impact Score: 18.​0
Rubric Scores
Research Relevance:​ 4 Educational Value:​ 3 Innovation /​ Novelty:​ 4
Practical Impact:​ 2 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 1

Researchers isolated and studied the nitrogenase enzyme from the deep-​sea archaeon
Methanocaldococcus infernus, which enables nitrogen fixation under extreme conditions.​
The enzyme, found to be unusually resistant to heat, only breaks down at 90 °C and
remains partially intact at 98 °C.​ The team determined the molecular structure of the
enzyme at near-​atomic resolution, revealing it to be a simple yet combined form of the
molybdenum, vanadium, and iron-​only nitrogenase families.​ This discovery provides
insights into the evolution of nitrogenases and how they facilitate nitrogen fixation under
extreme conditions.
https:​/​/​www.​sciencedaily.​com/​releases/​2026/​09/​260918024810.​htm

4. Starting a Career in Data Science in the Age of AI

Category: Education
Departments: Computer Science, Mathematical Sciences
Topics: Enterprise AI, AI Ethics &​ Safety, Data Science Education

Impact Score: 17.​0
Rubric Scores
Research Relevance:​ 1 Educational Value:​ 4 Innovation /​ Novelty:​ 1
Practical Impact:​ 3 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 4

Data science and machine learning engineering have applications in various sectors beyond
software, including healthcare, government, and nonprofits.​ To succeed in the field, it's
essential to consider diversifying industries and gaining experience through internships or
reading job descriptions to understand role expectations.​ Data scientists have a
responsibility to educate colleagues on ethical data utilization and ensure safe applications
of machine learning.​ Key skills for data scientists include problem-​solving, recognizing
problem archetypes, and developing statistically rigorous answers.
https:​/​/​towardsdatascience.​com/​starting-​a-​career-​in-​data-​science-​in-​the-​age-​of-​ai/

Page 3

https://www.sciencedaily.com/releases/2026/09/260918024810.htm
https://towardsdatascience.com/starting-a-career-in-data-science-in-the-age-of-ai/


5. Recursive Self-Improvement: The Last AI Built by Humans

Category: Research
Departments: Computer Science, Philosophy, Political Science &​ Public Administration, Mathematical

Sciences, Engineering Education &​ Leadership
Topics: AI Ethics &​ Safety, Recursive Self-​Improvement, Autonomous Goal-​Setting,

Self-​Improvement Frameworks

Impact Score: 17.​0
Rubric Scores
Research Relevance:​ 3 Educational Value:​ 4 Innovation /​ Novelty:​ 2
Practical Impact:​ 3 Interdisciplinary Potential:​ 3 Ethical /​ Policy Implications:​ 2

Recursive self-​improvement (RSI) refers to an AI system's ability to improve itself and use
that stronger version to make subsequent improvements.​ Researchers have outlined a
theoretical framework for RSI, categorizing its levels, from simple improvements to
autonomous goal-​setting and self-​improvement.​ Several existing AI systems demonstrate
partial RSI capabilities, such as automating parts of the improvement loop, but none have
achieved full RSI.​ The development of RSI-​capable models could significantly impact future
AI development, enabling applications in various domains.
https:​/​/​www.​analyticsvidhya.​com/​blog/​2026/​09/​recursive-​self-​improvement/

6. Caltech's tiny new chip can steer light in 74 quadrillionths of
a second

Category: Research
Departments: Electrical &​ Computer Engineering, Computer Science, Metallurgical, Materials &​

Biomedical Engineering, Physics, Mathematical Sciences
Topics: AI Hardware, Optical Computing, Meta-​surface Design, Ultra-​fast Light Modulation

Impact Score: 16.​0
Rubric Scores
Research Relevance:​ 2 Educational Value:​ 2 Innovation /​ Novelty:​ 4
Practical Impact:​ 3 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 1

Caltech researchers developed a device that uses one beam of light to redirect another in
74 femtoseconds.​ The device relies on a meta-​surface made of nanoscale silicon pillars,
which amplifies the optical Kerr effect to change the direction of the light beam.​ This
approach eliminates the need for an electrical signal, allowing for much faster modulation of
light than conventional technologies.​ The researchers achieved light steering by angles of
up to 13 degrees using this design.
https:​/​/​www.​sciencedaily.​com/​releases/​2026/​09/​260918024823.​htm
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7. The shape behind the Einstein problem just revealed
strange new physics

Category: Research
Departments: Physics, Mathematical Sciences, Computer Science, Electrical &​ Computer Engineering
Topics: Multimodal AI, Optical Physics, Chiral Patterns

Impact Score: 15.​0
Rubric Scores
Research Relevance:​ 2 Educational Value:​ 2 Innovation /​ Novelty:​ 4
Practical Impact:​ 3 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 0

Researchers have discovered that structures based on the "Smith hat" mathematical shape
can create unusual chiral patterns with light, revealing new ways geometry can influence
optical behavior.​ The Smith hat, which solves the Einstein problem, was used to build optical
structures that produced diffraction effects unlike those seen in conventional quasicrystals
when illuminated with laser light.​ The structures' aperiodic arrangement caused the light to
display a chiral response, with the diffraction pattern changing depending on the direction
and polarization of the incoming light.​ This research could contribute to technologies that
manipulate light, control polarization, and support advanced optical devices.
https:​/​/​www.​sciencedaily.​com/​releases/​2026/​09/​260914102432.​htm

8. Scientists are about to test Einstein's gravity with exotic
matter

Category: Research
Departments: Physics, Mathematical Sciences
Topics: Science &​ Research, Quantum Gravity Measurement, Exotic Matter Experiments,

Equivalence Principle Testing

Impact Score: 15.​0
Rubric Scores
Research Relevance:​ 2 Educational Value:​ 3 Innovation /​ Novelty:​ 4
Practical Impact:​ 1 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 1

Researchers at ETH Zurich and the Paul Scherrer Institute are preparing an experiment to
test whether gravity affects all particles equally, using the muon, a heavier relative of the
electron.​ The experiment involves creating muonium, a neutral atom composed of a muon
and an electron, and measuring its gravitational interaction.​ To overcome previous
challenges, the team has developed a method to produce muonium atoms in a "cold" state
using superfluid helium, allowing for precise gravity measurements.​ This experiment could
provide the first test of Einstein's equivalence principle involving a second-​generation
particle.
https:​/​/​www.​sciencedaily.​com/​releases/​2026/​09/​260918024808.​htm
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9. Billions in rare earth elements may be hiding in America's
coal ash

Category: Research
Departments: Metallurgical, Materials &​ Biomedical Engineering, Computer Science, Mathematical

Sciences
Topics: AI for Sustainability, Bio-​inspired AI, Computational Modeling for Material Recovery

Impact Score: 15.​0
Rubric Scores
Research Relevance:​ 2 Educational Value:​ 2 Innovation /​ Novelty:​ 3
Practical Impact:​ 3 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 1

A research team led by Worcester Polytechnic Institute received a $3.​3 million award to
investigate biological strategies for recovering valuable materials, including silica, rare
earth elements, and critical minerals, from industrial waste streams.​ The team aims to
adapt natural processes used by diatoms, sea sponges, and plants to create lower-​energy
methods for breaking down silica-​rich industrial waste.​ Researchers will use advanced
computational modeling and artificial intelligence to design specialized biomolecules and
predict their interactions with silicon-​rich waste.​ The goal is to release trapped rare earth
elements and critical minerals and convert silica into useful products.
https:​/​/​www.​sciencedaily.​com/​releases/​2026/​09/​260918024759.​htm

10. Scientists find that "perfect" systems may be surprisingly
fragile

Category: Research
Departments: Mathematical Sciences, Physics, Computer Science, Engineering Education &​

Leadership, Industrial, Manufacturing &​ Systems Engineering
Topics: AI Ethics &​ Safety, Resilience Optimization, Network Stability Analysis

Impact Score: 14.​0
Rubric Scores
Research Relevance:​ 2 Educational Value:​ 2 Innovation /​ Novelty:​ 3
Practical Impact:​ 2 Interdisciplinary Potential:​ 4 Ethical /​ Policy Implications:​ 1

Physicists at Northwestern University developed a mathematical framework to determine
when variation in network components can make a system more stable.​ The study found
that many physical, engineered, and biological systems can become more resilient when
their components or connections are not identical.​ This challenges the idea that uniformity
is always the goal and suggests that introducing differences into a system could help design
more resilient technologies.​ The researchers also created a website to visually explore the
framework and adjust parameters to observe network behavior.
https:​/​/​www.​sciencedaily.​com/​releases/​2026/​09/​260919031022.​htm
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