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How to stay smart in the age of Al: the
science of critical thinking

There is growing concern that Al can blunt memory and reasoning. But science shows

ways to keep the brain sharp.

By Helen Pearson
Pearson (2026.9.23). How to stay smart in the age of Al: the science of
critical thinking. Nature 657, 873-875
nature.com/articles/d41586-026-02930-6
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Agentivism: a learning theory for the age of
artificial intelligence

.. * ~ .2 *
Lixiang Yan'" and Dragan Gagevi¢?

School of Education, Tsinghua University.

2Faculty of Education and School of Computing & Data Science, The
University of Hong Kong.

3Faculty of Information Technology, Monash University

Yan & Gasevic12026). Agentivism: a learning theory for the age of artificial
intelligence. Computers and Education. Artificial Intelligence, 11, 100684
doi.org/10.1016/j.caeai.2026.100684
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The Al Challenge

How College Faculty Assess the Present and
Future of Higher Education in the Age of Al
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The Al Challenge (2026.1)

AAC&U, Elon University (2026). The Al Challenge. 0|= i3t w4 1,0579, 20253 118 Z AL aacu.org/research/the-ai-
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"An LLM agent runs tools in a loop to achieve a goal.” AtO|H & 2|Z&(Simon Willison, 2025.9.18).
simonwillison.net/2025/Sep/18/agents
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Takeaways from a Workshop on Claude Code
and Canvas | Krish Ramkumar, Pauli Murray
28

Yale Poorvu Center. Takeaways from a Workshop on Claude Code and

Canvas
poorvucenter.yale.edu
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TWO IMPORTANT TIPS FOR RESEARCH MATH PROBLEMS

Tip #1: The default choice in ChatGPT/Claude is NOT the frontier model. Select (1) the best model and (2) max level of reasoning effort

Tip #2: by my own experience, ChatGPT Astra > Claude Fable = Other models.

USING Al FOR RESEARCH

Here is my talk at Purdue College of Engineering ThinkAl Initiative Workshop on June 9, 2026.

Xiangxiong Zhang. Al Tools (Purdue University)
math.purdue.edu/~zhan1966/aitools


https://www.math.purdue.edu/~zhan1966/aitools/index.html
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VIEW THIS ARTICLE AT PNAS.ORG

Proc Natl Acad Sci U S A. 2025 Jun 25;122(26):e2422633122. doi: 10.1073/pnas.2422633122 (7

Generative Al without guardrails can harm learning: Evidence from
high school mathematics
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Hamsa Bastani P!, Osbert Bastani %, Alp Sungu %2, Haosen Ge °, Ozge Kabakci ¢, Rei Mariman ®

Bastani et al. (2025). Generative Al without guardrails can harm learning:
Evidence from high school mathematics. PNAS 122(26)
doi.org/10.1073/pnas.2422633122
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W) Check for updates

OPEN A] tutoring outperforms in-class

N active learning: an RCT introducing
H T a novel research-based design in an
ES xC2 A authentic educational setting

- - Kestin et al. (2025). Al tutoring outperforms in-class active learning.

TYUEC otg Yol LA 7I=E 28l GAl HSLICH

Scientific Reports 15
doi.org/10.1038/s41598-025-97652-6
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Experimental Evidence on the Learning Impact of

Generative AI*

Zara Contractor German Reyes

Contractor & Reyes (2026). Experimental Evidence on the Learning
Impact of Generative Al
arxiv.org/abs/2607.08849
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OECD Digital Education Outlook 2026

Exploring Effective Uses of Generative Al in Education

OECD (2026). OECD Digital Education Outlook 2026: Exploring Effective
Uses of Generative Al in Education, pp. 14, 23
oecd.org (doi:10.1787/062a7394-en)
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"Al may improve performance while reducing
learning.” APA Expert Report on Children’s
o and Adolescents’ Learning With
X, AZE, SO|= &9l =7t ofLlL|Ct. &t )
CiZ, “Ef’ > l': el f 17h oFeiLIty Educational Technology

SEPTEMBER 2026

APA (2026.9). Children's and Adolescents’ Learning With Educational
Technology
apa.org/pubs/reports/children-adolescent-learning-educational-
technology
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The Impact of Generative Al on Critical Thinking: Self-Reported
Reductions in Cognitive Effort and Confidence Effects From a
Survey of Knowledge Workers

Hao-Ping (Hank) Lee Advait Sarkar Lev Tankelevitch
Carnegie Mellon University Microsoft Research Microsoft Research
Pittsburgh, Pennsylvania, USA Cambridge, United Kingdom Cambridge, United Kingdom
haopingl@cs.cmu.edu advait@microsoft.com levt@microsoft.com
Ian Drosos Sean Rintel Richard Banks
Microsoft Research Microsoft Research Microsoft Research Cambridge

Cambridge, United Kingdom
rbanks@microsoft.com

Cambridge, United Kingdom
serintel @microsoft.com

Cambridge, United Kingdom
t-iandrosos@microsoft.com

Nicholas Wilson
Microsoft Research
Cambridge, United Kingdom

Lee et al. (2025). The Impact of Generative Al on Critical Thinking: Self-
Reported Reductions in Cognitive Effort and Confidence Effects From a
Survey of Knowledge Workers. CHI 2025
doi.org/10.1145/3706598.3713778
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Your Brain on ChatGPT: Accumulation
of Cognitive Debt when Using an Al
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SSIStant 1or =Ssa ring 1as
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Nataliya Kosmyna ' Eugene Hauptmann Ye Tong Yuan Jessica Situ
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Cambridge, MA Cambridge, MA Wellesley, MA Cambridge, MA
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https://www.aitimes.com/news/articleView.html?idxno=171515
https://arxiv.org/abs/2506.08872
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Commentary on Kosmyna, N., Hauptmann, E., Yuan, Y. T., Situ, J., Liao, X.
H., Beresnitzky, A. V., ... & Maes, P. (2025). Your Brain on ChatGPT:
Accumulation of Cognitive Debt when Using an Al Assistant for Essay
Writing Task. arXiv preprint arXiv:2506.08872

| chatat = aﬂwl Toy AP0 =W WALICH 222

E'-l E%\_I-l O-I Ol: OH:'l- = |-k| 7|‘X| x| JEII (l)=l L'l E'l-- Milo§ Stankovi¢'.2", Ella Hirche2+, Sarah Kollatzsch2*, Julia Nadine Doetsch?

Department of Clinical and Health Psychology, Faculty of Psychology, University of Vienna,
Vienna, Austria
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L|C}

kot 2M J|F0| REELICE 'Folst HZE'0| Azt #HE}O

X| EEh XHO|AX| 2HBIX| S&LICE
Aot Y2tE|X] erELICE HIEF CHHO M= LLM RIEe| &
20| 23|23 o BASLICE

HEl Z0r Ao &K gi= 20| A, BAe| £E O

EES N
F =2 BF S5 dA HYULCL "= 7F YIHRICHTE OfL|2t =8 S ol WS+ B Zo{E = AUCH= ofjH] A
S =2 gLt

20


https://arxiv.org/abs/2601.00856

11 XRZFSiC}

=1 "1 L=

l APPLIED|
l COGNITIVE PSYCHOLOGY &%

SPECIAL ISSUE ARTICLE

Understanding why searching the internet inflates confidence
in explanatory ability

Emmaline Drew Eliseev, Elizabeth |. Marsh &4

First published: 11 March 2023 | https://doi.org/10.1002/acp.4058 | .~ VIEW METRICS

Eliseev & Marsh (2023). Understanding why searching the internet
inflates confidence in explanatory ability. Applied Cognitive Psychology
37(4)
doi.org/10.1002/acp.4058
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Evidence and resources > Teaching and Learning Toolkit > Metacognition and self-regulation
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Metacognition and self-regulation

High impact for very low cost based on extensive evidence

EEF Teaching and Learning Toolkit. Metacognition and self-regulation: H|E}
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Evaluating AI Tutoring at the Speed of Innovation:
Practitioner-Led Micro-Randomised Trials of an Al Tutoring
Platform in GCSE Science

Wayne Harrison', Rahil Khowaja', Emma Dobson!, Germaine Uwimpuhwe®?, and Steve

Higgins*!2

What Worked Education
Durham University

Harrison et al. (2026). Evaluating Al Tutoring at the Speed of Innovation:

Practitioner-Led Micro-Randomised Trials of an Al Tutoring Platform in
GCSE Science
arxiv.org/abs/2609.14789
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Distinguishing performance gains from learning
when using generative Al

21

. e * - .
Lixiang Yan'", , Dragan Gasevic¢

Samuel Greiff®, Jason M. Lodge®

Faculty of Information Technology, Monash University, Clayton,
Victoria, Australia.
2School of Social Sciences and Technology, Technical University of
Munich, Munich, Germany.
3School of Education, The University of Queensland, Brisbane,
Queensland, Australia.

Yan, Greiff, Lodge & Gasevic12025). Distinguishing performance gains
from learning when using generative Al. Nature Reviews Psychology 4,
435-436
nature.com/articles/s44159-025-00467-5
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Computer Science > Cryptography and Security
[Submitted on 10 Dec 2023]
A Representative Study on Human Detection of Artificially Generated Media Across

0=, =Y, &= 3,002F0[A A7} 2= =, O[0[X|, 2 Countries
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Computer Science > Computation and Language
[Submitted on 23 Sep 2023 (v1), last revised 16 Oct 2026 (this version, v3)]

Measuring Al "Slop" in Text
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Ol 0| M EJ} e5t= &=Al: Agent Loop 6EHA|
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1S58 4| ZAuE Bh=Ch AKX Fel X gb=Ct "0 ofA AREHLS M =2 E2(g”
2 A= FAE oC|M &X| =M E WL} 2 FH TS 2|10 st=X|et 7|RIEE I EL}
34H EE Yoot Mol & StaEXoM M =22 221 Qofpirt
4 A3t stol  ZHO| H=X| CHA| 2.t EZE0| /=X, DOIZ} E2|=X| &elstrt
5 1X|7] DXjetH B S HHR CHA| SfCt A20| glo™ CIZ Z(OpenAlex, KCI)OllAl &0} CHA| D 2Lt
6 E1 Aot H2 EHE Yct 0850 MY LS. T2 AR 'YE A LUR'ZE HA|

- g [3 2] o This i | think “agent” may finally have a
ACHA|Z of|o| M Eof| ATt 2ty | H g X238 AI|E =XIL| LT AL ey N TSR Ty Gl e e el ol
— — - 4oL =2 = S -d agreed upon definition to be useful jargon now be useful jargon naw by Simon Willison,
o o |_ - ' " o ‘ a h i Ke: I - posted on 18th September 2025,
ve noticed something interesting over the past few weeks: I've started using
E'l-. l 0 -I l l 13 835 = _T,_ E —?—E — 0 ]I|_:| O | (A)A-l [ E-I D-” the term “agent” in conversations where | don't feel the need to then define it, definitions 54 ai 2278
roll my eyes or wrap it in scare quotes.
i 1 lims 1982
OI o 4 AI_O Q,I'A | |- I‘ |.L o }E* |O‘I A | |- . generative-ai 2016
= —_— —_— —_— Th bi f | character devel tf |
=0T o9 _E =] L_ E_ =% O I_H A-I = A = O o= L_ E_ . is is a big piece of personal character development for me e s

Moving forward, when | talk about agents I'm going to use this:
Next: Clauds Sonnet 4.5 is probably the

"best coding model in the world" (at least

An LLM agent runs tools in a loop to achieve a goal.

"An LLM agent runs tools in a loop to achieve a goal." A0
M 212|2(Simon Willison, 2025.9.18), 6CtA F+£: Q40| H|=
L|A(Udemy Business) (& 213)
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The Anatomy of an Agent Harness

Vivek Trivedy
March 18, 2826

12 min

Trivedy (LangChain, 2026.3.10). The Anatomy of an Agent Harness. "If
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Anthropic (2024.12.19). Building effective agents. Orchestrator-workers: "a
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laudeO||A| 'At= %H7| EfeH 'QoF EfcH '
IR ’ teEe =B Create and use specialized Al subagents in Claude Code for task-

specific workflows and improved context management.

=O X 7} olpjl OB O Oz oi2t| &= T o
o T2 H AXAY| Lol ERe AR 202 W] & Claude Code Docs. Create custom subagents. "Each subagent runs in its
MOlL|C} own context window with a custom system prompt, specific tool access,
N Ll ot o and independent permissions."
o OiA! H2|= StLIQILICH Z2 2E 2 H|Tt 20| A{ HJ code.claude.com/docs/en/sub-agents
<ot 2 & AsLCt


https://code.claude.com/docs/en/sub-agents

o] OIO|HE @ o] ZES &

MZ CIE LLM2 ot Bl 2 &LICL AL, St XAt RE LLM Council

El'% E%%obl L—l El'_ © @ @ localhost:3000/llm-council * D @

LLM Councile| of LLM Council

Your Local Multi-Model Al Advsory Board.

1. 22 HEE2 GPT, Gemini, Claude, Groko|
2b2t R}
2. 0|5 712l tf M2l B2 HWotstn £2(E
O 2L T
3' 9— él- EI:élol EOl-A-I El% Eb’ll-% %L—l E—l' The idea of this repo is that instead of asking a question to your favorite LLM provider (e.g. OpenAl GPT%‘I.GoogIe

Gemini 3.0 Pro, Anthropic Claude Sonnet 4.5, xAl Grok 4, eg.c), you can group them into your “LLM Council”. This repo
is a simple, local web app that essentially looks like ChatGPT except it uses OpenRouter to send your query to multiple
LLMs, it then asks them to review and rank each other's work, and finally a Chairman LLM produces the final response.

Karpathy, A. llm-council (GitHub). ZH8 X7} thol CH2 F2of| THE Ay T2 )
EgiL|ct
github.com/karpathy/llm-council
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Sangho Lee ..Follow M minread - Oct26,2026
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techblog.musinsa.com
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SLME 7|5
A= = ALChH

OO|MES et 2|At CEEdoh et QlE PRO| St} &M X| 7|7
SOt IES AHEO| §{10 AESt=2f A|ZH0] ZRISL|CE OfA| ssccncon (IEITENIDD
AMEES M= &0 HCF l= &0 0f| A akalL|Ct. Harvard Stud?r: Al Coding Agents Lift
Code 30%, Shipped Output Flat
® HE dLHo| SRSLI? AlEho| MZpoh= O] A= AIZE2 & Al Weekly (2026.10.12). Harvard Study: Al Coding Agents Lift
L7 Code 30%, Shipped Output Flat

It
@ MBI HA/SH= "AD HESHI|'E

SHHE A3 Zl(Fiona Chen, James Stratton),
Firm: Bottlenecks in Software Production,

AIIE
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aiweekly.co/alerts/harvard-study-ai-coding-agents-add-30-
code-flat-shipped-output
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o LR HMETIR |AZL RH7| & =78 MHEN £ .
H =T Fok =l A2t K71 T o Where is all the new, good software?
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E
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o 72Xl otE LS O ofX| 10 E YUst= O] 2201
Here's a question we see, especially from AI skeptics: if AI coding is so great, shouldn't
= b i . d soft b ?
LIHX|: {3 7|:|F-+-, 1= HZo| 7|5 7|_, olEinl \ ATEQ 02 t.':l'ofﬁ?:!, we be seeing more new, good software by now
AILH 2901 A= OE, M1 HE|[= ATEQ, JWMELH |2 2tE7|, A Nate Meyvis (2026.10.13). Where is all the new, good software?
EgQlojE o & natemeyvis.com/where-is-all-the-new-good-software
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1. claude.com/download 0l|A| Claude H|AZE
MKl (macOS, Windows)
2. BtO Al Claude AIMSZ 219 — Code
3. Li2{&2 Al 00| ME &5 S MEH
4. AS 0X[7] Mo| 2= 7|2 #Het = A&
HASE o okl Claude Code?t S0f 210{ T}z Mx|3tx| @ote EL|ct
(VS Code HHOZE £ £ UZ). R #5(Pro, Max 5)0| Z#tL|Ct
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{m_m%_ﬂd 42|/ CLAUDE.md, HEH 2 JtAl.md
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03 HAEH S/ Aside Xl Al = .md

AoiIM 2 Ma(stilA)S =Y A2 He= ALt

ChatGPT O|2#0|™ OpenAl CodexZE &L|C} &
2 ZL0|M X[ & oY 0| S8F AGENTS.md = HHHH
EILICH Xt X2 BE E0f /JUSLICY.

Al Of|0|ME A& E LH2{87]: janggoons.github.io/knu-edu-ai-agent-2026, Claude Code A code.claude.com/docs
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3. Settings > Models > Providers > Connect —
Subscription — Claude Subscription — &0l A

Claude 22129l

4. settings > Models > Task models A 7|2 BEIZ

Claude= T = ChatGPT Plus, Pro, GitHub Copilot
5. Xt Hot2 Read only 2 A% API 7|. OpenAl, Google(Gemini), xAl, OpenRouter S

Aside 2H|0|X], =2 docs.aside.com. A4 AEFE A (Aside Computer, Y Combinator)2| MEQIL|C}.
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Anthropic Education Report:
How educators use Claude

Aug 27,2025
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Anthropic (2025.8.27). How educators use Claude
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Niederhoffer et al. (2025), HBR, BetterUp Labs. X7| &
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Al-Generated “Workslop”
Is Destroying Productivity

by Kate Niederhoffer, Gabriella Rosen Kellerman, Angela Lee, Alex
Liebscher, Kristina Rapuano and Jeffrey T. Hancock

Niederhoffer et al. (2025.9.22) Al-Generated "Workslop" Is Destroying
Productivity, Harvard Business Review
hbr.org/2025/09/ai-generated-workslop-is-destroying-productivity
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Computer Science > Artificial Intelligence
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Science or Slop?: Benchmarking and Mitigating Scientific Slop in Al-Generated Papers
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ﬁ * Building effective agents
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Anthropic Engineering (2024.12.19). Building effective agents. anthropic.com/research/building-effective-agents
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@
CHROMA TECHNICAL REPORT
July 14, 2025

Context Rot: How Increasing Input
Tokens Impacts LLM Performance

Hong, Troynikov & Huber (Chroma, 2025.7.14). Context rot: how
increasing input tokens impacts LLM performance.
trychroma.com/research/context-rot
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Pe Chroma X

@trychroma - Follow
Introducing our latest technical report: Context Rot - How
Increasing Input Tokens Impacts LLM Performance

Our results reveal that models do not use their context
uniformly.

full report in replies

- I- Watch on X

4:04 AM - Jul 15, 2025 ®

@ 896 @ Reply (2 Copylink

Read 39 replies

Chroma, X (2025.7.15),
x.com/trychroma/status/1944835468551708905
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@cognition - Follow

We're sharing more about how we engineer agents.

@walden_yan on why you shouldn't build multi-agents &7

Don’t Build
Multi-Agents

Walden Yan

3:35 AM - Jun 13, 2025 ®
@ 517 @ Reply (2 Copylink

Read 26 replies

Cognition, X (2025.6.13)
x.com/cognition/status/1933231770851553292

Careers
Research

Don't Build Multi-Agents

| Blog

Walden Yan (2025.6.12). Don't Build Multi-Agents.
cognition.com/blog/dont-build-multi-agents
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How | Use Cursor

Q7 1270 Q 2.38 il 568 A&

| need to get something off my chest. Before my interview @cursor ai, |
had never actually used Cursor.

At Meta, Claude Code was explosively taking off. | even paid for a
personal $200 a month plan for my side projects. | loved how simple it
was, and how quickly | could feel productive. The sticking point for me
was in developing my own set of skills that turned cc into almost
anything | wanted. | even started developing my own agent orchestrator

tool on top of it.

.l

SEDNEE

@

ol

Lauren Tan, X (2026.5.25). "How | Use Cursor"

x.com/poteto/status/2058975157503570132
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The magical number 4 in short-term memory: A

@ Access
- — reconsideration of mental storage capacit

A}Enll-_o’l ?—*ﬁl !\ajﬁ Publ\shedonh:ebyCambr\ldge University Press: 300ctober2001g p I y ﬁi
of I:Ho“ |:|-|EI_+_0“ Exl-ol. % A Ol J{2 OF 4l.'.-|0-|
= = A = T M A A To Cowan, N. (2001). The magical number 4 in short-term memory: A
E_| reconsideration of mental storage capacity. Behavioral and Brain

Sciences, 24(1)
doi.org/10.1017/S0140525X01003922

Off O] E CHAI[A|l 27| CHE &2 71 ALEO0| O ©

otAIE G gLt


https://doi.org/10.1017/S0140525X01003922

D-5 H|ZA HE R 29
(% Jommadoit X

Claude Academy is now live.

Whether you're figuring out what Al is or already using
Claude every day, there's a path that meets you where you
are. The courses and tutorials are free and open to anyone
at academy.claude.com

Watch on X

How do | us¢ Je for|

4:17 AM - Aug 21, 2026 ®

@ 386K @ Reply (2 Copylink

Read 514 replies

Claude, X (2026.8.21),
x.com/claudeai/status/2090518650251804742

e Claude Academy &Lt REE == 2
o| EER|Y (2026.8 27H),
academy.claude.com

e Anthropic Academy 7HZXIE Claude
Code 101, MCP, O] HE AZ &

e OpenAl Academy ChatGPT, Codex Z2|,

academy.openai.com
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Ct
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Codex:= OpenAlZ} BH= 00| M EQIL|CE. Claude CodeME

L 2ol S 11 tE1D DELICE X2 ChatGPT oA

3= A 20l S0 ASLICE

1. ChatGPT A3 E ¥ MX| (macOS, Windows=
Microsoft Store, Linux)

2. ChatGPT AIMC =2 2119l
MIEZzHEE QtS7{LT SO €7] - Al O[O|ME &5 &
B /2t

4. =% ofzlf Hot2 Ask for approvalZ F11 A}

Free, Go, Plus, Pro, Business, Edu, Enterprise R =H[0fl Codex7t Z&HE!IL|C}.

LEMOICHS 4= A= 0| CHELIC

OpenAl Codex A learn.chatgpt.com/docs

At 1| £

o Ask for approval 20 8 I, QIE{4I2 OitH 27| (A
Sl 0]%)

e Approve for me &[4l H0|= SETE =7
e Full access 2X| &1 D=5 &
e Custom config.toml Ofl Aot CHE

E{0['20] 2j=5tH

curl -fsSL https://chatgpt.com/codex/install.sh | sh
cd ATHIOIMEA S/01_W=s_HEEH L
codex # J2 A [ Sign in with ChatGPT

macOS, Linux @ QIL|Ct. WindowsE= HIATIE HS HetL|Ct
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ah (3) 0|2 HFRLT| (A Al Claude Code Codex
W HEF XM2|  cLAUDE.md + Bt & XA AGENTS.md + Z2 X|A|
Tt Al EE (@) EA o)
21 28 E02 cLaupE.md S ol AGENTS.md A 22|l CLAUDE.md , 2&=Xl.md AGENTS.md , 2t&/Z=Hl.md
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project doc_fallback filenames = ["CLAUDE.md"]
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