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2.1 OVERALL PERFORMANCE TRENDS | TECHNICAL PERFORMANCE | Al INDEX REPORT 2026

Select Al Index technical performance benchmarks vs. human performance
Source: Al Index, 2026 | Chart: 2026 Al Index report
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The radiologist paradox
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Sources: CMS Provider Data Catalog (National Downloadable Files), endpoints 30,723 (2014) and 36,024 (2023) per Rosenkrantz et al,, AJR 2024: Medscape Physician Compensation Reports 20162026, Apollo Chief
Economist
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OeTiIkN €nidpaon*

« MeyoaAUtepn toxUTnNTa oLyypodn G KWSIKA, oA
Tautoxpovn av&non oguvBetotntog (He et al,,
2025)

« AUENON TTOPAYWYLKOTNTOC, OAAO OE VEQ €pPYQ Ol
epyalopevol eixav 20% pkpOATEPN TTIBOVOTNTA
Vo ETIlVOr|gouv owateg AVOELG (Dell'Acqua et al.,
2023)



ApvnTiKNn €nidpaaon

* Evw Ol TIPOYPOUPATIOTEG EKTIHOVTAV OTL N
xprijon NMTN Ba guvtOpEvE Tov XPOVO
OAOKANPWANC Tov €pyov kKata 20%, atnv Tpaén
OTOSELXTNKE OTL N EVOWNATWATN GUOTNHATWY
NTN emEPEPE XPOVIKA KaBuaTEPNan tTnG TA&NC
Tov 19% (Becker et al.,, 2025)



ApvnTiKNn €nidpaaon

* MpoBANUATIKN OLUVEPYELD AVOPWTIWVY -
gvatnuatwv MTN (Bean et al., 2026)

oAvtovoua, ta guotnuota MNTN gixav akpiBeia 95%
g€ Slayvwan

o'Otav ta idla gvotnuata MNMTN xpnolpomnoridnkav
yla Stayvwan amo avepwTouc, N akpiBela
MEWWONKE ato 34%



ApvnTiKNn €nidpaaon

« To emineSo avtopatomoinang epyoaaoiog amo
omtootoan (RLI) pE TTPAKTOPECG AVEPXETAL TTO...
2.5% (Mazeika et al., 2025)

« ATtoTEAETUOTO 0ELOAOYNONC EHOPHOYIC TIRPOKTOPWV
oo 9 guaTNUATO ALXUNG € EPYA TPOTECIKWV
emtevbuoewyv (Lau et al., 2026)

o To TOOOOTO ETITLXIOC TWV guaTNUATWY Ntav < 50%
o OL Tpameliteg a&loAoynaav tov Babpo ETOLPOTNTOC TWV
TIPOTATEWV YlO ameVOELlaC TTapadoan g€ TTeEAATEC HE...0%
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Large Language Model Performance and Clinical Reasoning Tasks

Aryas Hao BA; Kaiz P Esmail, B Richard 5 Les, 85; Sharon liang, BS. MEng; Sanca Avama Carlo; laskeen Gill, M5; Praneet Kharma, SLA; Ezra Kalmowtiz, MBE
Bastle Montagnese, BE; Kimia Heydari, 84, Qo liag, &5; Ethan Sott, 35; Dan Nguyen, 85: Grace Wang, B5; Michael Hood, WD; Adam B Landiman, M, Marc 0 Suco, MO

Abstract

IMPORTANCE Large languaspe models (LLMS) are increasngly marketed for clinieal e, ye Lt
abiiny tereplicate Jull-spectrum cinical reasening remains uncertan, Existing evabuations oftan rely
o imultiple-chicie e scrinations that do not reflect e comalesity of patient cars.

OBJECTIVES To-evaiiate the longitudingl clinical reasonmg abisty of state-af-the-art LLMs nd 1o
introduce a multidirengional, clinically imaarogdil benchemark far clinicalgrade stficial
intelEgence (AL

DESIGN, SETTING, AND PARTICIPANTS I thés cross-sectional study, performance was evaliated
1sing stanclarnized clinical vigrettes fram the Jamary 2025 update of MSD Manisl vignettss, A lotal
of 3 sfi-the-shell LLMs, including recently feleased GPT-5, Claude 4.5 Opus. Germing 3.0 Flash and
Pro, ared Grok 4, were evaluatsd. Medek were e by mesdical student scorers in triplicate
acraad segueritial stames af the standand dinical workllow, Analyies wene performesd fram Januarny 1o
December 2025,

MAIN OUTCOMES AND MEASURES The primary outeame was the Propartional indes of Medical
Ewaliiation far LLMS {PAIME-LLI) doore, defined & the naiakied polygains sresrearesenting
balaneed aceuracy acress 5 domains of clincal reasanig as fefiovws: differential disgross, Sagnostic
testing, final diagpass, management, and mscellareous clinical rassaning questions. Analyses
ligliichinig anslydes af variancs, P leds snd regrestion models weie used to compae Al madel
perfarmance and demographic asseclations

RESUILTS LLMs wete tested seross 29 clnical vigraties (répresenting 36 254 respenses in botal).
PrIME-LLM scares ranged fram 0.64 (range, 0.63-0063) {Gamini 15 Flagh) 10078 (range, 077-0.79)
(Grak 4}, with reasoning-sptinized modes adtperfonmng nonieasoning modek and GPT model
senrtig highest overall Differential dagn oo wes bes seeurste than diognostic testing, while linal
disgnass, marsgament, and Misoslaneows FeAOEn T were iMore accirate. Faluré rates exesdad
080 {range, 090-1.00) for differential dagnosis in s modess but were less than 040 frange. 0:03-
030} for Minal dhagnass, Multimodal performaiioe wis rabust; nost LLM model showed improved
accuracy with image inputs.

COMCLUSIONS AND RELEVANCE I thi crosd-sectionad study af 21 LM, Trartier LIS schigved
Fegh aeruracy on fins disgreses bt performed poarly i generating defferential diagneses and
Favigatiing urcertanty relative 1o olher reasaning stages. The PIME-LLM lramewodh prosded
preater separatian than raw acouracy, revesing crtical reasaning gaps obseused by traditional
benchisarks Thus, despels version- besed imgrovements ard advan1ages in resoaing-aptinesd
ek, off-the-shell LLMs have mot yet schieved the (ntelligence reguired for safe deployment and
rernain limited i demsanstrating advanced clinical reasaning.

AANrA Notwork Opon, 2076-S04):e264003. doz

lanmanuwo oo i 200 68003

%1 Opan Actess. Thisis an pan acoess artci datributad undar the terms af the CC8Y Licewa.

Key Points

Quiestion Can alf-the-shell large
anguage madels (LLMs} demorsirats
refiable perfarmance acrass the cincal

wearkdlow?

Fiinings In this cross-sectinnal study of
21 frantier LLMs tested on 29
stardardired cirical vigrettes, Grok 4
and cther reasaning-optimieed models
achisve the highest scores, while
Gemirs LS Flash perfarmed lowest
Differential diagnesis consistently
showed the weakest perfarmance, while
firal disgrises and management kad
stremper performance.

Meaning These lindings suggest that
despite progress, curent LLAs reman
Emied in ey diagnestic reasonng and
cannat yet be reled on for snsuperased
patienl-facng clnical decisicn-making.
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Large Language Model Reasoning Failures

Peiyang Song ™’ psongiicaltech. edu

Clalifornia Institute of Technology. Stanford University

Pengrui Han * barryhanGcarleton. edu

Carleton College

Noah Goodman

Stanford University

Reviewed on OpenReview: https://openreview. net/forum?id=vnk1WHimz

Abstract

Larpe Language Models (LLMs) have exhibited remarkable reasoning capabilities, achieving
impressive results across a wide range of tasks. Despite these advances. significant reasoning
failures persist, occurring even in seemingly simple scenarios. To systenn, - . -
and address these shortcomings, we present the first comprehensive

to reasoning failures in LLMs. We introduce a novel categorizati
distinguishes reasening into embodied and non-embodied types, with
subdivided into informal (intuitive) and formal (logical) reasoning. Iu par;

soning failures along a complementary axis into three types: fundament
to LLM architectures that broadly affect downstream tasks; application-
that manifest in particular domains; and robustness issues characteriz
performance across minor variations. For each reasoning failure, we provid
analyze existing studies, explore root causes, and present mitigation st
ing fragmented research efforts, our survey provides a structured persy
weaknesses in LLM reasoning, offering valuable insights and gniding futu
building stronger, more reliable. and robust reasoning capabilities. We ad
comprehensive collection of research works on LLM reasoning failures, o
tory at https://github.com/Peiyang-Song/Awesome-LLM-Reasoning-Fa
an easy entry point to this area.

[cs.AI] 2 Apr 2026

1687v3

2

wXiv:2603.

r
C

ngoadman stanford. edu

Mirage: The Hlusion of Visual Understanding
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Abstract

Multimodal AT systems have achieved remarkable performance across a broad range of
real-world tasks, vet the mechanisms nnderlying visual language reasoning remain surpris-
ingly poorly understood. We report three findings that challenge prevailing assumptions
about how these systems process and integrate visual information. First, Frontier mod-
els readily generate detailed image descriptions and elaborate reasoning traces, including
pathology-biased elinical findings, for images never provided; we term this phenomenon mi-
rage reasoning. Second. without any image input, models also attain strikingly high scores
across general and medical multimodal benchmarks, bringing into gquestion their utility and
design. In the most extreme ease, our model achieved the top rank on a standard chest X-
ray question-answering benchmark without aceess to any images. Third, when models were
explicitly instructed to guess answers without image aceess, rather than being implicitly
prompted to assume images were present, performance deelined markedly. Explicit guessing
appears to engage a more conservative response regime, in contrast to the mirage regime
in which models behave as though images have been provided. These findings expose fun-
damental vulnerabilities in how visual language models reason and are evaluated, pointing
to an urgent need for private benchmarks that eliminate textual cues enabling non-visual
inference, particularly in medical contexts where miscalibrated Al carries the greatest con-
sequence. We introduce B-Clean as a principled solution for fair, vision-grounded evaluation
of multimodal Al systems.
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Science News from research organizations

This Al knew the answers but didn’t understand the ques-
tions

Date: April 30, 2026
Source: Science China Press

Summary: For decades, psychologists have debated whether the human mind can be
explained by one unified theory or must be broken into separate parts like
memory and attention. A recent Al model called Centaur seemed to offer a
breakthrough, claiming it could mimic human thinking across 160 different
cognitive tasks. But new research is challenging that bold claim, suggesting
the model isn't truly “thinking" at all—it’s just memorizing patterns.

Share: § ¥ P in &

RELATED TOPICS FULL STORY

Mind & Brain

> Intelligence

> Language Acquisition
> Child Development

> Literacy

Computers & Math

> Statistics

A cutting-edge Al model that appeared to mimic human

> Arificial Intelligence thinking may actually just be memorizing answers. New
‘ tests reveal it struggles with true understanding, exposing
> Computer Modelin : g 3 : 5

P E R S P E(‘ T l V E National Science Open

5: 20250053, 2026
https=//doi.org/10.1360/ns0/20250053

Can Centaur truly simulate human cognition? The fundamental
limitation of instruction understanding

Wei Liu' & Nai Ding'*”

Key Laboratory for Biomedical Engineering of Ministry of Education, College of Biomedical Engineering and Instrument Sciences, Zhejiang
University, Hangzhow 310013, China;
*State Key Lab of Brain-Machine Intelligence, MOE Frontier Science Center for Brain Science & Brain-machine Integration, Zhejiang
University, Hangzhow 310013, China

*Corespondiag outhor (email: ding sauin zpa edu.cn)

Recerved 16 September 2025; Revised 18 November 2025; Accepted 5 December 2025; Published online 11 December 2025

Traditionally, in psychology, the human mind is divided into modules, such as attention and memory, and
each module or submodule, such as top-down attention or working memory, is separately studied and
modeled. Whether the human mind could be explained by a unified theory remains unclear. Recently, Binz
et al. [1] made an important step toward building a unified model, i.e., Centaur, that can predict the human
behavior in 160 psychological experiments. Centaur is built by fine-tuning a large language model (LLM) on
cognitive tasks and its performance can generalize to held-out participants and unseen tasks, leading the
authors to conclude that a single model may comprehensively capture many aspects of human cognition.
Although Centaur has reached remarkable performance and provides a valuable tool for cognitive research, it
is well-known that LLMs often achieve high performance on fine-tuned tasks and similar tasks by exploiting
subtle statistical cues that may even be unnoticeable to humans [2,3]. In other words, the high performance of
fine-tuned LLM is sometimes the consequence of overfitting.

To reveal whether the high performance of an LLM is attributable to overfitting, one method is to test
whether the LLM performance reduces to the chance level when the input to LLM no longer contains
information necessary to perform the task [4,5]. If the LLM still performs above the chance level after crucial
information is removed, it is evidence that the LLM bypasses task instructions and directly infers the results
based on superficial statistical cues in the answer. The input to Centaur included two parts. One part is the
task instruction and the other part is the procedure text. A recent study has shown that the performance of
Centaur remains much higher than the baseline cognitive models when the crucial information is removed
from the instruction [6]. It remains possible, however, that Centaur successfully infers the task instruction
based on the remaining instruction and the procedure text. Therefore, we tested three conditions that either
completely removed task information or replaced the task instruction with a misleading instruction (Figure
la).

We tested Centaur on three conditions.
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Anthropic and Teach For All launch
global Al training initiative for educators

Jan 21, 2026
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A school where kids crush academics in 2
hours, build life skills through workshops, and
thrive beyond the classroom.

Campuses in Austin, San Francisco, Miami, LA, Washington DC, Dallas, and other metropolitan

areas—and more locations launching soon.
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Ministers to trial Al tutoring in England’s schools

Government claims pilot ‘could support up to 450,000 children a year on free school meals to
access one to one tutoring'

Freddie Whittaker

G) 3minread | 26 January 2026, 10:30 pm
More from this author
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Do Al chatbots improve students learning
outcomes? Evidence from a meta-analysis

British Journal of =
Educationai Teshnotosy d BER A

Gikoglu, S., & Erdogdu, F. (2025). The effects of GenAl on learning performance: A meta-analysis siudy. Educational
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The effects of GenAl on learning performance: A meta-analysis study
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Effects of Artificial Intelligence on Educational Functioning:
A Review and Meta-Analysis
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Exploring the impact of generative artificial intelligence on
students’ learning outcomes: a meta-analysis

g

Yinkun Zhu' - Qiwen Liu' - Li Zhao'®

Received: 23 September 2024 / Accepted: 28 January 2025 / Published online: 26 February 2025
@ The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature
2025

Abstract

Generative artificial intelligence (GAI) has brought new ideas for optimizing stu-
dents’ learning. Despite increasing attention on the effects of GAl on learning out-
comes (LO), research results are inconsistent. While GAl's educational benefits
are qualitatively described, there is substantial debate about its actual impact on
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Abstract The impact of generative artificial intelligence on students’ E=0-347}~ and in-
Burgeoning integration of Al into educational settings could have higher order thinking: Evidence from a three-level meta- al types have no
tions for students’ performance. This systematic review and meta analysis howing significant

the effects of different types of Al and four levels of learning—co
utilization, meta-cognition, and psychological functioning—yie
with 464 effect sizes that met criteria for inclusion. Al had large
cognition, r=0.530. p<0.001 [95%C1:0.447 to 0.613] and psycl|
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*¥4... it Iis crucial to highlight that most

reviewed studies did not explicitly
state whether ChatGPT was
e permitted during post-intervention
assessments. This implies that the
quality of ChatGPT’s output is not
Does ChatGPT enhance student learning? A systematic review and /%= di Sti n gU i S h e d f rom th ee f f ECt (0] f th e
meta-analysis of experimental studies I' n t e rv e n t i O n it S e lf" p ] 1 8)

Ruigi Deng ™ , Maoli Jiang ", Xinlu Yu", Yuyan Lu ", Shasha Liu"

Computers & Education
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ARTICLE INFO ABSTRACT

Keywords: Chat Generative Pre-Trained Transformer (ChatGPT) has generated excitement and concem in
Teaching/learning strategies education. While cross-sectional studies have highlighted correlations between ChatGPT use and
Improve classroom teaching Iearning performance, they fall short of establishing causality. This review examines experimental

Elementary education
Secondary education
Post-secondary education

studies on ChatGPT's impact on student leamning to address this gap. A comprehensive search
across five databases identified 69 articles published between 2022 and 2024 for analysis. The
findings reveal thar ChatGPT interventions are p 1y i at the i
level, cover varlous subject arcas focusing on education, are | d [nto classroom
environments as part of regular educational practices, and primarily involve direct student use of
ChatGPT. Overall, ChatGPT improves academic performance, affective-motivational states, and
higher-order thinking propensities; it reduces mental effort and has no significant effect on self-
efficacy. However, methodological limitations, such as the lack of power analysis and concerns
di t-Intervention warrant cautious interpretation of results. This review
presents four propositions from the findings: (1) distinguish between the quality of ChatGFT
outputs and the positive effects of interventions on academic performance by shifting from well-
defined in post-intervention 1o more complex, project-based assessments
that require skill demonstration, adepting proctored assessments, or Incorporating metrics such as
originality alongside quality; (2) evaluate long-term impacis to determine whether the positive
effects on affective-motivational states are sustained or merely owing to novelty effect; (3) pri-
oritise abjective o f subjective of high d ing; and (4)
use power analysis to determine adequate sample sizes to avold Tyvpe Il errors and provide
reliable effect size estimates. This review provides valuable insights for researchers, instructors,
and policymakers evaluating the effectiveness of ive Al i jon in
practice.
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The effect of ChatGPT on students’ learning
performance, learning perception, and higher-order
thinking: insights from a meta-analysis
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As a new type of artificial intelligence, ChatGPT is becoming widely used in learning. How-
ever, academic consensus regarding its efficacy remains elusive. This study aimed to assess
the effectiveness of ChatGPT in improving students' learning performance, learning per-
ception, and higher-order thinking through a meta-analysis of 51 research studies published
between November 2022 and February 2025, The results indicate that ChatGFT has a large
positive impact on improving learning performance (g= 0.867) and a moderately positive
impact on enhancing learning perception (g = 0.456) and fostering higher-order thinking
(g =0.457). The impact of ChatGPT on learning performance was moderated by type of
course (Qp = 64249, P<0.001), learning model (Qy= 76220, P<0.001), and duration
{Qy=755998, P<0.001); its effect on learning perception was moderated by duration
{Qp =19.839, P<0.001); and its influence on the development of higher-order thinking was
modetated by type of course (Qy=7.811, P<0.05) and the role played by ChatGPT
(Qg = 4.872, P<0.05). This study suggests that: (1) appropriate learning scaffolds or edu-
cational frameworks (e.g, Bloom's taxonomy) should be provided when using ChatGPT to
develop students’ higher-order thinking; (2) the broad use of ChatGPT at various grade levels

ard im diffarant fumas AF Ffenireac chaild ha ancaniramad te ciimmart divarcs lasmineg naader ©24



Retraction Note Open access Published: 22 April 2026

Retraction Note: The effect of ChatGPT on students’
learning performance, learning perception, and higher-
order thinking: insights from a meta-analysis

Jin Wang & Wenxiang_Fan &3

Humanities and Social Sciences Communications 13, Article number: 528 (2026) | Cite this article

9811 Accesses | 2 Altmetric | Metrics

O The Original Article was published on 06 May 2025

Retraction Note to: Humanities and Social Sciences Communications
https://doi.org/10.1057/s41599-025-04787-y, published online 06 May 2025

The Editor has decided to retract this paper owing to concerns regarding discrepancies in the
meta-analysis. These issues ultimately undermine the confidence the Editor can place in the
validity of the analysis and resulting conclusions. The authors have not responded to
correspondence regarding this retraction.

Author information

Authors and Affiliations
Jing Hengyi School of Education, Hangzhou Normal University, Hangzhou, China
Jin Wang & Wenxiang Fan

Chinese Education Modernization Research Institute of Hangzhou Normal University

(Zhejiang Provincial Key Think Tank), Hangzhou, China

Wenxiang Fan

*AvaKkAnan apBpou!



AlanIoTWOEIG

« H TpEXOovoa EPTIELPIKT] EPELVA
BplOKETOL OKOPO OE EUPPULIKO
oTas10

« Octikn emiSpoaon MNTN oe Sladopeg
VONTIKEC S€E10TNTEC...

e ....UTTOPXOULV PEBOSONOYIKA KOl
OAAQ {nTNHOoTa



A€lottoinaon
OswpnTtikov
MAaoiov

[MOAITIOULKN G-
IOTOPLKNG

Oswpliag



[lowa €ival N yvwatikn €midpaon tTwyv
guagtnuatwyv MNTN ota EKTEAOVPEVA EPYQ;



Enidpaon NTN

« Evw BpaxumpoBeopua n €miSoon BEATIWVETAL,
LOKPOTIPOBETHO MEWWVETOL ONUAVTIKA, OTAV
Sev gival mpoaBaaipa ta guatnuota MNMTN
(Liu et al. 2026)

« H xprion aguotnuatwv MNTN odényel g coBopn
UTtEPEKTiPNON NG eiSoancg (Fernandes et
al., 2025)



Enidopaon NTN

e H xpnon ogvatnuatwv NTN o€
TAaioo paenong (Shen et al.,,
2026)

How Al fpacts Sl Formetion o Suaxepaivel (a) TNV EVVOLONOYIKH
kotavonaon, (B) TG LKAVOTNTEG
avayvwaong Kwdika Kat (y)
S BT S B SRR EKOPOAUATWONG

AT remains unclear. Noviee workers who rely heavily on AT 1o complete unfamiliar tasks may compromise

their own skill acquisition in the process. We conduct randomized experiments to study how developers 14 14 14

gained m wy of 4 new asynchronous programuming library with and without the ance of Al O 8 EV 08 nvsl 0‘8 U LIJ nAote pa E‘IT l‘r[88 a
We find that Al use impairs conceptual understanding, code reading, and debugging abilities, without

delivering significam efficiency gains on average. Participants who fully delegated coding tasks showed 14

some productivity improvements, but at the cost of learning the libra ify size distinet Al a“o Sot l Kot nta C

interaction patterns, three of which involve cognitive engagement and prese outComes even

when participants receive Al assistance. Ouwr findings suggest that Al-enhanced productivity is not a

shorteut to competence and Al assistance should be carefully adopted into workfiows to preserve skill

formation - particularly in safety-crit

February 3, 2026

al domains.

1 Introduction

[cs.CY] 1 Feb 2026

Since the industrial revolution, skills in the labor market have continually shifted in response to the introduction

™~

= of new technology: the role of workers often shifts from performing the task to supervising the task Eutur
(F let al. ?l’)l}ll. For example. the automation of factory robots has enabled humans to move from manual lTabor
=t on, and accounting software has enabled professionals to move from performing raw calenlations
I:J to identifying better bookkeeping and tax strategies. In both scenarios, humans are responsible for the quality
m of the final product and are liable for any errors IB]chr and Braun| (2022}, Even as automation changes the

. process of completing tasks, technical knowledge to identify and fix errors remains extremely important

= As Al promises to be a catalyst for automation and productivity in a wide range of applications, from
O software engineering to entrepreneurship [Dell’ Acqua et al [2023] [Peng et al.| [2023} |Cui et al] 2024 [Otis|
o et al.} 2024 !?ryu_juil:isuu of & L 2025, the impacts of Al on the labor force are not yet fully understood.
- Although more workers rely on Al to improve their productivity, it is unclear whether the use of Al assistance

in the workplace might hinder core understanding of concepts or prevent the development of skills necessary
to supervise automated tasks. Although most studies have focused on the end product of Al assistance (e,
lines of code written, quality of ideas proposed), an equally important, if not more crucial question is how
process of receiving Al assistance impacts workers, As humans rely on Al for skills such as brainstorming,
writing and eeneral eritieal thinkine the develonment of these skills may he sienificantlv altered denendine

X

.
(2
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Successfully performing a task
with GenAI does not
automatically lead to learning

Emerging evidence suggests that while general-
purpose GenAl toodls can enhance students'
performance on tasks, they do not necessarily lead to
learning gains. Offloading cognitive tasks to general-
purpose chatbots creates risks of metacognitive
laziness and disengagement that may deter skill
acquisition in the long run. Several studies indicate
that although students with access to general-
purpose GenAl toadls produce higher-quality outputs
than their peers, this advantage disappears - and
sometimes reverses - in exams when accessis
removed. In contrast, educational GenAl tools
designed or used with an intentional pedagogical
purpose tend to show sustained improvementsin
learning.

Student performance when practicing maths with generic GenAl

A+48%

40%
20%
Without GenAl
0% (baseling)
200 -17%
Practice results Exam results

Randomised controlled trial of high school studentsin Turkiye in the 2023-24 school year.
Source; DECD Digital Education Outlook 2026, Figure 1.5.
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Generative Al is poised to revolutionize how humans work, and has already
demonstrated promise in significantly improving human productivity. A key question
is how generative Al affects learning—namely, how humans acquire new skills as they
perform tasks. Learning is critical to long-term productivity, especially since generative
Al is fallible and users must check its outputs. We study this question via a field
experiment where we provide nearly a thousand high school math students with access
to generative Al tutors. To understand the differential impact of tool design on learning,
we deploy two generative Al tutors: one that mimics a standard ChatGPT interface
(“GPT Base”) and one with prompts designed to safeguard learning (“GPT Tutor”).
Consistent with prior work, our results show that having GPT-4 access while solving
problems significantly improves performance (48% improvement in grades for GPT
Base and 127% for GPT Tutor). However, we additionally find that when access is
subsequently taken away, students actually perform worse than those who never had
access (17% reduction in grades for GPT Base)—i.e., unfettered access to GPT-4 can
harm educational outcomes. These negative learning effects are largely mitigated by
the safeguards in GPT Tutor. Without guardrails, students attempt to use GPT-4
as a “crutch” during practice probl i and sub ly perform worse on
their own. Thus, decision-makers must be cautious about design choices underlying
generative Al deployments to preserve skill learning and long-term productivity.

generative Al | education | skill acquisition | personalized tutoring

Generative Al, such as OpenAl's ChatGPT, has rapidly emerged as a disruptive
technology capable of achieving human-level performance on a broad range of tasks (1-5).
In many applications, they are expected to augment humans to help them perform tasks
effectively and efficiently (6). Recent studies have sought to better understand how
humans work in collaboration with these tools (7-9). Broadly speaking, these studies
have focused on productivity, finding that workers can perform knowledge-intensive

Significance

While generative Al has been
shown to enhance productivity,
its influence on learning

new skills remains unclear. Our
research examines the impact of
generative Al, specifically GPT-4,
on student learning in math
education. Through a large-scale
field experiment in a high school,
our study reveals that although
Al-based tutoring improves
performance during practice
sessions, students relying on the
technology may underperform
when access to Al is subsequently
removed, indicating reduced

skill acquisition. However, we
also find that carefully designed
safeguards, especially asking

the Al tutor to provide teacher-
designed hints instead of giving
away answers, can mitigate these
negative effects. Our findings
highlight the need for thoughtful

H mtpoaBaon g MNTN kata tnv
ETHAUVAON TIPOPBANUATWY BEATIWVEL
gnUAvTIKO TNV €mtisSoan (48%-
127%)

H petemelta emiAvon
TPORBANUATWY XwpPlc MTN emidEPEL
peiwon tng emidoong (17%)
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Abstract

Generative artificial intelligence (Al) tools such as ChatGPT can boost creative
performance, but do these boosts translate into learning gains? This study examined
whether the benefits of ChatGPT for creativity persist even when its assistance is
removed, and how people can effectively use ChatGPT to enhance their learning
and independent creativity. University students (NV=196) solved a creative prod-
uct improvement task either independently (human-only group) or using ChatGPT
freely (general-Al group) or using ChatGPT in a guided way (regulated-Al group).
Specifically, the regulated-Al group used a novel “think first, ChatGPT later” ap-
proach—they first generated their own ideas, then collaborated with ChatGPT to
improve, develop, and evaluate them. Thereafter, all groups independently solved
a creative product invention task. On the first task, the general-Al group produced
more creative solutions than the human-only and regulated-Al groups. But without
ChatGPT assistance on the second task, the general-Al group’s creativity declined
to levels comparable to the human-only group. In striking contrast. despite a lack
of performance gains on the first task, the regulated-Al group outperformed both
the human-only and general-Al groups in independent creativity on the second task.
Process analyses revealed that the general-Al group most often simply dictated
ChatGPT to directly generate the solutions. Conversely, the regulated-Al group
more frequently collaborated with ChatGPT to improve their self-generated ideas,
in turn mediating their later advantage over the general-Al group in independent

AnuloupyLK(’)tnta
o H xprion NTN oényei gg o
SNULOVPYIKEC TIPOTEYYIOELG
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Professional Software Developers Don’t Vibe, They Control:
Al Agent Use for Coding in 2025

RUANGIANQIAN (LISA) HUANG®, UC 5an Diego, USA
AVERY REYNA', Independent, USA

SORIN LERNER, Cornell University, USA

HATJUN XIA, UC San Diego, USA

BRIAN HEMPEL", UC San Diego, Usa

The rise of Al agents is transforming how software ean be built, The promise of agents is that developers
might write code quicker, delegate multiple tasks to different agents, and even write a full piece of software
purely out of natural language. In reality, what roles agents play in professional software development
remains in question. This paper investigates how experienced developers use agents in building software,
including their motivations, strategies, task suitability, and sentiments. Through field observations (N=13) and
qualitative surveys (N=99), we find that while experienced developers value agents as a productivity boost,
they retain their ageney in software design and implementation out of insistence on fundamental software
quality attributes, employing strategies for controlling agent behavior leveraging their expertise. In addition,
experienced developers feel overall positive about incorporating agents into software development given
their confidence in complementing the agents’ limitations. Our results shed light on the value of software
development best practices in effective use of agents, suggest the kinds of tasks for which agents may be
suitable, and point towards future opportunities for better agentic interfaces and agentic use guidelines.

1 Introduction

I've been a software developer and data analyst for 20 years and there is no way I'll
EVER go back to coding by hand. That ship has sailed and good riddance to it,

- Developer in Our Survey (528) O L T[p Oxw p n u EV 0]} u nxav KO l

Al is rapidly changing the practice of programming. Already, about half of professional software

developers are using Al tools daily [30]. Large language models (LLMs) are particularly good at 7\ A

writing code, and are becoming more skillful every year. Originally, in 2021, LLMs only provided Ov lo-u lKO U 8 svxo uv -EO U C
coding assistance as super-charged autocomplete [12]. But more recently, their capabilities have

advanced to accessing, modifying, and testing whole codebases in autonomous, step-by-step -r[p a K-EO p SC avtl V a

actions—we are now in the agentic coding era. There are many open questions about how capable ’ /4

these agents are and how best to use them. Anecdotally, we sometimes hear from people that -r[p Ov p a u I'J at lCO UV u E B ao-n to
they tried it once and it didn't work out so well. But this contrasts with what one reads on social .
media: some online users claim to use dozens of agents at once to autonomously construct massive V I b e
software (e.g., [32, 41]). a claim so intriguing but potentially meredulous that it is parodied [16].
What is really happening?

Human studies of agentic coding are emerging but still sparse. A notable randomized trial found
that experienced open source maintainers were actually slowed down by 19% when allowed to use
Al[4]. and an agentic system deployed in an issue tracker saw only 8% of its invocations resulting in
complete success (a merged pull request) [31]. These results sugpest that perhaps agentic Al is not
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Abstract

Widespread concemns about new technologies—whether they be novels, radios, or smarnphones—are repeatedly
found throughout history. Although tales of past panics are often met with amusement today, current concerns
routinely engender large research investments and policy debate. What we learn from studying past technological
panics, however, is that these investments are often inefficient and ineffective. What causes technological panics 1o
repeatedly reincarnate? And why does research routinely fail 1o address them? To answer such questions, | examined
the network of political, population, and academic factors driving the Sisyphean cycle of technology panics. In this
cycle, psychologists are encouraged to spend time investigating new technologies, and how they affect children
and young people, to calm a worried population. Their endeavor, however, is rendered ineffective because of the
lack of a theoretical baseline; researchers cannot build on what has been learned researching past technologies of
concern. Thus, academic study seemingly restarts for each new technology of interest, which slows down the policy
interventions necessary to ensure technologies are benefiting society. In this article, 1 highlight how the Sisyphean
cycle of technology panics stymies psychology's positive role in steering technological change and the pervasive need

for improved research and policy approaches 1o new technologies.

ords

digital-technology use, social media, screen time, well-being, adolescents

In 1941, Mary Preston published “Children's Reactions
to Movie Horrors and Radio Crime" in The Journal of
Pediatrics. The American pediatrician had studied hun-
dreds of 6- to 16-year-old children and concluded that
more than half were severely addicted 1o radio and
movie crime dramas, having given themselves “over to
a habit-forming practice very difficult to overcome, no
matter how the aftereffects are dreaded” (pp. 147-148).
Most strikingly, Preston observed that many children
consumed these dramas “much as a chronic alcoholic
does drink" (p. 167). Preston therefore voiced severe
concerns about the children’s health and future out-
comes: Children who consumed more radio crime or
movie dramas were more nervous and fearful and suf-
fered from worse general health and more disturbed
eating and sleep.

To truly understand these claims, one needs to con-
sider Preston's work in the context of her time. The
decade preceding her work saw both broad social and
technological changes; the explosive growth in popu-

by 1940 (Dennis, 1998). In 1936, about nine in 10 New
York households owned a household radio, and chil-
dren in these homes spent between 1 and 3 hr a day
listening to these devices (Dennis, 1998). This rapid
rise in popularity sparked concerns not limited to Mary
Preston's article. A New York Times piece considered
whether listening to the radio too much would harm
children and lead to illnesses because the body needed
“repose” and could not "be kept up at the jazz rate
forever" (Ferrari, as cited in Dennis, 1998). Concerns
voiced by the Director of the Child Study Association
of America noted how radio was worse than any media
that came before because “no locks will keep this
intruder out, nor can parents shift their children away
from it” (Gruenberg, 1935). This view was mirrored in
a parenting magazine published at the time:

Here is a device, whose voice is everywhere. . .. We
may question the quality of its offering for our
children, we may approve or deplore its entertainments
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"Learning is not a spectator sport" (Koedinger, 2015)
"Effort is the algorithm" (Muller, 2025)

"Whoever does the work does the learning" (Holt, 2024)
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