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INTRODUCTION
) & =

Cognitive Scaling
Bridging Brains and Machines

The rapid evolution of artificial intelligence poses profound questions about the nature of
cognition itself—questions that transcend traditional boundaries between neuroscience,
psychology, and artificial intelligence. As machines begin to exhibit capabilities once thought
uniquely human, we are compelled to reconsider our fundamental understanding of intelligence,
consciousness, and the cognitive architectures that enable complex behavior. This workshop
explores the convergence of biological and artificial systems, examining how each paradigm
illuminates the other in unexpected ways. At its core, this dialogue between brains and
machines represents more than a technical exchange—it constitutes a philosophical inquiry into
what it means to perceive, reason, and understand. Our distinguished speakers will navigate this
conceptual terrain from complementary vantage points, exploring the principles that may govern
intelligence across diverse substrates. From the emergence of structured representations in
biological systems to the ethical implications of increasingly autonomous artificial agents, we
examine the various frameworks that might unify our understanding of cognition at scale. This
exploration invites us to contemplate a future where the boundaries between human and
machine intelligence become increasingly porous, challenging us to articulate what remains
essentially human even as we create systems that mirror and extend our cognitive capacities.
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Registration The Lakeview Hotel

Welcome and opening remark
L Huan Luo / Peking University

Investigating diverse intelligences outside the lab: challenges and opportunities
2 Federico Rossano / UCSD

Structured world model in human brains
2 Huan Luo / Peking University

Coffee break and group photo

A neuroAl approach to understand biological visual learning
L Ruyuan Zhang / Shanghai Jiao Tong University

Lunch

Decoding and synthesizing natural speech of tonal language using
electrocorticography

L Yuanning Li / ShanghaiTech University

Biological and artificial reasoning: what single neurons reveal
2 Mohsen Jamali / Harvard Medical School

Quantifying human social perception and action with VR
L Chen Zhou / University of Glasgow

Coffee break

What is 'Good AGI' ? Moral foundations and the market behavior of Al agents
2 Mark Nitzberg / UC Berkeley

Toward a hierarchical human-centered Al (hHCAI): an intelligent sociotechnical
systems (iSTS) framework

L Zaifeng Gao / Zhejiang University

Discussion

Summary and close remark
L Yizhou Wang / Peking University

Dinner

09:00-09:30

09:30-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00
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Registration Courtyard No.5, Jingyuan

Towards human-like intuitive physical reasoning
L Shigian Li / Peking University

Representations of music and speech in human auditory cortex and the
convolutional neural network
2 Ruolin Yang / Peking University

Language modulates vision: Evidence from neural networks and human
brain-lesion models
2 Haoyang Chen / Peking University

Balanced Multimodal Learning
L Yake Wei / Renmin University of China

Causal discovery from subsampled time series
L Mingzhou Liu / Peking University

12:00-14:00 o Lunch
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Federico Rossano
BEEBH - DiEE

University of California,
San Diego
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Dr. Federico Rossano is an Associate Professor in the
department of Cognitive Science at the University of
California, San Diego. He received his PhD in
Linguistics from the Max Planck institute for
Psycholinguistics and Radboud University, Nijmegen
(The Netherlands) and has worked as a post-doctoral
researcher in the Department of Developmental and
Comparative Psychology at the MPI for Evolutionary
Anthropology in Leipzig (Germany). His research
adopts a comparative perspective on social cognition
(cross-ages, cross-cultures and cross-species) and
focuses on the development of communicative
abilities and the structure of social interaction in
human and non-human animals (e.g., non-human
primates, dogs and cats). He is the scientific lead of
the world’ s largest animal communication study
ever conducted.

#HEBRl - ZEEE (Federico Rossano) 0K
EZZMT T RINNRZRZNBIEIE, EDTH - L8
ROEBESERARAMAEEEREREGEEZELE
I, HEEEEXEHR IR - ZERHUALZRRER
NERSHROBZRIBEELEMRR . tAHFRME
BOMARITHESIAN (BER . BEXHNBEYR) &
REFEALEMIEAZEDY (WMIEARKSE., BAFHE) IR
MENERIMASENEN, HEHF LEELCRMIER
KBS RRARIRZEETA
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Investigating diverse intelligences outside the lab:
challenges and opportunities

EHXRE, RRESFMNERE: kiKkS5H8

S —

In recent years, acronyms such as WEIRD, STRANGE, BIZARRE have been used to remind us
that issues in replicability and predictive power of our cognitive models come from an
incomplete picture of the diversity of intelligence in humans and the animal kingdom. Towards
providing a more solid base for our empirical models, we have collected extensive data on social
interaction and social cognition cross-ages, cross-cultures and cross-species, because of an
interest in bringing evolution, diversity, individual differences and change to the forefront of
Cognitive Science. Along the way we started the largest citizen science study on animal
communication (pets using buttons to interact with humans), tested with the same paradigm
children in urban vs. rural settings, conducted behavioral studies on several animal species
(from great apes to macaques to baboons to dogs, cats, rats and horses), created the largest
longitudinal video dataset of baby apes and developed novel tools to measure behavior by
combining computer vision, robotics and cognitive science. In this talk | report some of the
things we have learned along the way: the importance of taking seriously individual differences,
life history and relationships.

IEFR, RER(HRE TEW WEIRD. STRANGE LK BIZARRE E45518, FLUREERA]
INHZEES MM EED EFrEmIRRBkE , FERTEAKBHOERRESE . BRMRBRAZE
Rt RhE RSN

EFRHE . SHEE. MERNZUANANRZRZOMRINEINE, RNOKETAXEE
Fi. BXA. BYFNHESEDNSHIINNEE, EENEREREHERINEM, £AX—13
B, RNEETE2RKRANHMRRARBZRE (SMEYETREAS ALKH#ITRR) ; KAHE
BAAENEHTSINIILEHTTURASHER;, ARTEES MM (NEANR. SRR, B85, 2008,
B, B.3) BTAHR,; BX7TEIRAMENE)LEANRKBUREERE,; #ESHENNRE.
NBARARTUANRZSE, FRTHNITAVETIR,

EARREF, RENERNEX—SRPREN—LEXRINR: REERBMER. £®HE
SHEXENATRBEZEENEEN,
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Huan Luo
Z R

Peking University
JERKE

Dr. Huan Luo is a full professor at the School of
Psychological and Cognitive Sciences and a Pl of the
IDG/McGovern Institute for Brain Research, Peking
University. Her research primarily focuses on the
cognitive and brain mechanisms of attention and
memory in humans, particularly from a dynamic
perspective. She is a Chang Jiang Young Scholar and
supported by the NSFC Key Program and Excellence
Young Scientists Funds. Dr. Luo currently serves as
senior editor of eLife and editorial members of PLoS
Biology. As one of six labs in the world, her lab
recently participated in a high-impact international
collaborative project COGITATE to study neural
correlates of consciousness supported by Templeton
World Charity Foundation.

T, IRKRZBOEBSINNBNZZRAT ., EXX
RHARFAARR . IE=ZKZFCollege ParkpiREL,
IRHEERERIME .. BEIF2030 EXMBRAE,
RIS2022FESEERBMEMAMBRER (REREAK)
—E¥ | 2020FE “HEBENZEAHE" , TEWHR
AR B2, 23 REPARBOGARBMENS , BEER
SEMAOBHREE, SiFclife®iRfmiE, PLoS Biology
HBE, HLRZFANIREZ—S 55 NNERR
IRIRE COGITATE, ZRERiIEHIENature &% -
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Structured world model in human brains

AR “ Sk OEIRE

S —

The human brain does not possess Al's massive data processing and storage capabilities, yet it
demonstrates exceptional learning and reasoning abilities. This capability stems from the brain's
uniqgue mental models. Through our recent behavioral and brain science empirical research,
combined with cross-disciplinary approaches and technical methods from mathematical theory
and information science, we have discovered that the human brain processes, reorganizes, and
compresses external information through “structured" mental models during cognitive
processes such as attention, memory, learning, and decision-making, thereby overcoming
resource constraints and promoting learning and reasoning. Our results reveal the uniqueness
of human mental models and their constructive characteristics, while also providing
brain-inspired insights for Al world models.

ARFAESAINEABIELENEFMEESN, MRAEEBHNEISHIEES , ZEHRT AR
IR OERE, BINEHEETA SR ZE TR, éﬁé?ﬁiiﬂlﬁ ERRZEE E’%—?—ﬂmﬂ**ﬂﬁ*?
B, RMAREER. 212, 3. REFSNMIBHEY “Siai” BOERERNT . EAMESR
SNRER, EMERERNR, (REFIHEE, RMNPERERT AL OEREFIRS R EZALE
fiE, AAIRNHEFRERRERT AREL .
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Ruyuan Zhang
[ 93 I E

Shanghai Jiao Tong
University

LEREXRE

Dr. Ru-Yuan Zhang is currently the principal investigator of the
Cognitive Computational Neuroscience and Brain Imaging Group at
the School of Psychology, Shanghai Jiao Tong University, and the
Shanghai Mental Health Center, affiliated with the School of
Medicine, Shanghai Jiao Tong University. Dr. Zhang has been
conducting interdisciplinary research at the intersection of brain
science and brain-inspired artificial intelligence. His work integrates
psychophysics, Bayesian models, deep learning, neural modulation,
and neuroimaging to investigate the neural computational
mechanisms of both the human brain and artificial intelligence. His
work has been published in prestigious journals such as Nature
Human Behaviour, AMPPS, PNAS, eLife, J Neurosci, and PLoS
Computational Biology. Dr. Zhang's research on brain-inspired
computing has also been presented at top machine learning
conferences, including ICML and IJCAI. Dr. Zhang serves as an
active reviewer for neuroscience journals such as eLife and Cerebral
Cortex, as well as leading machine learning conferences such as
ICML, NeurlPS, IJCAI, ICLR, and CVPR. In addition, Dr. Zhang is an
area chair for ICML 2025, and NeurlPS 2024/2025. Dr. Zhang has
received multiple honors, including nominations for the Shanghai
Pujiang Talent Program, Shanghai Overseas High-Level Talent, the
Shanghai Science and Technology Youth 35 Leaders Program, and
the 2024 World Atrtificial Intelligence Conference Outstanding Young
Researcher Paper Nomination (ranked second).

KRBT AR SR EBARMER RN SR BAZEZRNE
LiggmPER AN EREZRZ SRR GHARANEERRR , KiE
T—EERRZNREAA LTSN XM HTEZRTR . teITE
BETOEYEE ., IMHFER ., REES ., BLIBRMEBEME, UHF
FRARFIA LB BN IARRELREE (BRAEITAH) |
AMPPS. PNAS. elLife. (t#HZERIZZE) f1 (PLoSIHHEEYE) &
28T L, KEEXTFRELTENHREERENBEISNERE,
BIEICMLAIJCAl, KEHIBIFHERI 2T Melifef] ( KIREE) 895F
KEBA, URALHHIEZISINIICML. NeurlPS. IJCAI. ICLR
CVPREGERA ., b4, 3KIEETEICML2025FNeurlPS 2024/202588
FEERE, KELHREBTSmMEE, QF LSHIAA . B
BEXAT . EEREEEISTMEAAHRINIRS, MUR2024FHEA
TITEEASRNESEARZTIOURS (H2EZ) ,
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A neuroAl approach to understand biological visual
learning

BEREMNEZINMEATERERGE

S —

The ultimate goal of artificial intelligence is to equip machines with human-like cognitive
functions. The last decade has witnessed the rapid progress in Al research. In contrast, it still
remains largely unknown how humans learn to acquire diverse forms of cognitive abilities, such
as vision, audition, and language. The emerging neuroAl approach not only sheds new light into
the neurocomputational mechanisms of human cognition but also provides promising insights
into brain-like algorithms. In this talk, | will focus on the neurocomputational mechanisms of
visual learning in biological visual systems. By combining neural network modeling and various
neuroscientific methods, we aim to uncover several important questions in biological visual
learning, including robust representations associated with learning and human visual continual
learning.

AIBENRLZBRER FHREANANINE, SX+FRIETATERRARNOREBHERE
BHZT, ARIMAEIRENRE ., WRAMESSSMEANIANNEN, NARAERAXBE LR,
MMM EATEELENMRAALANINBRE T BENHIRETHONE, MEALNEERBET
BRIRNRR, ARRHES, REEITTEVURREPNEZINBETENE, BEESHER
ZRENSZHHERZE, RNEEEFEDURZIPNNANERTR, QESEIBXNREE
EMAERERFELFS .
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Yuanning Li
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ShanghaiTech
University
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Dr. Yuanning Li is an Assistant Professor in the School
of Biomedical Engineering at ShanghaiTech
University. He received PhD in Neural Computation &
Machine Learning from Carnegie Mellon University,
and was a postdoctoral scholar at the University of
California, San Francisco, where he worked with
Edward Chang. Dr. Li’ s research interests primarily
lie in the intersection between computational,
cognitive neuroscience and artificial intelligence. He
uses human intracranial recordings and neuroimaging
techniques to study the neural basis and
computational models of speech and language. He is
a recipient of the NIH Outstanding Scholars in
Neuroscience Award Program, the SfN Trainee
Professional Development Award, the NSFC Excellent
Young Scientists Fund (Overseas), and the 2023
“New Brain 30" award.

ZIRTERLEREARZEVEZTIRZROBEY
Ko hERAEBEXZRGHAHESIREIBLE
i, AFMMAZ B LS REZEIMIEdward ChangsE
B=EE1TE. FETEINHRSEATEMIANEE
RMZERNB[ES , THEBREARKEMERAETSHR
I MAR AN EREENE, ETHNREINATLE
BETT AR MA R SHEBOHEREE, FRIESMILIE
Ho tBREEEZEERRTHERERNEZERL, A
EERBERAAHINEFE . LiBHEISERATL
HHIEFRE, TRERBANFZESEH LB . BHREB
ERIBE=RHESER. EBHEIAZHYRE. &
FRIZEHERBER,
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Decoding and synthesizing natural speech of tonal
language using electrocorticography

FAREREEREDSSRERESNERES

S —

Speech brain-computer interfaces (BCls) offer promising avenues for restoring communication
in individuals with speech impairments. However, decoding and synthesizing natural speech in
tonal languages remains uniquely challenging due to the critical role of lexical tones in conveying
meaning. In this talk, | will present a series of studies advancing tonal language speech BCls,
from understanding neural control mechanisms to achieving brain-to-speech synthesis and
brain-to-text decoding. First, using high-density electrocorticography (ECoG) recordings from
native Mandarin speakers, we reveal that the human laryngeal motor cortex controls tone
production through through distinct cortical tuning patterns that modulate pitch dynamics.
Building on these insights, we develop a modularized multi-stream neural network that
independently decodes tonal and syllabic information from distributed cortical populations to
synthesize intelligible tonal syllables directly from neural activity. Finally, extending this framework to
naturalistic speech, we introduce a brain-to-text decoding system that integrates multi-stream neural
decoding with language models to achieve robust sentence-level decoding in Mandarin, achieving
high accuracy even under natural acoustic-phonetic variability. These findings provide a
comprehensive roadmap toward practical speech BCls for tonal languages, combining neural
mechanism discovery with algorithmic innovations for real-world decoding and synthesis.

BEERED (BCl) MIREESESMBZRENRE T ERIRNRE ., A, AFHFBERZX
RXLEHNXBER, ¥ERESHNERESHTHRBSSRNEITIRFIOME . ERRHES, TS
NEBE—RIEHEFERES ESMAEONHRS, NERBEEHNE 2 SSINENIES S AN IRE SRR
B, 8%, IAXREEEESEENSTERENEE (ECoG) iR, BB\ T AXRNEHKE
BEBEAENEERHELEFHFERNE, XEEXNFTTESHNDTEN ., BT XLENE, HNA
BT —TRRBUNZSHREENE , ZMNENSTAREFFPRYBRBERNSHER, ERNEE
EHERAPFHRNERES . &E, BX—ERY REBRESHERN, HOSIAT —MREISARE
BERS, ZRARESTSRMERN5ESRE, XU TEEFCUFRNRERD, EEERER
S5EEERTHENEEERE, RELNANFBESHNIAESMIEARETLENRKRLE, K
ZNHEIEFEUFEES, ATELHINBENEMN



| EXPERT BIOGRAPHIES

55T XN

Mohsen Jamali
EXx-HBHI5H

Harvard Medical School
IRFEXFEEFR

Dr. Mohsen Jamali is an Assistant Professor of
Neurosurgery at Harvard Medical School, where my
research investigates how single neurons and neural
populations encode social cognition and language. By
analyzing real-time neural activity in humans, | aim to
bridge cellular neuroscience with higher-order
communication, decoding the biological foundations
of social interaction and linguistic meaning. | have
been a recipient of the Banting Postdoctoral
Fellowship, NARSAD Young Investigator Grant, and
2022 Daniel X. Freedman Award from the Brain &
Behavior Research Foundation.

EHx -EDAEIRERHEEZ MR ZHEL
B, BNAREERRENHE E&Eﬁwwﬂﬁﬁﬂia‘
INAIAIES . BEREM O ALN ST EHEER,
%*UT@:tE‘JIﬂEETMHEHEFEEQWQZH—T—'5m,&7riA7"
MEKREXR, BRESENNIESEXNENZEM, B
DA TERGUEELEXEE . NARSADEFHRE
BHURRESTAMREESR2022FFE/R - X - HERE

=
=>xo
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Biological and artificial reasoning: what single neurons
reveal

EMMATHE: PHETHETR

S —

I will present work that bridges neuroscience and artificial intelligence to explore how both
human brains and large language models represent the thoughts and beliefs of others—a
fundamental capacity known as Theory of Mind. Using rare single-neuron recordings from the
human dorsomedial prefrontal cortex, we identified specific neurons that track others’ beliefs
with precision, distinguishing them from one’ s own and predicting whether they are true or
false. In parallel, we analyzed how large language models (LLMs) process similar belief-based
scenarios, revealing that internal representations in these models mirror key features of human
neuronal activity. Notably, both systems—biological and artificial—appear to rely on sparse,
belief-sensitive units that support accurate social reasoning. By comparing these two domains,
our research offers a new perspective on the mechanisms behind Theory of Mind and highlights
a striking convergence between the way brains and Al models understand other minds.

RRERN B —TUERBER ZAMATEENIE, HINRET ALK ARIESEEIIRIE
ARNBRESEEZ—X—HRAOEEICHERLES . B ALETANEIERIT R RETREEZTIC
R, BINRAHEBBEHEKOMEAGTEEREINFEHET, HAUXEEIREELERER. 5
WEE, BNOHTARESREAXMUETEERPNLESN, BREASBRIERRT AKHE
TOEMBIKREHE, BEEENE, EMRRASATER ﬁ%M?ﬂWﬁ?%ﬁEﬁhuﬁmﬁﬁm,
IR RN SR, B LR DEE, RMNNAROERLEEENNGIRETHNG, FH=
TRWME AN TSR M A OE SN ERIRABRM,
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Chen Zhou
B =

University of Glasgow
BRETSKZE

Dr. Chen Zhou is a Lecturer in the School of
Psychology & Neuroscience at the University of
Glasgow. His research combines classic
psychophysical methods, cutting-edge virtual reality
technologies, and computational modelling to study
human perception and action in social contexts. He is
particularly interested in modelling human social
behaviour and translating these findings into
algorithms that can be implemented in intelligent
virtual agents and social robot platforms.

ARETERBUFIFRZOEZSHARZZ R
I, tRMREESEHOEYIERITIE. AGEMISTR
AT BERBER AR SHIBPRIARRINMITH , T
BIREALMSTANER, FEXLERRRREL AT
S g EMCENE RS AFERLMBNEE,
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Quantifying human social perception and action with
VR

FAEMITEMAXHSRNSTHA

S —

Humans can effortlessly identify social groups within complex social environments and navigate
through crowds accordingly. However, the computational rules governing these social
behaviours remain a knowledge gap. To investigate the dynamic processes underlying social
perception and action, we first immersed participants in a well-controlled virtual environment,
where we precisely manipulated virtual humans and measured participants’ behavioural
judgments and walking trajectories using classic psychophysical methods. Based on these
quantified results, we proposed a social interaction field model to model human social group
perception, and a social locomotion model to capture human navigation in complex social
settings. These models were validated using open-access databases and real-world scenarios.
Finally, by translating these human behaviour-based models into algorithms applicable to social
robots, we achieved significant improvements in perceived human-likeness and comfort during
human-robot interactions.

ALBEBEAERNMASRNHSHEF RSB AFENMEARBPZFT, A, EHXEHE
SOTARHERUNAZR—THIRTH . ATHRHSRAMNTHEENDNTIR, RINEEES5E
MRE— MO EHREMRES , ABERMNBHBREZEUAY, HERZANCEYEZTTEN
ES5FNTRHAKMMGTENDT, BEFXESHER, BINIRET —TMHSEMHERERENPALLS
BARA, UR— M HSBEHRERBRALESERMSHERNEMITH , XEREBEIFBUL T
BREMEIHFFGIRFBITRIE, &5, BIIEEFT AL THNRREELAERTFHINBANE
%, BOEANREIRPHRANAEUERENFEEL G T EEM8H
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Mark Nitzberg
O - BX{a%

University of California,
Berkeley
MM ARZIAZ=F DR

Dr. Mark Nitzberg is founding Executive Director of
the UC Berkeley Center for Human-Compatible Al
(CHAI), and Interim Executive Director of the
International Association for Safe and Ethical Al
(IASEAI, pronounced “eye-see-eye”). He is an
advisor to government and industry on Al
developments impacts and governance. He has built
technology ventures applying Al in health care,
finance, education and development aid, has worked
at Bell Laboratories, Microsoft, and Amazon, and has
developed and has run diverse programs in industry
and academia. He is co-author of the book Solomon's
Code, examining how Al reshapes human values,
trust, and power.

B - BZABREMMNRKZERIDORANKEAL
BREHR O (CHANBIBItEHMITEE, AEEERZ251
BAIERIMR(IASEA)NIRHITEE, BREAFM
EFVREATISRARE. EWAAESEORE, the
EETRE. 8. XENAREDAEHUEZNAAL
BREMNEAREY, BEUREIRE MM SHTE,
FHHEVANZARALMNEZELSSHIE , 2 (2]
B ) —BHHEEE, ZBRWTATERENTEE
AEMEM . FENRS,
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What is 'Good AGI' ? Moral foundations and the
market behavior of Al agents

4R “HFHIAGI” ? AL S S tANEREMMHnTA

S —

As artificial general intelligence (AGI) systems draw closer to practical realization, society faces
a pressing question: what does it mean for AGI to be good? This talk explores how foundational
moral theories—utilitarianism, deontology, virtue ethics, and beyond—might guide the behavior
and governance of near-future AGI systems. But moral philosophy often falls short with the
incentives and constraints of real-world deployment. To illustrate this, we consider AGI as an
economic agent trained to maximize profit. In a market economy, such agents are likely to
exploit legal loopholes, externalize costs, destabilize markets, and engage in algorithmic
collusion. These outcomes are a natural result of optimization misaligned with public values. We
argue that aligning AGI with ethical principles will require more than technical alignment
mechanisms—we must factor in the institutional. We propose paths forward for value alignment
under adversarial conditions.

EEERAIERAG)REEFIZELRNA, HEEIE—NRERE: AGIHN"F " IKREH
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Dr. Zaifeng Gao is a Professor in the Department of
Psychology and Behavioral Sciences at Zhejiang
University. His research focuses on the psychological
mechanisms underlying human-Al teaming.
Employing psychophysical methods, neuroimaging,
and simulation modeling, he investigates how
information is dynamically integrated in working
memory and how such mechanisms support shared
understanding in human-Al collaboration. He has
served on several scientific committees (e.g.,
cognitive ergonomics) and is a member of the
editorial boards of multiple scientific journals (e.g.,
Chinese Journal of Applied Psychology, Cognitive
Processing).
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Toward a hierarchical human-centered Al (hHCAI): an
intelligent sociotechnical systems (iSTS) framework

HEBXRWCUAARROBEATEEE(hHCAI) : S SEARES
(ISTS)IEZE
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While artificial intelligence (Al) offers significant benefits, it also has negatively impacted
humans and society. A human-centered Al (HCAI) approach has been proposed to address
these issues. However, current HCAI practices have shown limited contributions due to a lack of
sociotechnical thinking. To overcome these challenges, we propose updated sociotechnical
systems (STS) design principles and introduces an intelligent sociotechnical systems (iSTS)
framework to extend traditional STS theory and meet the demands with respect to Al. The iSTS
framework emphasizes human-centered joint optimization across individual, organizational,
ecosystem, and societal levels. We further integrates iSTS with current HCAI practices,
proposing a hierarchical HCAI (hHCAI) approach. This hHCAI approach offers a structured
approach to address challenges in HCAI practices from a broader sociotechnical perspective.
Finally, we provide recommendations for future iSTS and hHCAI work.

BRATEEANTRTEEZNEL, EEENAZMMESFTETRAEAEW ., UAAROHALE
BE(HCAN A IR Sk RiX e jafh , AT, HTFRSHSHEARES, HeIWHCAIZEKEREERN
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| am a third-year direct PhD student at the Institute of
Artificial Intelligence, Peking University, supervised by
Dr. Yixin Zhu, with a research interest in intuitive
physics, and aspiring to build human-like intelligences
that can understand physics, predict physics, and
interact with the physical world.
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Towards human-like intuitive physical reasoning
B ANE GV IRERE
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Humans possess remarkable skills in understanding and reasoning about the physical world,
even without formal education in physics. This innate ability, known as intuitive physics, allows
people to grasp physical concepts, predict how objects will behave in the future, and effectively
interact with their surroundings. This talk will explore how intuitive physics can be modeled from
a computational perspective, emphasizing the quick learning, flexibility, and generalizability of
human physical reasoning—ranging from everyday physical predictions to solving complex
physical puzzles.

BMEREERSISEMNYELS, AXEERNEEYEHASEBEEGIEANEND ., XM5EE
RNBEENRIRNERMESE , SEANEBEZEVEGRS, FUUMERENZEE, FEXNSEEDE
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Ruolin Yang is a PhD student at Peking University in
Prof. Fang Fang’ s lab at the School of Psychological
and Cognitive Sciences and the IDG/McGovern
Institute for Brain Research. Her work focuses on

= understanding the neural mechanisms of human

-_ visual and auditory perception, using intracranial
g.“"‘"’E electrophysiology, psychophysics, computational

modeling with deep neural networks.
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Peking University
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Music and speech are two acoustic information carriers, essential for human communication in
daily life. However, how music and speech are processed from the feature level to the category
level in human auditory cortex is unclear. Also, it is unknown whether a deep neural network
(DNN), capable of performing auditory tasks at human level, represents music and speech in a
manner akin to human auditory cortex.Here, we recorded intracranial electroencephalography
(IEEG) signals in epileptic patients (n = 55) when they listened to music (instrumental melodies)
and speech (two-syllable words). A subset of patients (n = 14) were also presented with
synthetic music and speech with frequency features matched with each natural sound. We
compared the high-gamma activity (HGA, 60-150 Hz) in response to music and speech and
identified 173 music-selective contacts and 133 speech-selective contacts in auditory cortex.
Further, we extracted the time-frequency features of HGA and computed the cosine distance
between the neural responses to each pair of sounds. In the selective contacts, we found the
distances computed for sounds within the preferred category are smaller compared to those
within the non-preferred category. In contrast, the distances computed for synthetic sounds
within the preferred category and non-preferred category showed no dif ference. This result
indicated that the selective neuronal populations represent sounds within the preferred category
more similarly, which could not be explained by tuning to frequency features. To explore the
representation of music and speech in DNNs, we passed the same stimuli through a DNN
trained to discriminate music and speech separately. We analyzed unit activations elicited by
music and speech and identified music- and speech-selective units. For each layer, we defined
the collective activations of all music-selective units as the music-selective response and those
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Representations of music and speech in human
auditory cortex and the convolutional neural network

AXFREEENEREENEhE RMNESHR
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of all speech-selective units as the speech-selective response. Then, we computed the cosine
distance for music- and speech-selective responses, respectively. Notably, in the fc6 layer, we
found the distances computed for sounds within the preferred category are smaller compared
to those within the non-preferred category, aligning with findings in neural responses. In
summary, our research reveals the category-selective neuronal populations in the human
auditory cortex exhibit representations akin to those found in the late stages of a DNN trained on
auditory tasks, suggesting a parallel in the high-level feature processing between auditory cortex
and the DNN and offering insights into the neural mechanisms underlying auditory perception."

BERNEESERMEZERIAE, STALEBERREXEE, A, ERNESWEAEALRIRE
R EHR MRE KR LK R TIMTNHAREE . Lo, BEBUASKFERTIRESHREREZME
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NEREFR MR R 33 MESTIERMEEMA

H—, BRIMRITHCGARBSEHE, FHFHETEBNFSZEWERNINRKIES , FEEFEEMR
B, BNEKIRFEIAESIHEHNEELIFREFRIRNEN, BT, WIFEFIFIEREFALR]
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R, A, BNAAHET SRMESERMERNARZES , BEEIEHNZ, Efc6EFR, HILIMR
FEIAFFITEHNES L IHREFLIRANEN, XEHERNNER—H,
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My name is Haoyang Chen, transitioning from a
Master's to a PhD student in Dr. Yanchao Bi's
laboratory, which | will begin in Fall 2025. My research
focuses on investigating whether and how language
influences our sensory processes, particularly vision,
through the application of cognitive neuroscience
methods, multi-modal neuroimaging techniques, and
computational modeling approaches.
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Comparing information structures in between deep neural networks (DNNs) and the human
brain has become a key method for exploring their similarities and differences. Recent research
has shown better alignment of vision-language DNN models, such as CLIP, with the activity of
the human ventral occipitotemporal cortex (VOTC) than earlier vision models, supporting the
idea that language modulates human visual perception. However, interpreting the results from
such comparisons is inherently limited due to the ""black box"" nature of DNNs. To address this,
we combined model - brain fithness analyses with human brain lesion data to examine how
disrupting the communication pathway between the visual and language systems causally
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Language modulates vision: evidence from neural
networks and human brain-lesion models

EESMMRENET : REHMEMENARR GRS IR

S —

affects the ability of vision —language DNNs to explain the activity of the VOTC. Across four
diverse datasets, CLIP consistently outperformed both label-supervised (ResNet) and
unsupervised (MoCo) models in predicting VOTC activity. This advantage was left-lateralized,
aligning with the human language network. Analyses of the data of 33 stroke patients revealed
that reduced white matter integrity between the VOTC and the language region in the left
angular gyrus was correlated with decreased CLIP performance and increased MoCo
performance, indicating a dynamic influence of language processing on the activity of the VOTC.
These findings support the integration of language modulation in neurocognitive models of
human vision, reinforcing concepts from vision —language DNN models. The sensitivity of
model — brain similarity to specific brain lesions demonstrates that leveraging manipulation of
the human brain is a promising framework for evaluating and developing brain-like computer
models.

EEBRREMEZME (DNNs) AR Z BNEREMEN NRRESIIBMUEMERENXBSEE. &
MR R, M- 1ESDNNEZE (INCLIP) SAXENMEKRE(VOTC)REENHE L BN SR
BEEFN—EM, XETESETALXUZRANNUR . Af, HFDNNsH"BE"HHE, WX
RHURERNBRARLEZHRE . NBRX -, BIERE-XKWUE DTS5 ARIRGEIE
BES, ARBANENES R INEFERNATRE R MK -ESDNNsERVOTCHE
HEEEN . EE N ARBNEEES, CLIPEFINVOTCEN A HEIRLN FIRE L EE (ResNet)Fl
THER (MoCo)RE , XFMBELMNENIL, 5EAXKESNE—, MNI3ZHXBELFENST
£, VOTCEEAMALMES KFZBNARTEERKSCLIPHERE TEMMoCotRERESMEX, &
BIESLEMVOTCEMNBMEM , RELMTIFEALMBNBSANNREDBSESATREER,
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Yake Wei is a Ph.D. student at the Gaoling School of Artificial
Intelligence, Renmin University of China, under the
supervision of Professor Hu Di. Her main research during her
doctoral studies focuses on multimodal learning
mechanisms. She has published 8 academic papers in
journals and conferences recommended by the China
Computer Federation (CCF) as first author/student first
author/co-first author, including 4 as first author. These
publications include two papers in the top international
journal T-PAMI and multiple papers in top international
conferences such as ICML, CVPR, and ECCV. During her
doctoral studies, she received the 2024 Baidu Scholarship
(global selection, only 10 recipients) and the National
Scholarship for Doctoral Students. In her research work, she
first proposed the research direction of "Balanced
Multimodal Learning" in an Oral paper at CVPR 2022, which
has since become the main focus of her research
exploration. She has conducted systematic research on this
problem at multiple levels, including experimental
observations, algorithms, and theory, resulting in a series of
published papers.
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Balanced Multimodal Learning
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In general multimodal learning paradigms, different modal data typically use a unified
multimodal learning objective for learning and optimization. However, the inherent heterogeneity
of different modal data brings difficulties to joint multimodal learning. For example, in
discriminative tasks, for audio-visual samples labeled "drawing picture," visual data with richer
discriminative information is more easily learned and preferred by the model compared to audio
data. This ultimately results in an imbalance in the model's utilization of data from different
modalities, with only individual modalities being fully learned, hindering the potential of
multimodal learning. Therefore, how to balance and promote the full exploitation and learning of
heterogeneous multimodal data has attracted widespread attention in recent years. In this
report, the speaker will summarize and organize related research on this problem and look
forward to its potential development in a broader context.

E—RNSESEINENF, FARSHFEEERBA—NSESEI BIRHETEIMNNKL, B
AEESHFERANERELSRSHKSZIHERTREE, fln, EHNEESH, XTFIRER
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BIEERY , REFESESEEMEMISHENIBAREFERATE, RETIRSERSES,
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Mingzhou Liu is currently a Ph.D. student in Computer
Science at Peking University, where he is advised by
Prof. Yizhou Wang. Previously, he earned his
bachelor's degree in Electrical Engineering from the
Zhiyuan Honors Program at Shanghai Jiao Tong
University. His research interests lie at the intersection
of causality and machine learning, with a particular
focus on developing theories for causal discovery and
leveraging the insights gained to enhance the
robustness of learning algorithms. He has published

MingZhOu Liu six papers on causality in prestigious conferences,
s(u u%im including ICML, NeurIPS, and ICLR.
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Causal discovery from subsampled time series
MRF B E R PiEfTER &
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Inferring causal structures from time series data is the central interest of many scientific
inquiries. A major barrier to such inference is the problem of subsampling, i.e., the frequency of
measurement is much lower than that of causal influence. To overcome this problem, numerous
methods have been proposed, yet either was limited to the linear case or failed to achieve
identifiability. In this talk, we will introduce a constraint-based algorithm that can identify the
entire causal structure from subsampled time series, without any parametric constraint. Our
observation is that the challenge of subsampling arises mainly from hidden variables at the
unobserved time steps. Meanwhile, every hidden variable has an observed proxy, which is
essentially itself at some observable time in the future, benefiting from the temporal structure.
Based on these, we can leverage the proxies to remove the bias induced by the hidden variables
and hence achieve identifiability. Following this intuition, we propose a proxy-based causal
discovery algorithm. Our algorithm is nonparametric and can achieve full causal identification.
Theoretical advantages are reflected in synthetic and real-world experiments.

MES 8 R IR R R EME2 TSR 2R R ORER o HITLEEMBN— P EEEITRIX
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Institute for Artificial Intelligence,
Peking University
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The Institute for Artificial Intelligence, Peking University (PKU-IAI) was established on April 27,
2019, as an independent entity directly under the university. It serves as the primary platform for
coordinating university-wide resources, building world-class Al disciplines, supporting major
national Al strategies, and cultivating top-tier Al talent. It also provides crucial support for PKU's
development strategy of "New Engineering, New Liberal Arts, and New Medical Sciences." The
institute's founding director was Academician Huang Ru, former Vice President of Peking
University, and the current director is Professor Song-Chun Zhu, a globally renowned scholar in
the field of artificial intelligence. The institute currently has 18 full-time faculty members,
including 1 chair professor, 11 assistant professors, 2 associate researchers, and 4 assistant
researchers, along with over 160 joint-appointment faculty members. In response to disciplinary
development requirements and major national strategic needs, the institute collaborates with 28
departments across the university and has established 4 research institutes and 18 "Al+
Interdisciplinary Research Centers." These support the university's "New Engineering, New
Liberal Arts, and New Medical Sciences" initiatives, covering five major academic divisions:
humanities, sciences, social sciences, engineering, and medicine. This has created China's most
comprehensive interdisciplinary Al platform: 1. Institute for General Artificial Intelligence:
Covering 9 core Al directions including computer vision, natural language processing,
computational cognition and common-sense reasoning, multi-agent and social intelligence,
embodied intelligence and robotics, machine learning and intelligent science theory, large
models, big data intelligent systems, and general Al chips; 2. Institute for Al+ Humanities and
Social Sciences: Including 4 interdisciplinary directions of Al security and governance,
computational social science, digital humanities and civilization evolution, and Al art; 3. Institute
for Al+ Medicine: Focusing on 4 research directions including smart public health, intelligent
emergency medicine, smart healthcare and wellness, and Al digital life; 4. Institute for Al+
Sciences: Concentrating on 1 direction of intelligent habitable Earth. The institute has been
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committed to promoting the development of Al disciplines at Peking University. In 2021, the
institute collaborated with Yuanpei College to establish the Peking University General Artificial
Intelligence Experimental Class (known as "PKU Tong Class"). Led by PKU Chair Professor and
Al Institute Director Song-Chun Zhu, the program aims to cultivate world-class interdisciplinary
talents with "general knowledge, general intelligence, and general capabilities." To date, it has
enrolled five cohorts totaling 175 undergraduate students, becoming a flagship in PKU's college
entrance examination recruitment. In June 2024, the institute, together with Yuanpei College,
launched an Al minor degree program, admitting 25 dual-degree students in its first cohort. For
doctoral education, the institute has worked with various research centers to develop a
comprehensive Al interdisciplinary graduate training program that includes curriculum systems,
implementation mechanisms, and evaluation processes. This has formed a new "Al+X" joint
supervisor mechanism and graduate course system, with five cohorts totaling 96
interdisciplinary doctoral students currently enrolled, who are recruited and trained through
various departments including the School of Intelligence, School of Computer Science, School
of Integrated Circuits, Law School, Department of Information Management, and School of
Psychological and Cognitive Sciences.
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The School of Psychological and Cognitive Sciences at Peking University, China’ s birthplace
and leading institution for psychology, is a first level doctoral degree granting unit with a
professional master’ s program in applied psychology. Its basic psychology program is a key
discipline of the Ministry of Education, a Beijing municipal characteristic specialty and a first
level key discipline. The School was selected as one of the first class undergraduate programs
by the Ministry of Education, approved as a national base for basic science research and
teaching talent cultivation and included in the 2.0 Base Program for Top Students in Basic
Disciplines. As the first psychology discipline in mainland China to enter the top 1 percent of ESI
world rankings, the School has received the highest rating in the Ministry of Education’ s
discipline assessment twice, been named to the Double First Class construction list and in 2024
ranked 35th globally in the QS World University Rankings and 22nd in THE Rankings, leading all
mainland China institutions. The School comprises four departments, Brain and Cognitive
Sciences, Managerial and Social Psychology, Clinical and Health Psychology and
Developmental and Educational Psychology, organized around two major research directions,
brain neuroscience and psychological health. It serves as the affiliated unit of the McGovern
Institute for Brain Research, the supporting unit of the Beijing Key Laboratory of Psychology and
Behavioral Health and the chair and secretariat host of both the National Applied Psychology
Professional Degree Graduate Education Steering Committee and the Ministry of Education’ s
Psychology Specialty Teaching Steering Committee.
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In faculty strength, the School has attracted world class scholars including seven Changjiang
Distinguished Professors, four recipients of the National Science Fund for Distinguished Young
Scholars and 16 Four Youths honor recipients. Seven faculty members have been elected
Fellows of the Association for Psychological Science or Rising Stars of the American
Psychological Association; four are named Elsevier Highly Cited Researchers in China; and nine
serve as researchers at the PKU Tsinghua Center for Life Sciences and the PKU Institute for
Artificial Intelligence, making important contributions to interdisciplinary scholarship. As of the
end of 2024, the School has 53 research staff, including 12 professors, 22 researchers, 14
associate professors/associate researchers, and 6 lecturers/assistant researchers. In the past
five years, the School has published over 250 representative academic papers, received over
150 million yuan in vertical funding and nearly 30 million yuan in horizontal funding, and been
awarded more than 10 major fund projects such as the National Natural Science Foundation's
Innovation Research Group Project, and the 2030 Major Projects for Science and Technology
Innovation. In terms of industrial transformation, the School conducts applied research in
engineering psychology, clinical counseling psychology, developmental psychology, and
management psychology, serving fields such as aerospace engineering, brain computer
interface technology, health behavior correction, and mental health education for primary and
secondary school students, advancing both individual well being and social harmony.

ERXZOLESNARZZREADEOCEZNAFRMANAENE, E—RERFIZURFRE
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ABFEMPNZECEBRREEES MU, BATREMARRSEHSHELRRE
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State Key Laboratory of
General Artificial Intelligence

BRAEAAIESREEERIRE

The State Key Laboratory of Multimodal General Artificial Intelligence, established in 2022 by
China's Ministry of Science and Technology and jointly built by the Beijing Institute of General
Artificial Intelligence and Peking University, is the only state key laboratory focused on general
artificial intelligence. Guided by the philosophy of "establishing a heart for machines and endowing
humanities with reason" and implementing a "small data, big tasks" paradigm, the laboratory has
produced pioneering achievements in multimodal perception, cognitive architecture, knowledge
representation, embodied intelligence, and general Al systems. Led by Professor Song-Chun Zhu,
it has 315 members including distinguished scholars who have received prestigious international
awards such as the Marr Prize. Since its founding, the laboratory has published over 200
academic papers, secured more than 250 million yuan in national funding and nearly 200 million
yuan in corporation funding, and actively transfers its technological achievements to various
industries including automotive, aviation, and healthcare through collaborations with enterprises.

BEABRAALSEEEERINER 2022F ERRHXEMAENRL , KITILRBERALSERRRS
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ERAFANKEER BRIDGING BRAINS AND MACHINES
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