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Interactive hypothesis testing on cell differentiation

01

Seeking to capture the growth trajectory of cells

Abstract

Biological cells develop into various organs and tissues through differentiation. How individual cells undergo this differentiation
process is a critical and universal question in the life sciences. To elucidate these differentiation mechanisms, it is essential to both
generate hypotheses and test them. Therefore, we are constructing a new mathematical framework for hypothesis generation and
testing. Specifically, this technology assists life science researchers in interactively discovering hypotheses through Al, which aids
in the visual design of differentiation structure hypotheses and in testing of their validity. Deeper insights into the mechanisms of
biological cell differentiation may enable us to induce differentiation phenomena involving various genetic and environmental
factors. By investigating the causes of congenital diseases and the efficacy of medications for designated intractable diseases, we
aim to contribute to the advancement of regenerative medicine and artificial organ technology.

Cell differentiation inference

Gene expression data Differentiation hypothesis

y Cardiac
cell
K%} - . Nerve
3 b Inference cell
~ % .
L Py - Neutrophil
— iPS cell . . —
Genes Biological time .

Purpose: Understanding of differentiation mechanism
Application: Regenerative medicine and gene therapy

Challenges of differentiation inference task

® Current standard approach : High-dimensional gene
expression features are visualized in a lower dimension using
dimension reduction techniques, and experts interpret them.

B #1: Unknown nature of genes responsible for local differentiation 4

Each specific gene is thought to play a major role in the local differentiation of cells. However, in order
to verify the genes-cause-differentiation hypothesis, the differentiation structure itself is required.

B #2: Lack of established metrics for assessing validity of visual rep 1

In general, visualization techniques carry the risk of removing important clues about the
differentiation structure during compression, as well as the risk of introducing misunderstanding that
were not present in the original data.
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Examples of three types of visualizations for same gene expression data

Data : Han+, Single cell transcriptomics identifies a signaling network coordinating endoderm
and mesoderm diversification during foregut organogenesis, Nature Communications 2020.
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We will demonstrate this
process during the exhibition.

References

[1] M. Nakano, H. Sakuma, R. Nishikimi, K. Komiya, T. lwata, K. Kashino, “HyperbolicPHATE: Visualizing Continuous Hierarchy of Latent

”

Differentiation Structures,

IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), 2025.

Contact

Masahiro Nakano, Biomedical Informatics Research Group, Media Information Laboratory



Modeling biological development with agent simulation

02 Estimating cellular interactions from patterns

Abstract

Self-organized multicellular patterns emerging from intercellular interactions are fundamental to diverse biological functions, such
as detoxification in hepatic lobules and camouflage through stripe patterns in zebrafish skin. However, quantitatively inferring the
underlying intercellular interactions that give rise to target multicellular patterns remains a challenging inverse problem. In this
study, we propose a framework that estimates parameters governing adhesion and repulsive forces between cell types directly
from target multicellular patterns. Our method extracts robust topological features across multiple spatial scales and employs a
pretrained surrogate model to efficiently infer interaction parameters. We validate the framework using both simulated and image-
based zebrafish pigment patterns. This framework provides an efficient and interpretable approach for linking multicellular pattern
geometry to intercellular interactions and has potential applications in tissue engineering, including the design and control of
organoid morphogenesis.

Multicellular Pattern Formation Proposed method

Biological functions enabled by multicellular | Estimate parameters of intercellular

patterns interaction from target multicellular patterns
. . Intercellul Environmental

Representative multicellular patterns and interaction W& effect

associated functions - e
Liver: Detoxification 0» ‘ — ‘ 4 *‘*§:§‘
Hepatocytes, Endothelial cells, Kupffer cells, and etc-- }“_‘r’*f? -té’
Stripes patterns in zebrafish sides: Camouflage celtped,  Gelbpel o

Xanthophores and melanophores ~ Inverse problem ’
-, 0: Parameters define adhesion and repulsive forces
B/

Topological features - celular position *¥IDP: Number of

- . . independent
‘ Robust feature extraction O Scale ofinterest oy 112 nocition

. . ) x4 IDP* : 0
These patterns arise from intercellular features at each scale. % Loop : 0 Loop : 2
% N . . . . . » mode *
CI’*nbjeCtWI:l : Estlmatmgllpteqc?llular interactions | cee s N direct v } ML(V) } 9
that enables target multicellular patterns _ estimation with surrogate "2 Pretrained Fetmated.
—Applying the method to tissue engineering such as Organoids modeling vector surrogate model  ©
Validation with zebrafish pigment formations JEX N ¥ NIE ]y
(1) Simulated target patterns Target Target pattern Stripe Polka-dots
Target (Stripes) J(Polkadots)  Estimated (1) Simulated O O
(2) Image-based A AN

O : Visually and quantitatively match

. - /\ : Roughly match, but there are some minor differences
(2) Image-based manually crafted target patterns
Target(Stripes) Estimated Tlifg;‘t . (1) The framework successfully inferred intercellular
—_—— e (Polka dots) interaction parameters from simulated target patterns.

Li‘é“ . v Sefe (2) Minor discrepancies were found in image-based
cases, but they could be used to refine the inverse

surrogate model.
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Integrating sparsity and quantization for model compression
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Towards energy-efficient Al models

Abstract

The increasing performance of Al models has led to growing computational cost and energy consumption, motivating efficiency
techniques such as sparsity and quantization. However, conventional approaches often rely on their combined use, which can
restrict deployment to digital hardware that efficiently supports sparse computation. In this work, we present a training framework
that does not require learned sparsity, while remaining compatible with learned quantization. This enables neural networks to be
flexibly deployed across a wider range of hardware platforms, including energy-efficient analog devices where sparsity is difficult
to exploit. By decoupling model efficiency from specific structural constraints, our approach broadens the applicability of model
compression. Ultimately, this work aims to support the development of energy-efficient, reconfigurable Al systems that can
operate across diverse computational substrates, from digital to emerging analog hardware.

Neural Network (NN) Efficiency

B NNs require large computation and memory
= Pruning and quantlzatlon are key for efficiency
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Sparse Computation on Analog Devices
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but fails in analog devices (e.g., optical) due to noise
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Accelerating ScaNN via pruning-based vector quantization

04

Do not compute: Fast approach for vector search

Abstract

Quantization, which replaces vectors with codewords, is widely used to enable fast, accurate inner-product-based similarity search
over large-scale data. ScaNN is a popular approach for quantization. ScaNN computes the quantization error between each vector
and all possible codewords to select the codeword with the smallest error, achieving high approximation accuracy. However, since
ScaNN requires error computation with all codewords, it incurs a high computational cost, making quantization extremely slow for
large-scale datasets. The proposed approach uses upper bounds on quantization errors and efficiently evaluates them to prune
codeword candidates. This significantly reduces the number of error computations required. As a result, the proposed approach can
substantially accelerate vector quantization while preserving ScaNN's search accuracy. Consequently, it facilitates practical large-
scale data processing in applications such as image retrieval and natural language processing.

Maximum Inner Product Search

Find vector x of maximum inner product for query q

O Various application (e.g., image search and NLP)

X High CPU cost for inner products of the query and
vectors in the database

Quantization: approximate vector x with codeword w
for search
O Improved efficiency X Degraded search accuracy
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Existing Approach: ScaNN

Idea: Preserve vector norms and reduce inner product
error to improve search accuracy
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function I(x;, w))
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X High CPU cost for error function
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h; (> 1): hyper parameter, p(x;,w;) : inner product of x; and w;

Our approach: computation pruning
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+ Our approach
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Achieve speedup without sacrificing search accuracy

* Processing time [s] + Search accuracy [%]
MN DV KG KZ IM SF
56.5 35.5 59.7 53.5 6.28 69.8

W Our MW Existing Our

Existing 56.5 35.5 59.7 53.5 6.28 69.8

10*
102
100 II II “ II II II\ Up to 28 “\[Same search

MN DV KG kz IM SF |times faster accuracy

+ Experimental data (Number of vectors X Length of vectors)
MN : MNIST (70,000 x 780) KZ : Kuzushiji (270,912 x 784)
DV : Devnagari-Script (92,000 x1,024) IM : imagenet (2,340,373 X 150)
KG : kaggle (200,000 x 202) SF : sift10m (10,000,000 x 128)
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Event time analysis via point processes and machine learning
O 5 Fast and accurate event timing prediction

Abstract

If the timing of future events can be predicted, risks can be mitigated through proactive preparation, or opportunities can be fully
leveraged. In this study, we present a method for efficiently predicting future event times by leveraging point processes and
machine learning. While existing approaches achieve high predictive accuracy, they often require substantial computational cost
during training. To address this issue, we replace the conventional log-likelihood objective with the least squares contrast for point
processes, enabling up to several hundred-fold speedups in training while maintaining comparable predictive performance. This
improvement makes our method scalable to large datasets. As machine learning-based event prediction becomes increasingly
accurate with the growing volume of data, the associated computational burden also continues to rise. Our approach, which
efficiently handles large-scale event series data, aims to support proactive decision-making by accurately predicting when events
such as equipment failures or demand fluctuations will occur.

Event time series analysis Proposed method:

» Data that record when and where events occur are

Introducing least squares loss

N LT ———" We propose fast kernel methods for estimating intensity
e.g.) equipment failures, accidents, infections, SNS posts. functions that replaces the conventional log-likelihood
« Point processes provide a standard framework for objective with the least squares loss for point processes.
analyzing such data. By learning the intensity function Negative log-likelihood Least squares loss
from data, they enable a wide range of analyses and - u ) u
predictions regarding the timing of future events. func. L A)dt — Z log(A(tn)) L A®)?dt — 2 Z Atn)
n=1 n=1
; ; — Prediction of event counts A . ; .
'”tens';y function | prediction of the | ‘o e 3 given time interval | Conventional methods require solving an optimization
(t\) nexteventtime problem whose complexity can scale cubically with the
/ size. In contrast, our method eliminates the need for such

costly optimization, resulting in significant speedups.

[ LI ® Non-homogeneous Poisson processes [1]
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Intensity function learning
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Accurate, interpretable statistical causal effect estimation
06 Who is affected by this policy, and why?

Abstract

To design important, individualized interventions such as medical treatments and targeted advertising, we need to understand who
benefits from a policy, by how much, and why. We develop two methods for this goal. The first method focuses on accurate effect
estimation. It aims to improve the prediction of outcomes with and without treatment by detecting and correcting hidden
correlations between treatment assignment and outcomes—for example, when older patients are less likely to receive risky surgery
and also tend to have worse outcomes. The second method focuses on explanation. It identifies which personal characteristics
account for differences in treatment effects across individuals, while assessing the statistical significance of each characteristic.
Compared with simple machine learning techniques that rely only on observed correlations, these methods aim to evaluate the
treatment effects more accurately by capturing cause-effect relationships. By building accurate and interpretable causal effect
estimation techniques that work even with limited data, our research aims to support data-driven decision-making in high-stakes
settings. Ultimately, we hope this research will contribute to a future in which important decisions can be tailored more precisely,
reliably, and effectively to each individual.

What is a causal effect? Two tasks for policy design

Effect of treatment assignment on each individual 1) Predict the effects 2) Explain \g_%thﬁ/ dlif'fg( acrgsts incélividutals
. . ifficulty 1: Biased treatmen
A55|g2?1ent /\\(l OutcomeY P':;).b.lgm fetup: T[le Sbamhe Outcome Estimate assignment—for e>§ample, when
& Itrr]e ;\t/é du:n ;innr;?;atzd ot treatment choice differs by age—
Medication F /H\ : Wedisatian may lead to biased effect

estimation

Difficulty 2: It is unclear
which characteristics
e cause the bias

(A=1) » ‘ ‘ ‘ Causal effect:
dlfference ln outcomes No medicatior| ..
Ne n}idl(;:)atlon ,R ﬁ ﬁ ﬁ Recovered F Unchanged'ﬁ Worsened

1. Debiased representation learning for effect prediction [1] 2. Feature discovery for treatment effect heterogeneity [2]

Feature representation learning More accurate identification of features that
for bias correction in high-dimensional data influence treatment effects than existing techniques
1. Learn debiased feature representations from data and 1. Measure the feature importance by how much the distance
minimize prediction errors weighted by the degree of bias | between the outcome distributions with and without
2. Use a differentiable weight estimation technique treatment varies across feature values
to efficiently correct bias and improve effect estimation 2. Evaluate statistical significance (p-values) of each feature

using data simulated from deep generative models

A Bl Medication ~ P(Y10-19) P(Y}|20-29) Data simulated from
Three Features of each individual (A=1)

feature extractors - _ deep generative models
Estimate a weighted ..

distributional distance
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Learning with bias correction
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I Effect prediction results inabileis, PC)%n readingtigme Feature selection results aivthe iTeatmERt o systErii iNflAMMENGR
Proposed Existing Existing m -
(Representation (Two regression Proposed
= Lcarning) odel | Age, Gender Age, Gender, Smoking history
es
RMSE 2.10 238 255 Data-driven discovery of clinically important features

reported in previous studies
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Variance computation for probabilistic inference outcome

07 Evaluating uncertainty in the probability estimation

Abstract

In probabilistic inference, which predicts the likelihood of an event based on data and the relationships among events, a lack of
data increases the uncertainty of the prediction, affecting decision-making depending on it. This study introduces a technique for
quantitatively computing the "variance of inference outcome,” an indicator of this uncertainty. It has been difficult to compute due
to the enormous computational burden. To address this, we use the technique of counting the number of solutions that satisfy
given logical formulas. Our study can be used to make more robust decisions that could otherwise lead to serious consequences.
For example, in predicting availability of infrastructure equipment, even if the prediction satisfies safety standards, a large variance
value indicates high uncertainty. In such cases, our approach enables operational decisions such as encouraging additional data
collection to avoid excess failure rate that exceeds the prediction.

Probabilistic Inference and Its Uncertainty | Difficulty of Variance Computation

Probabilistic inference predicts the probability of occurrence | @ For probabilistic inference, we need to examine all patterns

of an event from data and the relationship among events. on the occurrences of the related events.
+ Blackout will increase the probability of disconnection. @ To compute the variance of inference outcome, we need
+ How much is the probability of disconnection considering more complicated calculation on these patterns.
i i ? 0no A 5
both normal and blackout situations? - Traditionally, we can compute the variance in a reasonable
Prob. of Prob. of %@9:@ &, | timeonly when the number of related events is up to 10.
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When our goal is <1% prob. of disconnection, 2N patterns are requiredto 2N X 2N pairs are required to
@i We need not update equipment because the inference ] examine for prob. inference. examine for variance computation.

outcome is below the goal. . o .
— Solution by Counting on Logical Formulas
Lack of data causes uncertainty in the parameters used for

inference. This leads to an uncertain inference outcome. We proposed an algorithm to compute the variancein a
Prob. of Prob. of reasonable time even when #(related events) > 100.
situations | disconnection E@.ﬁ (D Transform the patterns on the occurrences of related
(0.5+0.2)% events into a compressed data structure
FH |eax0.5)%| (O30 o . ) . .

Normal when normal » isconnection @ Develop an algorithm to compute the variance of inference
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“zi:@ (1£0.5)% | iackout — Achieve efficient variance computation algorithm

Blackout Strpr:jg Mainte-[Black-
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e ] 0 : - R Actually, @ is a compressed data structure
decision-making, W(e’,con§|der computing the “variance of IR TR for logical formulas, We can compute the
inference outcome,” an index for this uncertainty. No | Yes | Yes |- variance of the reliability of infrastructures

If the prob. of disconnection is (0.795%0.1)%, X:z Lej $‘e‘; with the developed algorithm @.
E We need not update equipment because the inference : : :
outcome is safely below the goal.

If the prob. of disconnection is (0.795%+0.4)%,
i We should update equipment because there’s some

possibility that the prob. of disconnection exceeds 1%...
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Real-time selective listening of everyday sounds

08 Listening to what you want!

Abstract

Humans can selectively listen to a target sound even when many sounds overlap. This research brings that capability to computers
by developing real-time target sound extraction that isolates desired audio from mixed signals on general-purpose PCs while
maintaining high accuracy. By incorporating an audio foundation model with general sound representations developed at NTT, the
method further improves extraction accuracy and sound quality. We also implement binaural processing to estimate the direction of
arrival, making the system closer to human listening. Ultimately, the technology lets users flexibly hear or suppress sounds
depending on the context, for example, by reducing household noise in remote-work meetings while preserving meaningful sounds
during family calls, enabling more comfortable and effective communication.

Selective Listening (@ Real-time processing [2] Better!

v in daily life many sounds can We devised an NN methodology enablmg effective
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Goal: Realizing computational selective listening! AR
Application: Selectively transmit only the sounds you want

. others to hear in web conferences.
Sounessamihechanizin i) @ High-Quality Sound Extraction [3]

SoundBeam realizes selective listening of arbitrary |, irpraved the aeeursey ol selecting e desired seurd

sound using a neural network (NN). and enhanced the quality of the extracted sound, by 11 Better!
P o - combining SoundBeam with NTT’s audio foundation model
It APk (Specify the || Extract the sound that | | M2D**, which can capture detailed audio characteristics. 10 I ‘

desired sound

sound mixtures. matches to the 2 .
N— characterlstlcs of the =
@ . desired sound. Z
]# T 8 -
W b e e 5 8
M2D ‘ 7 .ﬂé
*% M2D=Masked Modeling Duo 3
W I‘I 4 . NTT’s learning method for audio foundation models 6 &

Application: High-quality post-production for recorded audio such
as movies, music, and home videos.

/By changing the desired 1 : . . '
sound class, we can extract /# ® Reproduction of Sound Direction [4] Better !
Il V

various kinds of sounds. " < 150
\ By accurately extracting 8
the interaural time N [
ol SoundBeam iR s x o difference of sounds & 100 a
reaching the left and = =
- We introduce three new functions and right ears, we achieved : g
selective listening that w50 =1
performance enhancements of SoundBeam | precisely preserves 5t
for selective listening toward various SOfund Sgurce direction . 5|e
. | information |
appllcatlons‘ Application: Hear/mportantsounds such as warnings, including their

directional information while using earphones.

Some parts of the figures were created using generative Al.
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An idol voice dataset for research on speech generation Al

O Providing a diverse range of appealing voices

Abstract

Research data for speech generation Al are often biased toward acted speech produced by professional speakers, such as voice
actors. As a first step toward enabling Al systems to generate speech that is personalized to individual users’ preferences and
perceived as appealing, we construct the Japanese Idol Speech (JIS) corpus, a multi-speaker speech dataset featuring live idols as
speakers with a wide range of vocal characteristics. ]IS is the first large-scale idol speech dataset with properly established
contractual arrangements for research use, comprising over 200 speakers and approximately 30 hours of audio. In addition to
reading speech and everyday conversational utterances commonly found in existing speech datasets, ]IS includes distinctive idol-
specific speech styles, such as utterances simulating Instax photo session events. By learning from the voices of diverse
individuals, we aim to develop an Al system that enables anyone to flexibly and effectively refine their own voice.

Communication augmentation
through speech generation Al

Content—preserving transformation
Sender Receiver

\ &D Pretr 222 4’\

%z Intended (Usingvoices Listener-
[ voice preferred voice | |

Future goal : Generating attractive voices tailored to
fit everyday life (Voice makeup)

What is a fascinating voice ?
®Differ from listener to listener }Diverse
@Jointly determined by voice quality and style

As a first step, we collect diverse fascinating voices

JVS CSJ JIS (Prop.)
Speaker Voice actors / Non- Live
B Narrators professional Idols
Scale ~30h ~660 h ~30h
100 people 1417 people 204 people
Natural
-ness & O O
Attractive
-ness O 4 O

% JVS: Japanese Versatile Speech corpus, CSJ: Corpus of Spontaneous Japanese

Selected speaker genre

Live idol: Idols focused on live performances
Benefits for Research
+ Balancing privacy protection
and fan accessibility (via stage names)
+ Detailed subjective evaluations
by fans who understand speakers’ appeal
+ Feasible voice collection from many speakers

Japanese Idol Speech Corpus (JIS)

* A large-scale dataset of speech .
recordings from many female live idols piverse
speaking
Group Stagename Speech file style

Reading speech
R \ B Spontaneous speech
. : (Post-performance greeting,

Instax photo events,
Self-introduction)

Every greeting

Analysis of JIS Singing (Katatsumuri)

+ 2D plot of speaker acoustic features
S ®: JVS male speakers
?&ﬁ*"ﬁ ®: JVS female speakers
o mag,% ® ; %, @ JISfemale speakers recorded at studio
%tgg 0.; % s ©:Theother JIS female speaker

&% %°  xvVisualizing only reading speech

Separation between JVS female and JIS speakers
= J|S covers speaker types insufficiently covered by JVS

» 2D plot of JIS speech with various speaking styles

-~

\ ® : Reading speech
A Post-performance greeting
e : Instax photo events
PO . Self-introduction
> * . Everyday greeting
R S h_t. +1Singing
o= 7w/ %Same colorindicates

-

_____ the same speaker
Not only the speaker differences
but also style-specific features () are confirmed
=) Suggesting that differences in speaking style are
related to listener impressions (e.g., o = resonant)
=) Potential for scenario-aware voice generation

......
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Evaluation of disinfection activities using thermal camera

1 O Were you able to thoroughly disinfect the entire area?

We propose a visualization system to verify wipe disinfection status on surfaces such as a safety cabinet. In wipe disinfection,
disinfectants such as alcohol are sprayed onto the surface and wiped off with sufficient pressure to remove cells and bacteria. Our
proposed method evaluates wipe disinfection process using a thermal camera and pressure sensors. The thermal camera captures
sprayed disinfectant on surfaces by detecting a reduction in surface temperature due to its evaporation. The pressure sensor
measures the applied pressure during wiping. By combining these data, our system visualizes the area that was sufficiently sprayed
with disinfectant and wiped with enough pressure. In medical situations, including regenerative treatment, complete disinfection of
the entire area is essential. However, wipe disinfection has been performed according to the manual, and methods for verifying
disinfection results are limited. In contrast, our system enables users to improve disinfection treatment by understanding
disinfection results and to achieve an environment where users can work safely to disinfect. We aim to contribute to improving
medical safety and efficiency.

Wipe disinfection treatment Visualization of wipe disinfected area

m Disinfection is essential treatment for | m Contributing to improve treatment

preventing infection safety and reduce workload

m Disinfection is mandatory for each . ..
patient in regenerative medicine Detection method of disinfected area

B Preventing contamination Disinfection: Consistent disinfectant
» Detection of temperature reduction

Challenge 1: Insecurity in disinfection e

Thoroughly disinfected?

Difficulty to improve efficiency ++ B sufficient wipe disinfection

Challenge 2: Inefficiency in disinfection| Wipe: Throughout enough pressure
Discontinuation of use until all cells »Install pressure sensor on wiper ¥ Disinfectant
and bacteria are eliminated Record its position by RGB camera _qf  LANSUERG

System architecture

Capture inside of cabinet
Thermal

~ Wiperf Wipe pressure
§/afety cabinet adequacy decision
‘_l

SUONE  \Wiping

camera pressur
Welak Mu(\ﬁhuw
RGB ¥ Al I
camera ¥
Wipe position
e 1 Bacillugsubtilis  After applying drops and dry,
Nicnali oo <> disinfection usmg.oursystem
W Disinfectant Wipe
) 9 only disinfection
 Spraying disinfectantg : Vi
-

\\

S

Wipingg — ——
G Bacteria was sufficiently decreased only In

Thermal difference image Disinfectantonly areas sprayed with disinfectant and wiped.
This is joint study with Institute of Science Tokyo. \ZWiped Wipedisinfection) | Qyr system can verify the disinfection area.
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Comparing depth estimation bias using large-scale human data

1 1 3D world captured by humans and Al

Abstract

Humans can naturally estimate 3D structures from 2D images, and recent advances in artificial intelligence (Al) have enabled
physical devices to develop similar abilities. Our research investigates whether these systems rely on the same visual cues as
humans in depth estimation. To this end, we collected large-scale human-annotated data for indoor and outdoor images and
compared them with predictions from various Al models. Our results show that many Al models exhibited estimation biases similar
to humans (e.g., perceiving distant objects as closer than they physically are). Additionally, we identify an accuracy-similarity
trade-off: highly accurate Al models often behave less like humans. By precisely modeling human-like error patterns, our work
contributes to the development of Al models that better align with human perception. This may support safer and more intuitive
applications, such as remote robot operation, where visual misunderstandings can lead to accidents.

Background Error Comparison of Humans and Als

Humans can estimate 3D structure using various cues WAl Models: 69 pre-trained Al models

from the information projected onto their retinas. - We employed and trained 69 pre-trained Al models for
. physical depth estimation based on prior work.

Al Depth Perception  |_The models vary in training strategies, datasets, and

Estimation from a 2D image | architectures. -

p : 5 Estimates of an Al model
B Metrics: Partial correlation (PC) EEEEECEEEEE
- We removed the effect of physical $ High PC= High Similarity
depth values and compared the Estimates of Humans

error patterns between humans o e
Input Output | and Al models.

Photograph Depth map )
Model Accuracy and “Human-likeness”

- Many Al models exhibited estimation biases similar to those

Why important? Human-centered information presentation of humans. (e.g., depth compression effect)

by precisely predicting human error patterns in 3D perception - We found the trade-off between accuracy and human-
likeness: highly accurate Al models exhibit tendencies

. different from humans. (e.g., positions of walls and cars)
H uman-an nOtated Data Co“eCtI on High Similarity Indoor (NYU dataset) Outdoor (KITTI dataset)

Human Depth Perception
Various estimation errors

Depth Compression Effect

Distant objects appear
closer

Q. How similar are the error patterns of human and
Al depth perception?

ol
We collected a large-scale human-annotated dataset |5 | High-accuracy Al
o P H . = G o pateaus °
in depth perception through online experiments. E® | endthendeclines / %,
A B C D Dol b, s, Ry o e &
c s 8% @yl e o 0 o
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5 - - High Accuracy Low Accuracy High Accuracy Low Accuracy|
m N *Each point represents an Al model, with estimation accuracy on the x-axis and similarity to human
; error patterns on the y-axis. (Marker color: Training data, Marker shape: Training strategy)
v H Examples estimation
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om - = = 1
*Mimicking stimuli generated by GPT-4.0 5.53 5.46 4.09 3.07 U
BProcedure
- Participants answered perceived distances in meters. o ST \]. [ PR T—T S

- We collected eight or sixteen responses per image. the distances to walls and cars,

similar to humans.
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References

[1] Y. Kubota, T. Fukiage, “Human-like monocular depth biases in deep neural networks,” PLOS Computational Biology, Vol. 21, No. 8,

€1013020, 2025.
[2] Y. Kubota, T. Fukiage, “Accuracy does not guarantee human-likeness in monocular depth estimators ,” arXiv, 2512.08163, 2025.

[3] Y. Kubota, T. Fukiage, “Benchmarking human and DNN biases in monocular depth estimation,” under review, 2026.

Yuki Kubota, Sensory Representation Research Group, Human Information Science Laboratory



Vision-based methods for conveying softness and stickiness

1 2 Material perception through vision

Augmented reality (AR) can easily reproduce the motion and deformation of objects; however, assigning convincing material
qualities to those objects is often difficult through simple physical simulation alone. In this study, we present an approach for
conveying material perception in AR by leveraging visual illusions based on apparent surface properties. We developed methods to
represent softness and viscosity through visual cues. For the illusion of softness, the perceived compliance is controlled by
adjusting the amount of indentation and the range of deformation in AR space. For the illusion of sliminess, viscosity is expressed
by modulating the deformation of the region presented between the user’ s fingers. Our interface enables rich material perception
using vision alone, without the need for haptic devices, significantly enhancing both the realism and expressive flexibility of AR
experiences. This approach has the potential to enrich everyday scenarios, such as supporting perceptual evaluation during online
product selection.

Material perception transmission via visual media

Challenges

* Methods for conveying material qualities remotely have not yet
been established.

- Display devices for presenting material qualities (e.g., 3D displays,
haptic devices) are not widely adopted. L s ,
Approach - #llustration generated by Al.

« Scientifically understand visual information related to material perception and use it to convey
material qualities.

Q Can you tell what
this feels like? <
Vi N B 4
1 i

Illusion of softness: Perceived softness is determined by both the amount of

indentation and the range of deformation

Examples of Stimuli Used Experimental Results Applied to expressing softness of
in the Experiment . virtual objects in augmented reality
Indentation oo N =130 -
depth of a rod B g e Indentation depth Indentation depth |
2 21N\ | 2= Spaial
@ 3|t Msedlulin deformation
£ 31° S| —— Sma
Spatial deformation range o 3 \.\\x range
®
Participants evaluated material 1 4 16 32 64 128 A
softness, observing the stimuli. Spatial deformation range (pixels) Virtual object

Illusion of stickiness: Greater break distance between the fingers leads to stronger

perceived stickiness.

When the fingers the region between then
are separated, the fingers stretches, breaks.

— N:A B
) y ; AL
» 22 8@
L O
\ 100 150 200250300 350 400

Distance until the stretched region breaks (pixels)

Stickiness rating
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Partial resolution of Morton-Vivaldi’ s conjecture

13

Solving open problems in arithmetic dynamics

Abstract

Chaotic behavior such as that observed in weather systems can be studied by approximating time as a discrete variable. Parabolic
parameters are key quantities that govern chaos in such discretized settings; they are roots of polynomials with rational
coefficients known as Delta factors. Recent progress on the nhumber-theoretic properties of Delta factors is presented in this work.
Except for trivial cases, it has long remained unresolved whether Delta factors become polynomials with integer coefficients after
specific transformations, or whether they admit nontrivial factorizations. By uncovering a new connection between parabolic
parameters and Euler’ s totient function from number theory, this study provides a breakthrough on these problems. The research
area linking complex dynamics and arithmetic properties of humbers is known as arithmetic dynamics and has developed rapidly
over the past two decades. We aim to further elucidate number-theoretic phenomena arising in dynamical systems through a

bidirectional use of methods and insights from both fields.

LEEWTT RO R LINLTTNTEIN . complex parameter

Iteratively substitute a complex number into a polynomial

f:(x) = x? + c. Is the orbit periodic, convergent, or divergent?

Example: The £.- orbit of 0 for ¢ = i

0 l N i 2 24305 1

4 16 256 65536 2
Filled Julia set K, = {complex number x with bounded f.-orbit}
Mandelbrot set M = {complex parameter c with connected K_}

= {complex parameter c such that f,-orbit of 0 is bounded}

1

Filled Julia sets for
each parameter
Mandelbrot set

For a parameter c in the interior of the Mandelbrot, the f,-orbit

Fix a positive integer m and a multiple n of m. The

Delta factors parabolic parameters ¢ lying between

the “period-m component” and the “period-n component” are given as
the roots of a polynomial A, 1, (c) with rational coefficients [4]. These
polynomials are called Delta factors.

degree [ (n,m) [ A, m(C/4) for fo(z) =27 +¢
1 2,1) Cc-1
(2,1) C+3
(4,2) -C-5
(3,3) C+7
2 (3,1) CZ+C+7
(4,1) C%2-20+5
(6,1) C2—-3C+3
(6,2) C?+9C +21
(8,2) C%4+8C+17
(12,2) C2+7C+13
3 (6,3) C®+8C7T+18C +81
(4,4) C% +9C? +27C + 135
4 (5,1) CT+C*+C?-9C +31
(8,1) C*+20? - 16C + 17
(10,1) C*-30%+9C? -17C + 11
(12,1) %28 a0 113
(10,2) | C* + 17C® + 108C? + 313C + 341
(16,2) | C* +16C3 + 96C? + 256C + 257
(20,2) | C* +15C3 + 85C2 + 215C + 205
(24,2) | C* +16C° + 95C? + 248C + 241
5 1) 2

When A, ,,,is defined, the following conjecture was proposed.
Conjecture [Morton-Vivaldi, 1995]

(1) Let € = 4c. Delta factors are polynomials in € with
integer coefficients and =monic.

(2) All delta factors are irreducible (i.e., they admit no

of 0 converges to a periodic orbit. The period of this orbit is
constant on each domain. Across boundaries such as the
“base of a cactus” (e.g., D) or the “bottom of an indentation”
(e.g., @), the period changes by an integer multiple, leading to
a drastic change in the behavior of the dynamical system

Parabolic parameters

The parameters at the “base of a cactus” and the “bottom of
an indentation” are called parabolic parameters.

Parabolic parameters play a central role in studies of the
Mandelbrot set and complex dynamics. Though geometrically
special, they often exhibit unique number-theoretic features

Results of this work

nontrivial factorizations).

Since the conjecture was proposed,
the problem has remained largely
unexplored, except for the trivial casesm = 1, 2.

In this study, we achieve a breakthrough by discovering a new
relationship between parabolic parameters and Euler’s totient function.

Our Theorem (1) Conjecture 1 is true [2],[5]
(2) Conjecture 2 is true form = 3. [3]
(3) Only when A, ,, has degree d (d = 1,2), it is divisible by
a degree-d polynomial with rational coefficients.
Moreover, this occurs only for the following pairs (m, n).
d=1:(n,m) = (1,1),(2,1), (4,2), (3,3) [1],[5]
d =2:(n,m) = (4,1),(8,2),(3,1), (6,1), (6,2), (12,2) [5]

that may link dynamics and arithmetic.
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Hub text identification for cross-modal embeddings

14

Can you trust these search resu

Its?

Abstract

Cross-modal embeddings, which map images and texts into a shared space, enable cross-modal retrieval. However, “hub”
embeddings that exhibit spuriously high similarity to many queries regardless of true relevance are widely observed and degrade
retrieval reliability. To analyze the nature of hubs, we propose a method for identifying “hub texts,” which show unreasonably
high similarity to many unrelated images. We demonstrate that these texts significantly degrade retrieval performance in practice.
This identification is essential for understanding the behavior of hub texts and is a key step toward mitigating their impact. Despite
recent advances in Al, including embedding models, reliability remains an open challenge. In particular, the conditions under which
models exhibit unexpected behavior are not yet well understood. Our findings contribute to a deeper understanding of model

behavior and reliability in modern Al systems.

Embedding

Represent data as their feature vectors
m Vector distances represent similarity
® Closer vectors indicate higher similarity
® Enables comparisons across modalities
> e.g.,image <> text
m Widely used in information retrieval, etc.

Problem in embedding: Hubness

® Hub embeddings: Embedding vectors that
exhibit high similarity to many unrelated items
B Hub texts: Texts that are mapped to hubs
® When included in a database, they consistently lead to
irrelevant search results regardless of the query

® Image embedding X Miss
@® Textembedding

' Hub text

‘ this color photo_:
today is camerak

Hub embeddin

A do catching
a frisbee

Hub text identification

B Objective: Understand the fundamental
properties of hubness by identifying hub texts

B Proposed method: Derive hub embeddings and
invert them into hub texts

(1) Hub acquisition (2) Hub decoding (3) Local search

Hub embedding has color dog...
Hub embeddin . OIQ O v ................................... p h°t°
—eo . hascolordog... :
./ \ Decoder Fomromrre e ened )
I | Hub text /

has color dog... _ this color photo...

> Derive the optimal > Generate a > Maximize
solution calculated hub text similarity to
from image candidate many images by
embeddings replacing words

m Contribution: First identification of hub texts in

cross-modal embeddings
® Hub texts show higher similarity than human
captions for up to 90% of images

Examples from image-text embedding model “CLIP”

a desk
W [ssues: The causes and fundamental properties
of hubs remain unclear
® What kinds of vectors become hub embeddings?
® What kinds of texts become hub texts?

> Naive identification method requires exhaustively
checking all possible texts, which is infeasible

Two men
holding kites

Human caption 7wo dogs are playing on the 65.7%
beach catching a Frisbee.
today color photo__:
dishstaged mms middle ],
croc ée # trot maker gely bw
8 oarded<U+FEOF>:
garethapproached cision
Two computers are sitting
on top of the desk.

today color photo__:
dishstaged mms middle ],
croc ée # trot maker gely bw
8 oarded<U+FEOF>:
garethapproached cision

B Future direction: Analyze identified hub texts
and develop methods to mitigate their impact

Hub text 70.0%

Human caption 62.8%

Hub text
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The effectiveness of picture books for emotional education

1 5 How is envy depicted in picture books?

Abstract

Envy can motivate self-improvement, but it can also lead to low self-esteem and interpersonal problems. It is particularly important
to teach children how to handle envy appropriately. However, adults are unlikely to express envy in daily conversation, making it
difficult for children to acquire the language used to describe it. We examined how picture books use words related to envy and
evaluated their effectiveness as tools for emotional education. Previous research primarily focused on analyzing the frequency of
emotion words. Our database of full-text picture books enables us to analyze their contexts, such as events that trigger envy. Our
findings revealed that the various situations in which envy arises in daily life are also depicted in picture books. Picture books help
children develop emotional understanding and interpersonal skills by allowing them to imagine characters' feelings while learning to
express and respond to their own.

The acquisition of emotion words
The unpleasant emotion that can occur when an individual lacks

Innate emotions Emotions arising from something that another person has.
the presence of others

+ Acquiring words that express social emotions

Basic Social such as envy is important for maintaining
Emotions Emotions one’s mental health and interpersonal
relationships.
Sadness Envy « Picture books are rich in emotion words.
Happiness Pride
Anger - Guilt - Can children learn words that express envy and the situations in

which to use them through picture books?

Analyses of how envy is depicted in picture books

Analysis 1: Frequency of words expressing envy Analysis 2: The target object of envy in sentences containing
in the database of 8,860 picture books the word urayamashii

Frequency| Volumes Frequency| Volumes

(Token) (Types) (Token) (Types)
Urayamashii 309 225 ﬁ> Possession 59 19.1%
linaa 211 149 Experience 54 17.5%
Zurui 58 50 Status, life, and/or money 49 15.9%
Netamashii 25 22 Interpersonal relationships and/or family 48 15.5%
Shitto 8 5 Ability, talent, and/or personality 39 12.6%
Senbo 1 1 Temporary food 26 8.4%
Physical attractiveness 22 7.1%
The words /inaaand zuruihave multiple meanings Introduction of the word or proverb 11 3.6%
By Others 1 0.3%
Total 309 100.0%

Picture books contain a variety of words that express envy and the contexts in which they are used, suggesting that they
may be useful for emotional education.
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An Al system for talking about picture book impressions

1 How was that story?

Abstract

Dialogues about picture books are known to enhance children’ s interest in reading and support their language development.
However, parents around them cannot always secure sufficient time for such interactions. To address this issue, we are developing
a dialogue Al system, “PitarieChat,” that enables children to discuss their impressions of picture books. By using a large-scale
picture book and children’ s book corpus constructed by NTT, we achieved empathetic dialogue that elicits children’ s impressions
and enhances their motivation to read. Furthermore, by adopting tsuzumi 2 for the dialogue engine, the system enables natural
conversations grounded in the attributes of the robot and the user, as well as the content of the picture books. In future work, we
aim to develop personalization methods based on children’ s age and individual characteristics, as well as dialogue control
techniques to realize a conversational Al that enables each child to enjoyably develop their thinking and expressive abilities.

PitarieChat Field experiments

m Conversations about picture books not only enhance m lwata City Childcare =~ ® Okinawa Prefectural
children’s interest in reading but also contribute to Support Center Library
their language and emotional development « Scenario-based « LLM-based
= Securing sufficient time is not easy * 2023/10/11-2025/4/3 * 2025/10/27-2025/11/3
m Constructs PitarieChat for talking about picture book (about 18 months) (7 days)

+ Numberof users: 5,970°  + Number of users: 148\

Impressions Only children aged 12 or under were counted.

« Utilizes NTT’s proprietary picture book corpus
+ 9,000 books, with ongoing expansion
» Employs a robot* that engages children in dialogue to
encourage spontaneous impressions about picture
books, shows empathy, and deepens their reflections

System overview

Dialogue flow @ Idenbti)fgkpicture

Dialogue example (LLM)

Robot: Okay, let’s talk about Harry the Dirty Dog. How
was the story?

User: It was fun.

Robot: It was fun seeing Harry get all muddy and go
on lots of adventures! What part did you like the most?
User: The part where he got muddy.

Robot: You liked the part where Harry got all muddy
and played a lot the best. Playing in the mud like Harry
4 |isreally fun, isn’t it? Let me know if there were any
other scenes you liked.

User: The part where he became clean again.

i Robot: The part where Harry came back clean was
. nice too. When everyone brushed and washed him, his
Use r eva lu atl ons white fur showed again, and he looked really happy.

Q. Did you enjoy talking with me?

25

(® Conduct a

= Gnata City Childcare Support Center  Okinawa Prefectural Library \
4% 2%

surve
@ Very fun
@ Somewhat fun

9%
el L O 2L \ \‘
20% 24%
Implemented two types of systems
1. Scenario-based
* Rule-based empathetic dialogue ( based) (LLM-based)

@ Notveryfun
@ Not fun atall

. \_ Scenario- y,
+ Small language model (SLM)-based chit-chat . R
« Uses Japanese Dialogue Transformers Q. Want to read more picture books?
2. LLM-based _ o Very much (Scenario-based) 63%  (LLM-based) 79%
* Empathetlc_ dlalogue grounded In picture book » Improvements in response performance by the LLM significantly
content using a large language model (LLM) increased ratings of enjoyment and reading motivation (y? test,
* Uses NTT’s LLM tsuzumi 2 p < 0.001).
« Basic information is provided in the prompt: « Infuture work, we plan to investigate personalization methods
. . ’ based on children’s age and individual characteristics.
+ Picture book title and text

« Brief profiles of the robot and the user t Sota: https://www.vstone.co.jp/products/sota/
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Dataset construction and analysis for both empathy types

17

Measuring cognitive and affective empathy

Abstract

Empathy involves both cognitive empathy, understanding another person’ s feelings, and affective empathy, physically resonating
with them, yet their relationship remains poorly understood because datasets capturing both are scarce. In this study, we
simultaneously measured subjective ratings of emotional intensity and physiological responses such as heart rate from both senders
and receivers, and analyzed their links. To enable this, we built a unique multimodal dataset containing time-series ratings and
physiological signals from both actors and observers. Our analyses showed that receivers with a stronger perspective-taking
tendency understood emotions more accurately, while their physiological responses were less likely to synchronize with those of
the sender; this pattern also varied by emotion type. By separately measuring these two forms of empathy, this work could support
dialogue assistance, remote stress-sign detection, and burnout support.

Two types of empathy

Cognitive empathy
Understanding another person’s
emotion with the mind

Affective empathy

Another person’s emotion
“spreads” to the body

Sample images
created by
generative Al

Dataset constructed for a multifaceted
understanding of two types of empathy

Sender (empathizee)

» 8 professional actors Experiment 1

« 7types of emotions + 12 participants (6 per video)
56 videos, each 1-3 min long + Emotion category unknown
Sample| ez Experiment 2

generative Al 87 participants (43 per video)
« Emotion category known

Real videos were
actually used.

i Publishe To be released in the future
o d
Subjective Lo e
_ ratingsof 3 Similarity = CogmtEleempathy
5 emotional & 'i ' =
2 intensity Z N\ 3, ~ :
Time Time
Multi-facet analysis is
S possible
g Physiologicalz, z. Personality
< responses Time < Time traits

*Measured using

(heart rate, HR) the Davis IRI

similarity=  Affective empathy

Advantages of using actors

Strong emotions can be reproduced more stably, and clear sender-
side ratings and physiological responses can be obtained, making
it easier to capture differences between the two types of empathy
and individual differences among receivers.

What the data analysis revealed

Overall Trend

Senders’ intense performance and the receivers’ calm

observation support accurate emotion understanding

(1) Senders’ HR increases during acting, while receivers’ HR
slightly decreases during rating (viewing).

(2) More intense sender performance leads to more accurate
emotion understanding in receivers.

Influence of Individual’s Personality Traits
Trade-off between “understanding” and “catching” emotions.
Receivers with a stronger tendency to take another person’s
perspective (measured by questionnaire):

(3) understand emotions more accurately, while

(4) their physiological responses differ more from those of the
sender. However,

(5) for anger, this relationship is reversed.

(2) Greater sender HRrise
makes the emotion easier for
observers to understand

(5) For anger, this
relationship is reversed.

Cognitive

Exp.1 r=.88
e empathy

Exp.2 r=.76

Aysusiu|

] Strong physiological 5
gaﬁoﬁsal : Affective
empathy
& R % it\’
Sender RIS ——
-~

(1) Senders give inten

performance

HRincrease % (1stvs 2nd half of video)

40 Rises markedly
during acting

20
‘11111,

Sa A F HD Su

(1) Receivers observe
calmly

HRincrease % (1stvs 2nd half of video)
Exp.2

Sa A F HD Su
Sadness, 0 m g g ==
Anger, Fear, -2 |
Happiness,
Disgust,
Surprise

Slight decrease during rating
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Smartphone-based foot skill and postural control evaluation

1 8 What do circular leg movements tell us?

Abstract

Lower-limb motor control is closely related to health and fall risk, yet its quantitative assessment typically requires expensive and
specialized equipment. Here, we present a simple method for evaluating foot dominance and postural stability using the variability
of circular leg movements measured with a smartphone. Participants performed fifteen-second circular leg movements while the
smartphone recorded acceleration data from which movement variability was quantified. The variability measure showed good
agreement with conventional measures of postural stability obtained using dedicated equipment. Compared with the conventional
approach, the proposed method is low-cost and halves measurement time. Our work contributes to the development of practical
techniques for estimating motor function from everyday body movements, supporting a future in which individuals can monitor
physical ability, health status, and fall risk using widely available devices.

Leg movement variability can be used to assess
postural stability

Conventional method Proposed method
Leftleg Rightleg Leftleg Rightleg

Importance of postural stability

e Walking is essential, and age-related
falls are a major issue

e To estimate the risk of falling,
postural stability (ability to stand
upright) must be quantified

NI 10 [mm) <SS

COP area ?ﬁg"‘rjgffzse " Acceleration variability
ope o Larger area = less stable Lower similarity across repeated
Postural stability is not easy to posture circles = larger variability

measure

Larger acceleration variability indicates

less stable posture
Acceleration variability and COP area were significantly related

Conventional measure of postural stability €.
e Using aforce plate, the area of the body’s C&'

. 2 Participant A N=25 Participant B
Center of Pressure (COP) is calculated ' Small area ' s 8 ' Large area ,
(Conventional) IS (Conventional)

e Issues £ T, R

o Equipment is expensive % & L 0 )

0 Multiple 30-60s measurements are ] F] L

. : H o,
required CoP smalerabity e X e |
o Significant barriers to wide adoption 7N Q6 peo.o14

01 02 03 04ip
Acceleration variability | ¢

Expensive force plate —p

Proposed method more reliable than conventional one

Proposed method

e Smartphone strapped to the leg records
variability during 15s circular movement

« Intra-class correlation analysis showed higher
repeatability for the proposed method in both legs.

e Variability of leg movement was e o interval) IAMAGEUE Relative to conventional
compared to conventiongl_ Ehorerepeatable - NOM - pominant method, the proposed one is:
measure of postural stability e 0.62 0.48  Fast

(Conventional)  (0.40-0.79) (0.25-0.70) l Affordable
*Each leg was measured three times C::;'sirl?tm" 0.84 0.80 ( More reliabl
Smartphone (Propose’é) (0.72:0.92) (0.65-0.90) orereliable
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Improving competitive performance requires objective evaluation of the mental states and levels of expertise that lead to victory.
However, lacking sufficient scientific support, conventional assessments still depend heavily on coaches’ experience and intuition.
This study measured athletes’ physiological states during esports competition and examined whether brain activity could predict
match outcomes, as well as differences in physiological responses between advanced and intermediate players. We found that pre-
match electroencephalograms could predict match outcomes with about 80% accuracy, that advanced players showed increased
muscle activity at decisive moments, and that pronounced cardiac synchronization emerged when advanced players competed
against one another. These findings enabled us to quantify, for the first time, the internal bodily states that influence winning and
losing, and to establish a new metric for evaluating depth of expertise. This study may support evidence-based training, skill
assessment, and mental-control technologies applicable to medicine, construction, and other high-pressure settings.

« In top-level matches between evenly matched players, [Training model] [Output datal
the mental factor is often said to decide the outcome 4000 trials EEG data

+ Although this factor has been studied from many dimensions, Win  Loss
what happens in the brain and body remains unclear Pattern Pattern

Focusing on esports (-»)

or Pre-match
EEG predicts
the outcome

Prediction

* More dependent on Pre-match Results ~ Wwith about
mental than physical _—— == 300 accuracy
« Accurate bio-signal RAT.Y KO
measurement during ;
matches - Trained on EEG 5 Trained on Stats g
- = EEG predicts
Our study | . _ ) 8 == == == | &80 } even complex
 Physiological recording during fighting video game play §70 g0 - upsets
+ We tested whether pre-match EEG! predicts Win/Lose E gg §§g e | missed by
« We examined mental-related EMG? and HR® dynamics < 20 = = | ﬁgtmn;;onal
that distinguish advanced from intermediate players All Same level Upset All Same level Upset

| 1: Electroencephalogram, 2: Electromyography, 3: Heart rate | An optimal pre-match brain state helps decide the match results

= Arm EMG at match end Time course of muscle activity We tested whether opponents’ HR transition
-“c:’ 0.5 S 05 HRs synchronize
K i
£.05 Z .05 A \,' (b
< -8 Time(s) 0(KO) -8 Time(s) 0(KO) WVW"’ f “WMW Lk
0  Time(min) 15
No HP bar Sparring
g 04 p<005 04 p<001 504 n.s.
; 0. 2 ;O 2 202
Normal — Win No HP bar Sparring S 0 S 0 S 0'
KO (t=0) —Lose Visual state is hard to read Little motivation to win Ad. Vs Ad.Int. vs Int. Ad. vs Ad.Int. vs Int. Ad. vs Ad. Int. vs Int.
U Advanced ¥ Intermediate up Advanced Intermediate up Advanced  Intermediate Greater synchronization Greater synchronization  Little synchronization
o >° e = H o & F among elites among elites among either
ez 7 Pt W 93
§*§ §% s 4 8 W ‘ Corr. coef.: Correlation coefficient, Ad.: Advanced player, Int.: Intermediate player ‘
- n . 00", - S N Down E;f,wn Down Advanced players sharg the.experie.nce so deeply that
Time(s) Time(s) '8Time(s)0 5 Time(s)o ’8Time(s)0 '8Time(s)0 they synchronize physiologically with opponents
Muscle activity Increases only Ay o ore .
igresses in bioth ' Advaniced No change in either Clutch ability and expertise level can

Experts read the situation without explicit cues and exert force at the right moment  NOow be measured objectively
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Individualized hormone—performance relationship & regulation

20 What Hormonal States Drive Elite Victory?!

We investigated the mind—body states that support winning in elite athletes by examining how pre-race hormonal states relate to
performance in professional Formula car drivers in real competitions. Hormonal profile linked to high performance varies across
individuals, suggesting that there is no single optimal competitive state for all athletes. Using field data collected at actual race
events, we also established a practical method to predict and adjust competition-relevant hormone states. In one case, where lower
cortisol was associated with better performance, a short pre-race nap successfully reduced the athlete's cortisol level. These
findings may enable individualized psychophysiological adjustment strategies for high-pressure performance settings with potential
benefits for athletic performance and coaching theory.

Hormonal States That Support Winning in Elite Athletes

Bold and cautious behaviors can affect competitive outcomes, and hormones help shape them [1,2].

Testosterone: A male hormones ! Cortisol: A stress-related hormone
. “" associated with bold behavior (risk-taking). ) associated with cautious behavior (risk avoidance).

However, the optimal hormone states for high performance remain unclear, and practical adjustment methods are still lacking.

o)</ To examine hormone-performance relationships in competitions and explore an on-site adjustment method \

Athlete-Specific Hormonal States Linked to High Performance in Real Competitions

Study Overview Better .
We focused on motorsport, in which boldness and caution Drivera 1 0-004 . ~0.005

can affect performance, and collected data from two elite t)o

professional drivers in the Super Formula, the highest Q 2 0

tier of formula racing in Japan. g —b W, 0008 - Lo

Hormone Analysis e &3liva s 40- - ; =0‘9~11;0 e . f_: -0.33
Saliva samples were collected before driving, frozen, ) collection _E‘ P Bl Bl .

and subsequently analyzed for hormone concentrations. before driving.

0.002 - , 0.004

Performance Analysis S DriverB i L L

Lap time improvement between the two qualifying runs L o TN /

was analyzed. S P 0 -~ - )
A //’t — -0.002 r=-0.33 ' e =038

Time

imei i i Worse L -0.004
Best Time in Each Time Relative to the 70 90 110 130 2 4 6
Course Record : T,[s] Qualifying Session  Course Record Cautious Bold Bold Cautious
— : Testosterone (pg/mL) Cortisol (ng/mL.
Qualifying 1 I(Ar:l:Dg(;/g;) Ty[s] — Sp1=T:/ Ty 1 Performance was pe/ .( g/mt)
Top 12 Drivers . o 1T evaluated using ‘ Testosterone ’ Cortisol
ualitying 2 o T, o8l — 27 2 best lap time. = < < =
. iy Qualifying 1 i e b Driver A | No relationship Lower is better
Time Improvement: S, - S, adjusted for environmental factors . . . .
* Positive values indicate improved performance on Qualifying 2. DriverB | Lower is better Higher is better

Case Study in Driver A: Lower Cortisol Linked to Better Performance Q =58 « Higher morning max
Prediction of afternoon cortisol: 228 b o heart rate predicted
d . " g P B . - . "
f(\&e:::%r;ncgo;tel:gilocnhanges were predicted from the maximum heart rate during c8g - . higher afternoon cortisol.
N © L .
On-site adjustment: = é s E T
Based on evidence that napping can reduce cortisol levels[3,4], napping was e® &E = ¢ « Thenap successfully
introduced during the midday break when high cortisol levels were predicted. $ec = . lowered the cortisol
10-15 min Nap . EE5 2. level below the
1 S &e 170 180 predicted value.

\ Maximum heartrate @ : Nap before the afternoon race

Morning session Midday break Afternoon session during the morning session (bpm)
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Humans act in rich and complex everyday environments, but it is still difficult to understand how the brain works in such situations
and whether a person’ s mental state can be estimated from natural behavior. This exhibit introduces a series of studies that
extend mind reading beyond the laboratory by using eye and brain signals measured during daily activities such as driving,
cooperative gameplay, and video viewing. Based on knowledge from controlled laboratory experiments, we show that it is possible
to estimate higher-level mental information in more realistic settings. Examples include detecting attentional state and
concentration during natural driving, finding cooperative states from eye-related signals during team play, and decoding perceived
or imagined video content from brain activity. In the future, this approach may support better communication and adaptive
assistance by adjusting information presentation and interaction to each person’ s state. In driving, for example, it may help driver
monitoring systems detect inattentive states.

—> Mental image of video [3]

&

AL ><|nS|de MRI machine

Building on methods from conventional

laboratory experiments

m Can we read good and bad states from the
eyes, which are relatively easy to measure?

® Can we also decode nonverbal cognitive

b/ jo=

Difficulty of
measurement

content by measuring brain activity? Amount of information = DMVINBH -0 otive game )
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Route image
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People encounter events that violate physical laws in virtual worlds, yet they do not simply treat them as something they cannot
understand. Instead, they make sense of how that world works by drawing on past experiences and evaluations. This study
investigates how people form an understanding of virtual worlds. We developed a questionnaire scale to measure player experience
in video games that contain many non-realistic events, enabling us to empirically examine the process of understanding. Using this
scale, we found that experiencing a new game can reshape how previously experienced worlds are evaluated, a phenomenon we
call a retrospective effect. These findings provide a basis for designing virtual worlds that people can naturally engage with,
supporting more immersive learning and training experiences that promote lasting behavioral change.

/-

. Magic J* ) Player experience in video game remakes

One’ derstandi e ld e, |l ® Space «4 Remakes reconstruct the world of the original.
NeS UNAErStanting of oW a WOTIU WOTIG: | «Horrar Comparing player experience in remakes and the original

\ ete. reveals key aspects of world understanding.

Which aspects

Non-realistic worlds
Games and VR offer many diverse worlds beyond reality.

— Useful for studying how people understand a world. Original should be Same
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non-realistic worlds setin Compare S

By examining which aspects of game experience make the same : player .°
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how people form an understanding of non-realistic worlds. J Remake
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understand a world.
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