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CLEAN PAPER

WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Sé awon robot “foundation models” nla sis¢ daadaa
ju? Idahun t6 sora: di¢ ni béeni, Opo study ko si le so
iyato

Toyota Research Institute ko “large behavior models” — robot policies ti a pretrain lori ~1,700 wdkati
diverse manipulation data — won si fi won wé from-scratch single-task policies pélii blind, randomized,
large-sample evaluation (~1,800 real-world, 47,000+ simulation) ati statistics gidi. Léyin per-task fine-
tuning, big models se ddadda ju ni average, nilo t6 3-5x task-specific data t6 kéré si i, won si robust si
i nigha conditions yi pada; performance po lowolowo bi pretraining data se po. Siugbon ldisi finetuning
won ko consistently segun single-task models, opo effect kéré to bée ti sample nld nikan fi han won, data-
normalisation choice mundane kan si ni ipa t6 po ju architecture lo. Eyi jé support t6 measured fiin robot-
Jfoundation-model direction — ki i se general-purpose robot, ki i se zero-shot generalist, ki i se ‘emergent
leap” — peli ikilp pé opo robotics research lé 1i won noise.

Written by Lucio Vaglio - Cross-checked by Laura Nesso - Edited by Michele Renda - Figures by Laura Nesso and
Nova Vela - Al-assisted, human-reviewed

Paper: A Careful Examination of Large Behavior Models for Multitask Dexterous Manipulation, Toyota Research Institute Large
Behavior Model Team — J. Barreiros, A. Beaulieu, et al.; senior authors incl. R. Ambrus, B. Burchfiel, S. Feng, H. Kress-Gazit
(Cornell), R. Tedrake, Science Robotics (2026); preprint arXiv:2507.05331 - DOI: 10.1126/scirobotics.aea6201
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THE CLEAN PAPER robotics
iw€ 1iwadii robot kan ti koko gidi re j€ otitd

Robotics wa laarin ifé tuntun si “foundation awose”. Erd nda, ti a gba l4ti ede ati image Al 1i fa &niyan méra: dipd
ki a ko robot kan fiin isé¢ kan 1é¢kan, ko “large ihuwasi awose” (LBM) 1ild kan 16ri akéjopo demonstration td
PO, t6 si yato si ara won, ki a si ni eto t6 I& se Opo niikan ti 6 si & fara m¢ isé tuntun kidkia. Itara ndd — ati owé
ti won 1 fi sind ré — po gan-an. akolé rorun lati ko: opolo robot to lé se gbogbo nnkan ti dé.

iwé iwadii yii lati Toyota Research Institute se pataki gan-an nitori pé 6 ko lati ko akolé yen. Contribution gidi r¢

i1 se robot t6 11 se spectacle t6 po si i. o} j€ ayewo lile si ibéere t6 da bi eni pé 6 rorun — sé big-model ona nda
sis¢ ddadda jit lop ni tootg, bawo la si se lée mo? — pelud iséra statistical ti awon olukowé finra won so pé€ ko wopo
nind field nda. Abajade jé “béeni, sugbdn” té6 wilo gan-an, ati ikilo pé Opo robotics research e jé pé won i won

ariwo.

Large behavior models: what is being compared?

The important figure is not a robot glamour shot; it is the evaluation pipeline.

Single-task baseline Large behavior model
train from scratch on one task pretrain many tasks, then finetune one

one task dataset ~1,700 hours diverse demonstrations

finetune on target task

more task-specific data needed

3-5x data-efficiency gain

Same blind test rig

randomized A/B trials + statistics

WHAT THIS DOES NOT SHOW
* not zero-shot; not a general-purpose robot; not an emergent leap

Approach méjéeji wo inu blind, randomized evaluation kan naa. Claim iwé iwadii nda ki i se pé robot foundation
awose jé zero-shot generalists, bi ko se pé pretraining e mu data efficiency ati robustness dara si i nigba ti a ba
won won pelu isora.

Original The Clean Paper diagram CC BY 4.0

Ohun ti awon olukowé se

Wén ko LBM ni itumo t6 kedere: diffusion-based visuomotor policies — Diffusion Transformer kan t6 ka image
camera, instruction éde kukuru kan, ati joint position robot finra r¢, ti 6 si i dd motor command kékeré jade ni
10 Hz. Won pretrain won léri to 1,700 wakati demonstration robot — ju isé 500 lo ti won k6 jo nind lab won,
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peld public datasets — 1¢yin nda won finetune won fin isé¢ kookan. ifiwéra jale iwé iwadii jé peld single-task
policy ti a ko lati odo 16ri ddta is¢ kan nda.

Stugbdn okan iwé iwadii nda ni evaluation, ti awon olukowé ka si abajade pataki ju lo. Lati m4 se tan ara won je,
won lo:

- Blind, randomized A/B testing nind ayé gidi — eni t6 1 sis¢ robot nda ko mo policy wo ni a i1 iddnwo, order
nda si jé randomized.

- Controlled, repeatable initial conditions — sadji idinwo kookan, operators mu scene nda ba image overlay
mu.

- idanwo pupo — 50 ayé gidi rollout fin isé-sise kookan, policy kookan ati condition kookan; 200 fun isé-sise
kookan nint simulation. Lapapo: t6 1,800 blind ayé gidi rollouts ati ju 47,000 simulation rollouts lo.

- Statistics t6 t0 — Bayesian isir0 afojisun fin probability of success, ati pairwise hypothesis idanwo pela
multiple-comparison corrections, dipd ki won kan wo asise bars t6 overlap. Won tin se quality-assurance 16ri

idamérin awon idanwo ti éniyan score l1ati won scoring asise.

[video pending]

Afiwé side-by-side ti awose méji ti won i séto tabili breakfast: ni 0si, single-task baseline; ni otun, LBM. Fidid
méjééji n sisé ni 1x speed. Eyi j¢é isé-sise kan ti a se evaluate, ki i se éri general-purpose autonomy.

2

Ero evaluation yii gan-an ni kéké. Gbogbo iwé iwadii nda i so pé 14isi re, o soro lati mo imtigbooro gidi kird nind

oriire.

Ohun ti won ri

Big awose ti a finetune dara ju single-task awose ti a ko lati odo lo — ni average. Nigba ti won ko isé-
sise jo, LBM ti a pretrain, ti a si finetune fun isé-sise kan, se ddadda ju policy ti a ko lati odo 16ri isé-sise nda
lo, nind simulation ati ayé gidi, separation nda si jé statistically significant. Fin is¢-sise kookan, finetuned LBM
jé statistically as-good-or-better ju from-scratch 1o ni fere gbogbo oran (3/3 ayé gidi isé-sise, 15/16 simulation
is€-sise).

Ere t6 tobi ju, to si mé ju, ni data efficiency. Finetuned LBM dé performance t6 dégba pelii from-scratch awose
nipa lilo t6 3-5x data task-specific to kéré si i. Nina ayé gidi isé-sise kan — sise tabili breakfast — LBM ti
won finetune 16ri 15% demonstration nikan ségun from-scratch policy ti a ko 16ri 100% demonstration.

Pretraining se iranlowo ju nigba ti condition ba yi pada. Nigba ti wén modmo yi iddnwo environment kiro
ni training conditions (“distribution shift”), advantage finetuned LBM po si i. Nind simulation set kan, 6 ségun
from-scratch statistically 1611 3 nind 16 isé-sise ni normal condition, suigbdn 10 nind 16 ni distribution shift. Nitori

deployment gidi mda 1i ya si training conditions, robustness yii 1¢ j¢é abajade t6 wulo ju lo ni ise.
Pretraining data t6 po si i se iranlowo, 10wolowo. Performance goke di¢die bi won se fi pretraining data kin
un — Ko si sudden jump tabi “emergent” leap ni scale ti won idanwo. O wiilo, 6 seé sotéle, ko si ni drama.

7N 2

Sugbon itan generalist laisi finetuning ko daré. Pretrained LBM ti a lo ni zero-shor — laisi task-specific
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finetuning — ko consistently ségun single-task policies. Network kan 1¢ se 0po isé-sise, sugbon ald “kan fin un ni
prompt” ko farahan nibi; awon olukowé so pé apd kan 1¢ jé nitori ede encoder kékeré won ko ldgbdra to.

Awon gain naa si kéré té bée ti 6 rorun lati padanit won — tabi lati se eni pé won wa. Opo ipa ko han titi ti
apeere iwon fi tébi ju bé se wopo lo ati ti idanwo fi sora. Awon olukowé so ni kedere pé, niwo iye ipa ati ariwo,
ewu to po wa pé opo robotics iwé iwadii 1 won statistical ariwo. Wén tin ri pé yiyan té da bi ohun kékeré —
bi a se normalize data — ni ipa t6 pO ju architectural changes 1o, ati pé normalization bug kan nind pretraining
ko farahan titi I¢yin ti evaluation pari.

Ohun ti eyi se€ tamo si

Ttumd t6 1& daabd bo: large-scale pretraining 16ri robot déta t6 yatd jé ingredient gidi t6 wiild — 6 din ddta tuntun
ti a nild fan isé-sise kookan ki, 6 si mu policy lagbara si i nigba ti ayé gidi ko ba training mu. Eyi se se atiléyin fin
fin itgsona ti field 1 t¢ si. Sugbodn gain nda jé moderate ati conditional: won han ju lo I€yin finetuning, ni aggregate,
ati nigba stress; ki 1 se ibi drop-in gbogbogbo robot kan.

Itumo mii té daké sugbdn t6 se pataki ju ni methodology. iwé iwadii nda da bi measuring stick: 6 fi iye eri ti a nilo

gan-an han lati so claim t6 seé gbéke 1€ nipa robot policy, 6 si i daba pé Opo excitement ti a t¢ jade dird 16ri eri
t6 kéré ju. Field naa nilo correction yii ju awose tuntun mii lo.

Ohun ti eyi ko fi eri mule

Ki 1 se general-purpose robot. Awon win nda wa fin architecture kan pato (diffusion policies), ti a finetune
fin isé-sise kookan, nint controlled settings, lati teleoperated demonstrations — ki 1 se autonomous robot t6
I se is€ tuntun kankan nipa command.

Ko validate zero-shot 10. L4isi finetuning, big awose ko consistently ségun single-task baselines.

Ki i se eri fin “emergent leap.” Scaling mu performance dara si i [owoldwo; ko si discontinuity ti 6 se se
atiléyin fin fin itan “I¢yin nda 6 lojiji di capable.”

Awon némba jé relative, lab-bound. Absolute success rates ni wén moomo mu stin mé ~50% ki ifiwéra 1¢ jé
sensitive; ki 1 se measure ti ayé gidi reliability, is¢ nda si jé architecture kan lati lab kan.

Ko salayé idi ti policy kan fi saseyori tabi kuna; isé-sise kan t6 jé pé big awose se burd si i wa, suigbén won ko
salayé gbogbo won.

Ko so ohunkdhun nipa aabo, autonomy, tabi deployment nita evaluation rig.

Bawo ni ¢ri se lagbara t6?

Fun central comparative claims — pé finetuned LBM ségun from-scratch baselines ni aggregate, nilo data t6 kéré
siil9p0 igba, 6 si robust si distribution shift — ¢ri nda ldgbdra o si controlled ju bo se wgpo lo: blind, randomized,
large-sample, statistically tested, peld QA 16ri scoring. Eyi jé okan lara awon rare oran ti methodology déra t6 bée
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ti a le gba akolé conclusion r¢ ni pekipeki.

Awon caveat t6 jé otitd ni awon olukowé fiinra won so. Error bars won gba randomness ti evaluation, sugbdn
ko gba randomness ti training — ti o ba train awose kan 1éémeji, o I& gba policy t6 yatd ni meaningful way,
variation yen ko si wa nint statistics. ayé gidi isé-sise ni 50 idanwo kookan, t6 1¢ ri medium ipa sugbdn t6 1 padanu
small ipa. Language-conditioning lo encoder t6 modest, nitori nda claim “kan so fiin robot ohun ti 6 f& se” I¢ ya
nind &to té tébi sii. Won tin so normalization bug ti won ri 1€yin evaluation ni kedere. Ko si eyikéyii t6 pa pataki

awdri run, sugbdn won jé gangan ird ninkan ti iwé iwddii nda so pé field sdba méa 1 koj4 sile.

Akosile orisun kan ni ¢mi kan nda: explainer yii d4 16ri preprint awon olukowé. A ko e gba journal-published ¢da,

s\ 2

nitori nda a ko sayewo boya ayipada wa laadrin preprint ati published text.

Ki nidi ti 6 fi se pataki?

“Robot foundation awose” jé phrase t6 rorun lati overclaim, iwé iwadii bdyii si rorun lati ka Iona méji t6 burd —
gégé bi ‘0 sis¢!” tabi ‘overhyped ni gbogbo ré.” Itumo t6 pé wilo ju méjeeji lo: pretraining 16ri diverse data i fanni

ni anfaani gidi, measurable, suigbén moderate — padpad data té kéré fun isé-sise tuntun ati robustness té po —

performance si i dara si i ni gna t6 seé sotéle bi scale se i po.

Idi t6 jinle ju ni pé iwé iwadii nda lo rigor re si field tire. Nipa fifi han pé ipa gidi kéré t6 bée ti sloppy evaluation 1
mu un paré, ati pé yiyan mundane bi data normalization I¢ ni ipa té p ju architecture tuntun 0logbon lo, 6 11 jiyan
pé OpO robot-learning progress nilo measurement té ldgbdra sii ki a té gba 4 gb¢. iwé iwadii t6 1 lo credibility tire
lati so aala 1dadrin abajade ati ifé jé ohun t6 sowon, t6 si ni iye ju jijé number Okan 16ri leaderboard lo.

Akotan kedere

Awon oluwadii ni Toyota Research Institute ko “large ihuwasi awose” — diffusion-based robot policies ti a pretrain
1611 t6 ~1,700 wékati diverse manipulation ddtd — won si fi won wé from-scratch single-task policies peld protocol
té rigor gan-an: blind, randomized, large-sample (/1,800 ay¢ gidi ati 47,000+ simulation iddnwo), pelu statistics
gidi. Léyin per-task finetuning, big awose se ddadéda ju ni aggregate, won nilo t6 3-5x data task-specific to kéré
si i, won si robust si i nigba ti conditions yi pada, performance si ri goke 10wolowé bi pretraining data se po.
Sugbén laisi finetuning, won ko consistently ségun single-task awose; Opo ipa kéré t6 bée ti apeere 1ild nikan
fi han won, data-normalization choice mundane kan si ni ipa t6 pd ju architecture lo. Eyi jé se atiléyin fun t6
measured fun itgsdna robot-foundation-model — Ki i se general-purpose robot, ki i se zero-shot generalist, ki
i se “emergent leap” — peli ikilo t6 td pé Opd robotics research 1¢ jé statistical ariwo.

Ayewo laisi aseju

Ohun ti iwé iwadii fi han: P¢la blind, statistically-powered evaluation t6 rigor (=~1,800 ayé gidi + 47,000+
simulation rollouts), multitask-pretrained-then-finetuned diffusion policies (LBMs) ségun from-scratch single-
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task policies ni aggregate, dé performance t6 ddgba peli ~3-5x task-specific data t6 kéré si i, won si robust

si distribution shift; performance 1i po 10wolowo pelud pretraining data.

Ohun to6 seé gba sugbén ti a ko fi eri mile: Pé anfaani wonyi yo6o gbe 1o si vision-language-action awose t6 tobi

gan-an (¢de encoder won kéré); pé smooth scaling nda yoo t¢ siwdji ju aala data ti won idanwo lo.

Ohun ti ko fi han: General-purpose tabi zero-shot robot; “emergent” capability jump; idi fin gbogbo task-level
iklina; absolute ayé gidi reliability (success rates ni woén mu stin mé 50% fun sensitivity); ohunkéhun nipa aabo

tabi autonomous deployment.

Main limitations: Statistics gba evaluation randomness sugbén ki i gba training-run randomness; 50 ayé gidi
iddnwo fin isé-sise 1¢ padanu small ipa; architecture kan ati lab kan; ede encoder modest; data-normalization bug
kan ni wén ri 1€yin evaluation; itdpale da 16ri preprint, published eda ko tii jé checked.

Confidence wo ni gbogbogbo reader ye ki 6 ni? Giga pé multitask pretraining + finetuning 1 finni ni anfaani
gidi, moderate — padpad data efficiency ati robustness — ati pé won won wén peld iséra t6 sowon. Giga pé eyi
ki i se general-purpose tabi zero-shot robot, ki i si se emergent leap. Medium 16ri bi gain nda se mda scale si
awose to tobi. Osi ye ka gba ikilo awon olukowé ni sérieux: ipa field nda kéré t6 bée ti under-powered iwadii 1e
mda rdyin ariwo. Ipd t6 ye: measured optimism nipa ona naa, peld skepticism t6 ddra si robot-Al &si ti ko ni ird

statistical backing yii.

Awon orisun

arXiv:2507.05331
https://arxiv.org/abs/2507.05331

Peer-reviewed version (not retrieved) — Science Robotics, 10.1126/scirobotics.aea6201
https://doi.org/10.1126/scirobotics.aea6201

Project page
https://toyotaresearchinstitute.github.io/lbml/
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