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Task
Learning a grounded instruction generation system
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f(world state, system intent)
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Learning Instruction Generation 
From Human Behavior

Hand me an apple



Learning Instruction Generation  
From Human Behavior

Probably 
didn’t say it right

Hand me an apple

Observational Signals



Learning Overview
Initialization Learning from User Behavior

Supervised  
Data

Supervised 
Training

Init with GPT-2 
Weights

Training Data 
Construction

Aggregated 
Data

Contextual Bandit Training

User Interactions

Generation Model
Sample Instructions
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Continual Generation 
Learning in CerealBar

• Two agents collaborating in an environment 

• Goal: collecting card sets together  

• Uni-directional natural language instruction 

• System as a leader, human user as a follower

CerealBar is a situated collaborative game 
with sequential natural language instruction

[Suhr et al., EMNLP 2019]





Generating Instructions in 
CerealBar

• Input: game state  

• Output: instruction 
describing the follower’s 
moves and target cards 

• Which cards to select? 
→ deterministic planner

Turn right and go straight, past the lake 
and collect the three blue circle card.



Interaction Data

Go past the windmill …

For each user execution of a generated instruction:

Correct?
Grammatical?

World state

System plan

Generated instruction

User execution

Binary feedback  
questions

Both plans and executions are just 
sequences of poses



Reward Computation

Go past the windmill …

For each user execution of a generated instruction:

Correct?
Grammatical?

State Plan Instruction Execution Feedback

• Compare the system’s plan to the user execution 

• If they diverge, the instruction is not a good representation 
of the plan  

• But, could still be a good representation of user execution



Reward Computation

Go past the windmill …

For each user execution of a generated instruction:

Correct?
Grammatical?

State Plan Instruction Execution Feedback

-1Incorrect or  
ungrammatical Bad instruction

… and 
plan≈execution 

Instruction accurately 
communicates plan +1

Correct and  
grammatical

Execution reflects 
instruction meaning +1



Training Data

• A contextual bandit scenario 

• State and pose sequence are contexts to generate 
the instruction, which gets a reward

Each training example includes:

Go past the windmill …

State Pose seq. Instruction Reward

+1/-1

Context Bandit Decision



Training Objective

• Objective: maximize the reward 

• Gradient is: 
 
 

• Positive examples behave exactly like supervised learning 

• Negative examples?                                       

Go past the windmill …

State Pose seq. Instruction Reward

+1/-1
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State
Pose seq.

Instruction
Reward/label
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lim
P (·)!0

logP (·) = �1 🤯



Training Objective

• Objective: maximize the reward + IPS for negative examples 

• Gradient is: 
 
 

Go past the windmill …

State Pose seq. Instruction Reward

+1/-1
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Putting it All Together
Initialization Learning from User Behavior

Supervised  
Data

Supervised 
Training

Init with GPT-2 
Weights

Training Data 
Construction

Aggregated 
Data

Contextual Bandit Training

User Interactions

Generation Model
Sample Instructions
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Model

• Encoder-decoder architecture 

• Spatial encoding of the environment and the system’s 
plan (or execution) to a sequence of vectors 

• GPT-2 Transformer decoder conditioned on encoder 
output via pseudo-self attention [Ziegler et  al. 2019]



Experimental Setup

• Initialize the model using wizard-of-oz interactions 

• Evaluate via user task completion and similarity of 
user execution to system’s plan using earth’s mover 
distance 

• No good stopping criteria, so just train for fixed 
number of epochs 



 Long-term Study
• The model continually 

improves in generating 
instructions that relay its 
intent 

• Task completion 
improves 44.8→79.4% 

• User adaptation does 
not contribute to 
system’s improvement 
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 Long-term Study

• Users’ perception of the 
correctness of their 
actions with respect to 
system intent improves 

• Overall system 
performance improves 
4.5→10.4 points

Perceived Correctness (%)
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 Long-term Study
• Language 

becomes simpler 

• Potentially more 
attuned to the 
task 

• But some side-
effects
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Further Experimental 
Highlights

• Error analysis shows reduction of all error 
categories, such as specifying incorrect cards  

• Study shows learning signal is robust across 
different learning designs 

• More results: task-complexity breakdown results, 
comparison to supervised learning …
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<latexit sha1_base64="FgQHlkTa5242TsVkaSAj497y5Ro=">AAAB9XicbVBNS8NAEN34WetX1aOXxSp4KomKeix68aBQsV/QxrLZbtqlm03Ynagl9H948aCIV/+LN/+NmzYHbX0w8Hhvhpl5XiS4Btv+tubmFxaXlnMr+dW19Y3NwtZ2XYexoqxGQxGqpkc0E1yyGnAQrBkpRgJPsIY3uEz9xgNTmoeyCsOIuQHpSe5zSsBI921gT5Bc8Ou76s0o3ykU7ZI9Bp4lTkaKKEOlU/hqd0MaB0wCFUTrlmNH4CZEAaeCjfLtWLOI0AHpsZahkgRMu8n46hE+MEoX+6EyJQGP1d8TCQm0Hgae6QwI9PW0l4r/ea0Y/HM34TKKgUk6WeTHAkOI0whwlytGQQwNIVRxcyumfaIIBRNUGoIz/fIsqR+VnNPS8e1JsbyfxZFDu2gPHSIHnaEyukIVVEMUKfSMXtGb9Wi9WO/Wx6R1zspmdtAfWJ8/2AyR/g==</latexit>

BiLSTM

<latexit sha1_base64="VnSf2KPlSxAF9Q7631Fp+pXqofU=">AAAB+HicbVDLSgNBEOz1GeMjqx69DEbBU9hVUY8BQTxGMA9IljA7mSRDZh/M9IpxyZd48aCIVz/Fm3/jbLIHTSxoKKq66e7yYyk0Os63tbS8srq2Xtgobm5t75Ts3b2GjhLFeJ1FMlItn2ouRcjrKFDyVqw4DXzJm/7oOvObD1xpEYX3OI65F9BBKPqCUTRS1y51kD9ieiMpIg8nxa5ddirOFGSRuDkpQ45a1/7q9CKWBDxEJqnWbdeJ0UupQsEknxQ7ieYxZSM64G1DQxpw7aXTwyfk2Cg90o+UqRDJVP09kdJA63Hgm86A4lDPe5n4n9dOsH/lpSKME/MVmy3qJ5JgRLIUSE8ozlCODaFMCXMrYUOqKEOTVRaCO//yImmcVtyLytndebl6lMdRgAM4hBNw4RKqcAs1qAODBJ7hFd6sJ+vFerc+Zq1LVj6zD39gff4A1GyTHA==</latexit>

Flatten
<latexit sha1_base64="rlR+1RllmAyTpfSbHuehlTC4xJs=">AAAB9HicbVBNS8NAEN34WetX1aOXYBU8lURFPRa8eKxoP6ANZbOdtEs3m7g7KZbQ3+HFgyJe/THe/Ddu2hy09cHA470ZZub5seAaHefbWlpeWV1bL2wUN7e2d3ZLe/sNHSWKQZ1FIlItn2oQXEIdOQpoxQpo6Ato+sObzG+OQGkeyQccx+CFtC95wBlFI3kdhCdM780mnBS7pbJTcaawF4mbkzLJUeuWvjq9iCUhSGSCat12nRi9lCrkTMCk2Ek0xJQNaR/ahkoagvbS6dET+8QoPTuIlCmJ9lT9PZHSUOtx6JvOkOJAz3uZ+J/XTjC49lIu4wRBstmiIBE2RnaWgN3jChiKsSGUKW5utdmAKsrQ5JSF4M6/vEgaZxX3snJ+d1GuHudxFMghOSKnxCVXpEpuSY3UCSOP5Jm8kjdrZL1Y79bHrHXJymcOyB9Ynz/hy5IV</latexit>

Split

,… …, ….. {<latexit sha1_base64="dmAW78tUTZfjF1HBJy1fNgZY8xY=">AAAB9XicbZDLSgMxFIbPeK31VnXpJlgFV2VGRV0W3LiSCvYCvZFJM21oJjMkZ5Qy9D3cuFDEre/izrcxbWehrT8EPv5zDufk92MpDLrut7O0vLK6tp7byG9ube/sFvb2ayZKNONVFslIN3xquBSKV1Gg5I1Ycxr6ktf94c2kXn/k2ohIPeAo5u2Q9pUIBKNorc5dJyYtFCE3xGK3UHRL7lRkEbwMipCp0i18tXoRS0KukElqTNNzY2ynVKNgko/zrcTwmLIh7fOmRUXtonY6vXpMTqzTI0Gk7VNIpu7viZSGxoxC33aGFAdmvjYx/6s1Ewyu26lQcYJcsdmiIJEEIzKJgPSE5gzlyAJlWthbCRtQTRnaoPI2BG/+y4tQOyt5l6Xz+4ti+TiLIweHcASn4MEVlOEWKlAFBhqe4RXenCfnxXl3PmatS042cwB/5Hz+AK9UkeY=</latexit>

Np ⇥Np

<latexit sha1_base64="XY29Q70CdQir2QLSFsr3cypXDfw=">AAACKHicbVDLSgMxFM34rPVVdekmWIUWSplRUXcW3LisYB/QGYZMmrahmcyQZJQync9x46+4EVGkW7/EzLSL2nohcHLOPTe5xwsZlco0J8bK6tr6xmZuK7+9s7u3Xzg4bMogEpg0cMAC0faQJIxy0lBUMdIOBUG+x0jLG96leuuJCEkD/qhGIXF81Oe0RzFSmnILtzZDvM8ILA1cq/LsWuUKtLuBkpWUice2h0QcJuNEa3O3MrRF5nMLRbNqZgWXgTUDRTCrulv40ONx5BOuMENSdiwzVE6MhKKYkSRvR5KECA9Rn3Q05Mgn0omzRRN4ppku7AVCH65gxs47YuRLOfI93ekjNZCLWkr+p3Ui1btxYsrDSBGOpw/1IgZVANPUYJcKghUbaYCwoPqvEA+QQFjpbPM6BGtx5WXQPK9aV9WLh8ti7XQWRw4cgxNQAha4BjVwD+qgATB4AW/gE3wZr8a78W1Mpq0rxsxzBP6U8fMLHsGmBQ==</latexit>

h(h1, w1), . . . , (h|p̄|, w|p̄|)i
<latexit sha1_base64="tyPKArCsJrzea5SPdSQRjj5bDAk=">AAACHHicbVDLSgMxFM34rPVVdekmWAUXpcxYUZcFNy4r2Ad0hnInTdvQTGZIMkKZzoe48VfcuFDEjQvBvzGdVtDWA4HDOecmucePOFPatr+speWV1bX13EZ+c2t7Z7ewt99QYSwJrZOQh7Llg6KcCVrXTHPaiiSFwOe06Q+vJ37znkrFQnGnRxH1AugL1mMEtJE6hYrLQfQ5xS7waAAdp4TdbqhV6UdIxq4PMonScYpdmWU7haJdtjPgReLMSBHNUOsUPsydJA6o0ISDUm3HjrSXgNSMcJrm3VjRCMgQ+rRtqICAKi/JlkvxiVG6uBdKc4TGmfp7IoFAqVHgm2QAeqDmvYn4n9eOde/KS5iIYk0FmT7UiznWIZ40hbtMUqL5yBAgkpm/YjIACUSbPvOmBGd+5UXSOCs7F+XK7XmxejyrI4cO0RE6RQ66RFV0g2qojgh6QE/oBb1aj9az9Wa9T6NL1mzmAP2B9fkNyKChwQ==</latexit>

h↵1, . . . ,↵|p̄|i

<latexit sha1_base64="QS0ehikYk1OmtqeGL1qTwgwx7lY=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LFbBU0lU1GOhF0+lgv2ANpbNdtMu3Wzi7qRYQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZ50WCa7Dtbyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtT2imeCSNYCDYO1IMRJ4grW8UTX1W2OmNA/lPUwi5gZkILnPKQEjuV1gT5BUa7Xpg1PoFUt22Z4BLxMnIyWUod4rfnX7IY0DJoEKonXHsSNwE6KAU8GmhW6sWUToiAxYx1BJAqbdZHb0FJ8apY/9UJmSgGfq74mEBFpPAs90BgSGetFLxf+8Tgz+jZtwGcXAJJ0v8mOBIcRpArjPFaMgJoYQqri5FdMhUYSCySkNwVl8eZk0z8vOVfni7rJUOcniyKMjdIzOkIOuUQXdojpqIIoe0TN6RW/W2Hqx3q2PeWvOymYO0R9Ynz/whpF3</latexit>

CNN1

<latexit sha1_base64="ef3TZ/8EmrtoY547bTElVQ9Mq9E=">AAACA3icbVBNS8NAEN3Ur1q/ot70EqyCp5KoqMeCCB4r2A9oS9lsJ+3SzSbsTsQSCl78K148KOLVP+HNf+M27UFbHwzzeG+G3Xl+LLhG1/22cguLS8sr+dXC2vrG5pa9vVPTUaIYVFkkItXwqQbBJVSRo4BGrICGvoC6P7ga+/V7UJpH8g6HMbRD2pM84IyikTr2XgvhAVWYZt0P0mvJoi6o0ajQsYtuyc3gzBNvSopkikrH/mp1I5aEIJEJqnXTc2Nsp1QhZwJGhVaiIaZsQHvQNFTSEHQ7zW4YOUdG6TpBpExJdDL190ZKQ62HoW8mQ4p9PeuNxf+8ZoLBZTvlMk4QJJs8FCTCwcgZB+J0uQKGYmgIZYqbvzqsTxVlaGIbh+DNnjxPaicl77x0entWLB9O48iTfXJAjolHLkiZ3JAKqRJGHskzeSVv1pP1Yr1bH5PRnDXd2SV/YH3+AOk5mDw=</latexit>

Encoder

<latexit sha1_base64="0xK9D3VqG93lzEw1x3mrM9dTUBU=">AAAB/nicbVDLSgNBEJyNrxhfq+LJy2AUPMVdFfUY0IPHCOYByRJmJ51kyOyDmV4xLAF/xYsHRbz6Hd78G2eTHDSxoKGo6qa7y4+l0Og431ZuYXFpeSW/Wlhb39jcsrd3ajpKFIcqj2SkGj7TIEUIVRQooRErYIEvoe4PrjO//gBKiyi8x2EMXsB6oegKztBIbXuvhfCIKkhvErPOqEBPRoW2XXRKzhh0nrhTUiRTVNr2V6sT8SSAELlkWjddJ0YvZQoFlzAqtBINMeMD1oOmoSELQHvp+PwRPTJKh3YjZSpEOlZ/T6Qs0HoY+KYzYNjXs14m/uc1E+xeeakI4wQh5JNF3URSjGiWBe0IBRzl0BDGlTC3Ut5ninE0iWUhuLMvz5Paacm9KJ3dnRfLh9M48mSfHJBj4pJLUia3pEKqhJOUPJNX8mY9WS/Wu/Uxac1Z05ld8gfW5w/e9ZVT</latexit>

Duplicate /
<latexit sha1_base64="IJpcTVLCLzKwew3v1h+cSodx8v0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CVbBVUlU1GVBFy4r2Ae0oUymk3bozCTM3Ig1FH/FjQtF3Pof7vwbJ20W2npg4HDOvXPvPUHMmQbX/bYKC4tLyyvF1dLa+sbmlr2909BRogitk4hHqhVgTTmTtA4MOG3FimIRcNoMhleZ37ynSrNI3sEopr7AfclCRjAYqWvvdYA+gBLptZmlWJAAHZe6dtmtuBM488TLSRnlqHXtr04vIomgEgjHWrc9NwY/xQoY4ebDTqJpjMkQ92nbUIkF1X462X7sHBml54SRMk+CM1F/d6RYaD0SgakUGAZ61svE/7x2AuGlnzIZm6MkmQ4KE+5A5GRROD2mKAE+MgQTxcyuDhlghQmYwLIQvNmT50njpOKdV05vz8rVwzyOItpHB+gYeegCVdENqqE6IugRPaNX9GY9WS/Wu/UxLS1Yec8u+gPr8wcDoZV+</latexit>

Distribute
<latexit sha1_base64="K+1Alzwn0WdqkhGtT9QgsT4Jhwk=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBVclRkVdVlw47KifWBbSia904ZmMkOSEcrQv3DjQhG3/o07/8ZMOwttPRA4nHMvOff4seDauO63s7S8srq2Xtgobm5t7+yW9vYbOkoUwzqLRKRaPtUouMS64UZgK1ZIQ19g0x/dZH7zCZXmkXww4xi7IR1IHnBGjZUeOyE1Qz9I7ye9UtmtuFOQReLlpAw5ar3SV6cfsSREaZigWrc9NzbdlCrDmcBJsZNojCkb0QG2LZU0RN1Np4kn5MQqfRJEyj5pyFT9vZHSUOtx6NvJLKGe9zLxP6+dmOC6m3IZJwYlm30UJIKYiGTnkz5XyIwYW0KZ4jYrYUOqKDO2pKItwZs/eZE0zireZeX87qJcPc7rKMAhHMEpeHAFVbiFGtSBgYRneIU3RzsvzrvzMRtdcvKdA/gD5/MHvpaQ4Q==</latexit>

S

<latexit sha1_base64="8sbk3SCI717RPSBvyIKJ8G6yLAE=">AAAB8nicbVDLSgMxFM34rPVVdekmWEVXZUZFXRbcuKxoHzAdSibNtKGZZEjuCGXoZ7hxoYhbv8adf2OmnYW2HggczrmXnHvCRHADrvvtLC2vrK6tlzbKm1vbO7uVvf2WUammrEmVULoTEsMEl6wJHATrJJqROBSsHY5uc7/9xLThSj7COGFBTAaSR5wSsJLfjQkMwyh7OJ30KlW35k6BF4lXkCoq0OhVvrp9RdOYSaCCGON7bgJBRjRwKtik3E0NSwgdkQHzLZUkZibIppEn+MQqfRwpbZ8EPFV/b2QkNmYch3Yyj2jmvVz8z/NTiG6CjMskBSbp7KMoFRgUzu/Hfa4ZBTG2hFDNbVZMh0QTCralsi3Bmz95kbTOa95V7eL+slo/LuoooUN0hM6Qh65RHd2hBmoiihR6Rq/ozQHnxXl3PmajS06xc4D+wPn8ASJ6kRI=</latexit>

S0

<latexit sha1_base64="J4GdwcduFRZcOjBRvZwKLJnaNjo=">AAACLnicbVDLSsNAFJ34rPUVdelmsIouSklU1GVBBJcV7AOaWCbTSTt0MgkzE6Gk+SI3/oouBBVx62c4SbuorQcGDufce+fe40WMSmVZ78bC4tLyymphrbi+sbm1be7sNmQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa4zv/lIhKQhv1fDiLgB6nHqU4yUljrmjcMQ7zECnQCpvucnUdqxHxJ5nJah0w2VLE87ycjxkNBslOY10BF5d8csWRUrB5wn9oSUwAS1jvmqh+M4IFxhhqRs21ak3AQJRTEjadGJJYkQHqAeaWvKUUCkm+TnpvBIK13oh0I/rmCuTnckKJByGHi6MltdznqZ+J/XjpV/5SaUR7EiHI8/8mMGVQiz7GCXCoIVG2qCsKB6V4j7SCCsdMJFHYI9e/I8aZxW7IvK2d15qXo4iaMA9sEBOAE2uARVcAtqoA4weAIv4AN8Gs/Gm/FlfI9LF4xJzx74A+PnF4LUqf0=</latexit>

hps0

1 , . . . ,p
s0

|p̄|i

<latexit sha1_base64="tVomgWBFrEgphE188QmqJrQJKjs=">AAACJHicbVDLSsNAFJ34rPUVdelmsAouSklUVHBTcOOygn1AE8pkOmmHTiZhZiKUNB/jxl9x48IHLtz4LU7SLGrrgYHDuffcufd4EaNSWda3sbS8srq2Xtoob25t7+yae/stGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXuj26zefiRC0pA/qHFE3AANOPUpRkpLPfPGYYgPGIFOgNTQ85Nh2rOr0OmHSlZnxWTieEgkUTpJoSNyT8+sWDUrB1wkdkEqoECjZ37ouTgOCFeYISm7thUpN0FCUcxIWnZiSSKER2hAuppyFBDpJvmRKTzRSh/6odCPK5irs44EBVKOA093ZlvL+Vom/lfrxsq/dhPKo1gRjqcf+TGDKoRZYrBPBcGKjTVBWFC9K8RDJBBWOteyDsGeP3mRtM5q9mXt/P6iUj8u4iiBQ3AEToENrkAd3IEGaAIMnsALeAPvxrPxanwaX9PWJaPwHIA/MH5+ARsKpak=</latexit>

hh1, . . . ,h|p̄|i

<latexit sha1_base64="FV3CIpQtSsy8KOYE5XPSUdmgUPc=">AAAB8nicbVBNS8NAFHypX7V+VT16CVbBU0lU1GPBi8cK1hbSUjbbTbt0sxt2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTAQ36HnfTmlldW19o7xZ2dre2d2r7h88GpVqylpUCaU7ITFMcMlayFGwTqIZiUPB2uH4NvfbT0wbruQDThLWi8lQ8ohTglYKujHBESUia0771ZpX92Zwl4lfkBoUaParX92BomnMJFJBjAl8L8FeRjRyKti00k0NSwgdkyELLJUkZqaXzSJP3VOrDNxIafskujP190ZGYmMmcWgn84hm0cvF/7wgxeiml3GZpMgknX8UpcJF5eb3uwOuGUUxsYRQzW1Wl46IJhRtSxVbgr948jJ5PK/7V/WL+8ta46SoowxHcAxn4MM1NOAOmtACCgqe4RXeHHRenHfnYz5acoqdQ/gD5/MHgK+RUA==</latexit>

P

<latexit sha1_base64="RUZWE9YKkqRfe3IXD31Flg5deVk=">AAACJHicbVDLSsNAFJ34rPUVdelmsAouSklUVHBTcOOygn1AE8JkOmmHTiZhZiKUtB/jxl9x48IHLtz4LU7SLGrrgYHDuffcuff4MaNSWda3sbS8srq2Xtoob25t7+yae/stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafvD26zefiRC0og/qFFM3BD1OQ0oRkpLnnnjMMT7jEAnRGrgB2k88ewqdHqRktVZMR07PhKajSfQEbnHMytWzcoBF4ldkAoo0PDMDz0XJyHhCjMkZde2YuWmSCiKGZmUnUSSGOEh6pOuphyFRLppfuQEnmilB4NI6McVzNVZR4pCKUehrzuzreV8LRP/q3UTFVy7KeVxogjH04+ChEEVwSwx2KOCYMVGmiAsqN4V4gESCCuda1mHYM+fvEhaZzX7snZ+f1GpHxdxlMAhOAKnwAZXoA7uQAM0AQZP4AW8gXfj2Xg1Po2vaeuSUXgOwB8YP781QqW5</latexit>

hp1, . . . ,p|p̄|i

<latexit sha1_base64="fXbfG3sfH+KYitn0x8o0qeoMoqA=">AAACLXicbVFNSwMxEJ312/pV9egltCqeyq6KehS8eKxgW6FdJJtONTSbrElWLEv/kBf/iggeKuLVv2Ha7kFbBzJ5eW+GZF6iRHBjfX/gzczOzS8sLi0XVlbX1jeKm1t1o1LNsMaUUPomogYFl1iz3Aq8STTSOBLYiLoXQ73xiNpwJa9tL8EwpneSdzij1lGqWIIWWEB4cllDDBlUgQODLhBIIXFZgXQ6cSpC2+0GHpxCR2dC9qEPhdti2a/4oyDTIMhBGfKo3hbfWm3F0hilZYIa0wz8xIYZ1ZYzgf1CKzWYUNald9h0UNIYTZiNpu2TPce0SUdpt6QlI/Z3R0ZjY3px5Cpjau/NpDYk/9Oaqe2chRmXSWpRsvFFnVQQq8jQOtLmGpkVPQco09y9lbB7qimzzuChCcHkyNOgflgJTipHV8fl893cjiXYgRIcQACncA6X7gNq7gOe4RUG8OG9eO/ep/c1Lp3x8p5t+BPe9w+4n5uN</latexit>

Pick up one red square . . .

<latexit sha1_base64="ck7u2PHklec2S2tiUg21H6jjZuA=">AAAB+3icbVBNS8NAEN34WetXrEcvi1XwVBIt6rHgxWMF+wFNKJvttl26m4TdibSE/BUvHhTx6h/x5r9x0+agrQ8GHu/NMDMviAXX4Djf1tr6xubWdmmnvLu3f3BoH1XaOkoUZS0aiUh1A6KZ4CFrAQfBurFiRAaCdYLJXe53npjSPAofYRYzX5JRyIecEjBS3654wCXT2AM2BSXTelbu21Wn5syBV4lbkCoq0OzbX94goolkIVBBtO65Tgx+ShRwKlhW9hLNYkInZMR6hobELPTT+e0ZPjfKAA8jZSoEPFd/T6REaj2TgemUBMZ62cvF/7xeAsNbP+VhnAAL6WLRMBEYIpwHgQdcMQpiZgihiptbMR0TRSiYuPIQ3OWXV0n7suZe164e6tXGWRFHCZ2gU3SBXHSDGugeNVELUTRFz+gVvVmZ9WK9Wx+L1jWrmDlGf2B9/gCsvpQd</latexit>

⇥4
<latexit sha1_base64="07c2iOvy3ObOv6zf2tq9GsNo7JY=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AKXiyJinosePFY0X5AG8pmM2mXbrJhdyKWUPCvePGgiFd/hzf/jUnbg7Y+GHi8N8PMPC8WXKNtfxuFhcWl5ZXiamltfWNzy9zeaWiZKAZ1JoVULY9qEDyCOnIU0IoV0NAT0PQG17nffACluYzucRiDG9JexAPOKGZS19zrIDyiCtOahsSXJ3cgglGpa5btij2GNU+cKSmTKWpd86vjS5aEECETVOu2Y8foplQhZwJGpU6iIaZsQHvQzmhEQ9BuOj5/ZB1lim8FUmUVoTVWf0+kNNR6GHpZZ0ixr2e9XPzPaycYXLkpj+IEIWKTRUEiLJRWnoXlcwUMxTAjlCme3WqxPlWUYZZYHoIz+/I8aZxWnIvK2e15uXo4jaNI9skBOSYOuSRVckNqpE4YSckzeSVvxpPxYrwbH5PWgjGd2SV/YHz+ADt2lZA=</latexit>

Pseudo-Self
<latexit sha1_base64="mTQpErn10MJbyKoDAQfCRw/+moo=">AAAB/HicbVDLTsMwEHR4lvIK9MjFoiBxqhJAwLGIC8ci0YfURpXjOq1VO4nsDSKKyq9w4QBCXPkQbvwNTpsDtIxkaTSzu94dPxZcg+N8W0vLK6tr66WN8ubW9s6uvbff0lGiKGvSSESq4xPNBA9ZEzgI1okVI9IXrO2Pb3K//cCU5lF4D2nMPEmGIQ84JWCkvl3pAXsEJbNrABbm2qTct6tOzZkCLxK3IFVUoNG3v3qDiCbSDKCCaN11nRi8jCjgVLBJuZdoFhM6JkPWNTQkkmkvmy4/wcdGGeAgUuaFgKfq746MSK1T6ZtKSWCk571c/M/rJhBceRkP48RcRmcfBYnAEOE8CTzgilEQqSGEKm52xXREFKFg8spDcOdPXiSt05p7UTu7O6/Wj4o4SugAHaIT5KJLVEe3qIGaiKIUPaNX9GY9WS/Wu/UxK12yip4K+gPr8wc3SZUL</latexit>

Attention

<latexit sha1_base64="y3PBgwDh2Reioc5Y9QinCOPSq2c=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AKnkqioh4LgnisYD+gDWWzmbZLNx/sTtQSCv4VLx4U8erv8Oa/cdPmoK0PBh7vzTAzz4sFV2jb30ZhYXFpeaW4Wlpb39jcMrd3GipKJIM6i0QkWx5VIHgIdeQooBVLoIEnoOkNrzK/eQ9S8Si8w1EMbkD7Ie9xRlFLXXOvg/CIMkivAfxeJB+o9Melrlm2K/YE1jxxclImOWpd86vjRywJIEQmqFJtx47RTalEzgSMS51EQUzZkPahrWlIA1BuOjl/bB1pxbf0cl0hWhP190RKA6VGgac7A4oDNetl4n9eO8HepZvyME4QQjZd1EuEhZGVZWH5XAJDMdKEMsn1rRYbUEkZ6sSyEJzZl+dJ46TinFdOb8/K1cM8jiLZJwfkmDjkglTJDamROmEkJc/klbwZT8aL8W58TFsLRj6zS/7A+PwBoDOV0g==</latexit>

Feedforward

<latexit sha1_base64="Kb6CWuMy41Bpi3gZPfxzMflED80=">AAACIXicbVDLSgMxFL1T3/VVdamLYFVclRkVdSm4cVnBPqAtJZPetqGZZEgyYhn6K278FTcuFOlO/BnTx0JbD+RyOOdebu4JY8GN9f0vL7OwuLS8srqWXd/Y3NrO7eyWjUo0wxJTQulqSA0KLrFkuRVYjTXSKBRYCXu3I7/yiNpwJR9sP8ZGRDuStzmj1kkqdwB1sIDw5KqGCFIoAgcGPSCQQOyqAul84lyEFhByAgUYQLaZy/sFfwwyT4IpycMUxWZuWG8plkQoLRPUmFrgx7aRUm05EzjI1hODMWU92sGao5JGaBrp+MIBOXZKi7SVdk9aMlZ/T6Q0MqYfha4zorZrZr2R+J9XS2z7upFyGScWJZssaieCWEVGcZEW18is6DtCmebur4R1qabMulBHIQSzJ8+T8lkhuCyc31/kb46mcazCPhzCKQRwBTdw50IvudCf4RXe4cN78d68T284ac1405k9+APv+wenSZiY</latexit>

Pick up one red . . . .

<latexit sha1_base64="Vn/hPPUIncC/Xt4erc7RenbwPI8=">AAAB/XicbVBNS8NAEN3Ur1q/6sfNS7AKnkqioh4LInisYD+gLWWzmbRLdzdhdyLWUPwrXjwo4tX/4c1/Y9L2oK0PBh7vzTAzz4sEN+g431ZuYXFpeSW/Wlhb39jcKm7v1E0YawY1FopQNz1qQHAFNeQooBlpoNIT0PAGV5nfuAdteKjucBhBR9Ke4gFnFFOpW9xrIzyglsm19MD3ueqZUaFbLDllZwx7nrhTUiJTVLvFr7YfsliCQiaoMS3XibCTUI2cCRgV2rGBiLIB7UErpYpKMJ1kfP3IPkoV3w5CnZZCe6z+nkioNGYovbRTUuybWS8T//NaMQaXnYSrKEZQbLIoiIWNoZ1FYftcA0MxTAllmqe32qxPNWWYBpaF4M6+PE/qJ2X3vHx6e1aqHE7jyJN9ckCOiUsuSIXckCqpEUYeyTN5JW/Wk/VivVsfk9acNZ3ZJX9gff4AvfyVUQ==</latexit>

Embeddings

<latexit sha1_base64="pnxfHuH1HqH/RMr0waoYgTQSdcY=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GYyCIIRdFfUoePEYwaiQLGF20huHzM4sM71iWIIXf8WLB0W8+hXe/BsnMQeNFjQUVd00VXEmhcUg+PQmJqemZ2ZLc+X5hcWlZX9l9dLq3HCocy21uY6ZBSkU1FGghOvMAEtjCVdx93TgX92CsUKrC+xlEKWso0QiOEMntfz1JsIdmrS40F1QdJfWtBUDq9/yK0E1GIL+JeGIVMgItZb/0WxrnqegkEtmbSMMMowKZlBwCf1yM7eQMd5lHWg4qlgKNiqGEfp02yltmmjjRiEdqj8vCpZa20tjt5kyvLHj3kD8z2vkmBxHhVBZjqD496MklxQ1HfRB28IAR9lzhHHjonPKb5hhHF1rZVdCOB75L7ncq4aH1f3zg8rJ1qiOEtkgm2SHhOSInJAzUiN1wsk9eSTP5MV78J68V+/te3XCG92skV/w3r8ATYGXSA==</latexit>

Token + Position

,
… …

,
…..

<latexit sha1_base64="2pbWzwTVshHntNl2IzmnAwW3fs4=">AAACAXicbVC7TsMwFHXKq5RXgAWJxaIgMZUEEDBWYmFgKII+pLaqHNdprTpxZN+gVlFZ+BUWBhBi5S/Y+BucNgMUjmTp6Jx7dH2PFwmuwXG+rNzc/MLiUn65sLK6tr5hb27VtIwVZVUqhVQNj2gmeMiqwEGwRqQYCTzB6t7gMvXr90xpLsM7GEWsHZBeyH1OCRipY++0gA0huTZxovARvpU+BGQ4LnTsolNyJsB/iZuRIspQ6difra6kccBCoIJo3XSdCNoJUcCpYONCK9YsInRAeqxpaEgCptvJ5IIxPjBKF/tSmRcCnqg/EwkJtB4FnpkMCPT1rJeK/3nNGPyLdsLDKAYW0ukiPxYYJE7rwF2uGAUxMoRQxc1fMe0TRSiY0tIS3NmT/5Lacck9K53cnBbL+1kdebSL9tAhctE5KqMrVEFVRNEDekIv6NV6tJ6tN+t9Opqzssw2+gXr4xu5z5ZU</latexit>

Linear / Softmax

<latexit sha1_base64="fGtyeEy12vgI1EexyyIOTjwBraw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBKvgqiQq6rKgC5cV7APaUCbTm3bo5MHMjVhCwI2/4saFIm79CXf+jUmahbYeuNzDOfcyc48TCq7QNL+10sLi0vJKebWytr6xuaVv77RUEEkGTRaIQHYcqkBwH5rIUUAnlEA9R0DbGV9lfvsepOKBf4eTEGyPDn3uckYxlfr6Xg/hAaUX591x42tgwQBkklT6etWsmTmMeWIVpEoKNPr6V28QsMgDH5mgSnUtM0Q7phI5E5BUepGCkLIxHUI3pT71QNlxfkNiHKXKwHADmZaPRq7+3oipp9TEc9JJj+JIzXqZ+J/XjdC9tGPuhxGCz6YPuZEwMDCyQIwBl8BQTFJCmeTpXw02opIyTGPLQrBmT54nrZOadV47vT2r1g+LOMpknxyQY2KRC1InN6RBmoSRR/JMXsmb9qS9aO/ax3S0pBU7u+QPtM8f2cCYMg==</latexit>

Decoder

<latexit sha1_base64="/odrUf8PU4ZE/OoRy67MAf0FZrY=">AAAB/XicbVDJSgNBEO2JW4zbuNy8NEbBU5hRUY+BXDxGMAskQ+jp1CRNeha6a8Q4BH/FiwdFvPof3vwbZ5I5aOKDgsd7VVTVcyMpNFrWt1FYWl5ZXSuulzY2t7Z3zN29pg5jxaHBQxmqtss0SBFAAwVKaEcKmO9KaLmjWua37kFpEQZ3OI7A8dkgEJ7gDFOpZx50ER4wqakwonWGfAh6UuqZZatiTUEXiZ2TMslR75lf3X7IYx8C5JJp3bGtCJ2EKRRcwqTUjTVEjI/YADopDZgP2kmm10/oSar0qReqtAKkU/X3RMJ8rce+m3b6DId63svE/7xOjN61k4ggihECPlvkxZJiSLMoaF8o4CjHKWFcifRWyodMMY5pYFkI9vzLi6R5VrEvK+e3F+XqcR5HkRySI3JKbHJFquSG1EmDcPJInskreTOejBfj3fiYtRaMfGaf/IHx+QM6GZT8</latexit>

Crop Patches
<latexit sha1_base64="etiV4+PNt6gTa7uEam0FDSweJYw=">AAAB+XicbVDLTsMwEHR4lvIKcORiUZA4lQQQcKzEhWNB9CG1UeW4TmvVsSN7U1FF/RMuHECIK3/Cjb/BbXOAlpFWGs3s2rsTJoIb8LxvZ2l5ZXVtvbBR3Nza3tl19/brRqWashpVQulmSAwTXLIacBCsmWhG4lCwRji4nfiNIdOGK/kIo4QFMelJHnFKwEod120De4LsDD8oIMDGxY5b8sreFHiR+DkpoRzVjvvV7iqaxkwCFcSYlu8lEGREA6fCPthODUsIHZAea1kqScxMkE03H+MTq3RxpLQtCXiq/p7ISGzMKA5tZ0ygb+a9ifif10ohugkyLpMUmKSzj6JUYFB4EgPucs0oiJElhGpud8W0TzShYMOahODPn7xI6udl/6p8cX9ZqhzncRTQITpCp8hH16iC7lAV1RBFQ/SMXtGbkzkvzrvzMWtdcvKZA/QHzucP48uTFg==</latexit>

/ Rotate

<latexit sha1_base64="eU8/6K16H5yLLrT68uM8eLYzLDE=">AAAB9HicbVBNS8NAEN34WetX1aOXxSp4KkkV9VjoxVOpYD+gjWWz3bRLN5u4OymW0N/hxYMiXv0x3vw3btoctPXBwOO9GWbmeZHgGmz721pZXVvf2Mxt5bd3dvf2CweHTR3GirIGDUWo2h7RTHDJGsBBsHakGAk8wVreqJr6rTFTmofyHiYRcwMykNznlICR3C6wJ0iqtdr0oZzvFYp2yZ4BLxMnI0WUod4rfHX7IY0DJoEKonXHsSNwE6KAU8Gm+W6sWUToiAxYx1BJAqbdZHb0FJ8ZpY/9UJmSgGfq74mEBFpPAs90BgSGetFLxf+8Tgz+jZtwGcXAJJ0v8mOBIcRpArjPFaMgJoYQqri5FdMhUYSCySkNwVl8eZk0yyXnqnRxd1msnGZx5NAxOkHnyEHXqIJuUR01EEWP6Bm9ojdrbL1Y79bHvHXFymaO0B9Ynz/yC5F4</latexit>

CNN2
<latexit sha1_base64="Jd3kCkAZ0TMI97TKITP9H0a0gCg=">AAAB+nicbVBNS8NAEN34WetXqkcvi1XwVBIV9Vjw4jGC/YA2lM120i7dfLA7UUvsT/HiQRGv/hJv/huTNgdtfTDweG+GmXleLIVGy/o2lpZXVtfWSxvlza3tnV2zstfUUaI4NHgkI9X2mAYpQmigQAntWAELPAktb3Sd+617UFpE4R2OY3ADNgiFLzjDTOqZlS7CI6YOKOow5MNJuWdWrZo1BV0kdkGqpIDTM7+6/YgnAYTIJdO6Y1sxuilTKLiESbmbaIgZH7EBdDIasgC0m05Pn9DjTOlTP1JZhUin6u+JlAVajwMv6wwYDvW8l4v/eZ0E/Ss3FWGcIIR8tshPJMWI5jnQvlDAUY4zwrgS2a2UD5liHLO08hDs+ZcXSfO0Zl/Uzm7Pq/WjIo4SOSCH5ITY5JLUyQ1xSINw8kCeySt5M56MF+Pd+Ji1LhnFzD75A+PzB8g5k5k=</latexit>

Per Patch

<latexit sha1_base64="rkwBWNAKQFvZ2S3Ashd046GHmlk="></latexit>

Plan: p̄ = h(h1, w1,↵1), . . . , (h|p̄|, w|p̄|,↵|p̄|)i

<latexit sha1_base64="MsKIvdYbqMSEulyC0LAJ45NsZlU=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AKnsquinosePFYwX5Au5RsNm1Dk82SzIp16S/x4kERr/4Ub/4b03YP2vpg4PHeDDPzwkRwA5737RRWVtfWN4qbpa3tnd2yu7ffNCrVlDWoEkq3Q2KY4DFrAAfB2olmRIaCtcLRzdRvPTBtuIrvYZywQJJBzPucErBSzy13gT2ClllLaRFNcM+teFVvBrxM/JxUUI56z/3qRoqmksVABTGm43sJBBnRwKlgk1I3NSwhdEQGrGNpTCQzQTY7fIJPrBLhvtK2YsAz9fdERqQxYxnaTklgaBa9qfif10mhfx1kPE5SYDGdL+qnAoPC0xRwxDWjIMaWEKq5vRXTIdGEgs2qZEPwF19eJs2zqn9ZPb+7qNSO8ziK6BAdoVPkoytUQ7eojhqIohQ9o1f05jw5L8678zFvLTj5zAH6A+fzBxyrk0s=</latexit>

World
<latexit sha1_base64="J1aokxNtPKcHu8REb4BK/im9iq8=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSh4CrsqKp4CXjxGNA9IljA76U2GzD6Y6Q2GJX/ixYMiXv0Tb/6Nk2QPmljQUFR1093lJ1JodJxva2l5ZXVtvbBR3Nza3tm19/brOk4VhxqPZayaPtMgRQQ1FCihmShgoS+h4Q9uJ35jCEqLOHrEUQJeyHqRCARnaKSObbcRnlCF2QMyhJsx7dglp+xMQReJm5MSyVHt2F/tbszTECLkkmndcp0EvYwpFFzCuNhONSSMD1gPWoZGLATtZdPLx/TEKF0axMpUhHSq/p7IWKj1KPRNZ8iwr+e9ifif10oxuPYyESUpQsRni4JUUozpJAbaFQo4ypEhjCthbqW8zxTjaMIqmhDc+ZcXSf2s7F6Wz+8vSpXjPI4COSRH5JS45IpUyB2pkhrhZEieySt5szLrxXq3PmatS1Y+c0D+wPr8AZTdk4g=</latexit>

State:

… …



Confounding Factors?
• User Adaptation? 

• Training longer (i.e., training stopping criteria)?
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Long-term Study: 14 Rounds
• The model continually 

improves in generating 
instructions that relay its 
intent 

• Task completion 
improves 44.7→79.3% 

• Mulit-goal instructions 
take longer to improve, 
but accelerate later on
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Long-term Study: 14 Rounds

• Users’ perception of the 
correctness of their 
actions with respect to 
system intent improves 

• Overall system 
performance improves 
(4.5→10.4 points)

Perceived Correctness (%)
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Error Analysis
• Overall proportion of errors 

decreased 68.5→26.8% 

• Manually analyzed 100 
erroneous instructions from 
initial and final rounds 

• Improvements across all error 
categories 

• Share of errors that are 
underspecifications increases, 
potentially because of the 
smaller vocabulary 
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Error Analysis



System Variants Study
• FULL: basic setup 

• POS-ONLY: use only examples with positive labels 

• TC-ONLY: ignore feedback questions, assign 
positive labels if the user completes the task 

• FINE-TUNING: fine-tune w/rehearsal instead of 
training from scratch



System Variants Study

• Learning is relatively robust to 
variations in the process 

• Using only positive examples 
(POS-ONLY) slows learning 

• Feedback question not 
necessary for learning, but 
give a system with higher 
perceived correctness 
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System Variants Study

• Fine-tuning may be 
better at maintaining a 
more diverse vocabulary 

• Without negative 
examples (POS-ONLY) 
length and vocabulary 
reductions is faster

Vocabulary Size
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Comparison to Supervised 
Learning

• Bandit data is overall better 
throughout 

• Takes longer with 
instruction types with few 
positive examples earlier on 

• Despite not requiring any 
instruction writing or 
dedicated annotation0

25

50

75

100

1 2 3 4 5 6 7

Overall 0-card 1-card 2-card 3-card
Overall 0-card 1-card 2-card 3-card               Bandit Continual Learning               Supervised Learning


