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LI\ Background ACTIBN LAB

Mistakes are universal and inevitable in procedural tasks.

The coffee cup sleeves fall off The corn in the bowl spills onto The dripper is knocked over and

onto the table. the table. coffee ground spills out.
(HoloAssist dataset [1]) (CaptainCook4D dataset [2]) (EgoPER dataset [3])

[1] “Holoassist: an egocentric human interaction dataset for interactive ai assistants in the real world”, ICCV’23
[2] “Captaincook4d: A dataset for understanding errors in procedural activities.” NeurlPS’24
[3] “Error Detection in Egocentric Procedural Task Videos”, CVPR’24



LI\ Background

Mistake detection is essential in improving safety, reliability, and task completion.

Here we are

PROCESS OF ADDRESSING MISTAKES
IN PROCEDURAL ACTIVITIES

1. MISTAKE DETECTION

Identifying Deviations

e Monitor User Performance

e Compare to Correct
Procedure (SOP)

e Flag Errors or Outliers

2. MISTAKE EXPLANATION

Understanding the Cause

e Provide Feedback on
specific actions

e Analyze Nature of Mistake

(e.g., Omission, Commission)

e Explain WHY it is an error
(e.g., safety, rules)

3. INSTRUCTION FOR

MISTAKE CORRECTION

Guiding the Right Action

= m =>1O
=

N

e Give Clear, Step-by-Step
Guidance

e Demonstrate Correct
Procedure

e Facilitate Re-try and
Learning

ZCTIGN LAB
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The execution appears correct, yet minor deviations can lead to flawed outcomes.

PN

2025 AMNAR (CVPR)
EgoOops (ICCV Workshop)

Existing works assume mistakes can be identified solely from the execution
process, without verifying if the outcome aligns with the intended result.

Activity: Make Butter Corn Cup Action: Stir Mixture in the Bowl
2024 CaptainCook4D (NeurlPS) : : : ;

EgoPED (CVPR)

9\\\
2023 HoloAssist (ICCV) (a) Positional Mistake, i.e., spill out mixture onto table.
Act|V|ty Make Cucumber Ralta Actlon Cut Cucumber to Pleces

2022 Assembly101 (CVPR)

(b) State mistake, i.e., cucumber is cut into unexpected shape.
|:| Binary Classification

|:| Prototype Learning
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The execution appears correct, yet minor deviations can lead to flawed outcomes.

2025

2024

2023

2022

[]
[]

PN

Existing works assume mistakes can be identified solely from the execution

AMNAR (CVPR) process, without verifying if the outcome aligns with the intended result.

EgoOops (ICCV Workshop)

CaptainCook4D (NeurlPS)
EgoPED (CVPR)

Our solution: Action-effect Modeling
HoloAssist (ICCV)

Assembly101 (CVPR)

Binary Classification

Prototype Learning
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Model MD as a marginalization problem over latent variables of Action-effects.

Detection Result

Previous formulation: 3

J ' y ' ot Mistake Detection P(9|X, e)
P(y | X) X: Input video, y: Framewise Prediction (normal vs. error) —= e : ‘ x

Action Effect Modeling

P(f,1X) P(elfe, X)
{ Effect Frame ;_’i Multimodal L;' Effect-Aware |
. . { Sampling ™} Knowledge Extraction j "t  Learning
Our formulation:

y|X Zzpy|xez (eilfeaXZ'F(fe|XZa

i=1 f.

~
mlstake detection | effect-aware learning frame sampling

fe: Effect frames e: Action-effect descriptor

Video Frames

K: Number of effect frames Em@ &{m
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Action-effect Modeling Framework.

Training only Training & Evaluation
Effect Frame Sampling Multimodal Knowledge Extraction Effect-Aware Learning
[Task] Make coffee [Step] Pour water on grounds Grounding DINO .
Objects — ff
User Prompt: N i L
O For the [Step] in [Task], you should: é — & - i PRSI
(1) Predict the Subject and Object involved ¥ e
m in this action, Object Vocab. A \\ Repeat &
(2) Describe their Resulting States after the y Concatenate
action is complete. '
1 1
GPT-40 Response: i \ EF
Object: Coffee Kettle \
e Subject: Coffee Grounds Y -
c‘% State: Coffee grounds appear wet and evenly LCL g ] ||
saturated, the brewed coffee drips into Effect Frame ) ) 2
container. ” fe Spatial Relation i ? | % Linear [~ |
1 -
y ! - Gs 't | = | = Layer —
4 - Prompt: .oé/ > ' LT & > L
a “You should @ _’% ! 5
) g recognize the /’ | 2 B
Semantic Score 0.12 0.45 0.43 objects and GPT4o 3\’ oy || S ||
Quality Score ~ 0.97 0.37 0.95 generate scene g §r £ I |
_ graph ... LA X >
Final Score 0.55 0.41 0.69 @ Object O Attribute @ Relation !____ ;
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Effect-frame Sampling.

Effect Frame Sampling

[Task] Make coffee [Step] Pour water on grounds

User Prompt:
For the [Step] in [Task], you should:

% (1) Predict the Subject and Object involved

in this action,
. (2) Describe their Resulting States after the
Step 1: Effect Frame Sampling action is complete.
Perform rule-based sampling of Effect Frames capturing GPT-40 Response:

Object: Coffee Kettle
™ Subject: Coffee Grounds
a‘g State: Coffee grounds appear wet and evenly
saturated, the brewed coffee drips into

the object after each action in a procedure.

container. /
. - _
Semantic Score 0.12 0.45 0.43
Quality Score 0.97 0.37 0.95
Final Score 0.55 0.41 0.69
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Action-effect Feature Extraction.

Step 2: Multimodal Feature Extraction mMulimosal Knowicage Bxtrachon

* Model Action-effect from object-state and spatial- Grounding DINO (oo e
relationship perspectives. e

* Extract image and text features for each perspective with 3
object-detector (Grounding DINO) and scene-graph
constructor (GPT-40).

* Cross-modal feature alignment. %

Effect Frame f,
oL _ l exp (cos(v?,tl)/p)
s = Z — 10g L Prompt:
>, exp (cos(vi, ) /p) oo @»

objects and GPT-4o

generate scene
graph ..

>
P>

Object Vocab. A

@ Object O Attribute @ Relation !____
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Effect-aware Representation Learning by Feature Alignment.

Step 3: Effect-aware Representation Learning Effect-Aware Learning

Append an EFT token at the beginning of thevideo

) reff
embedding sequence. {pgeg- -
@ i E \ Repeat &
i s Concatenate
Learn State- and Relation-projectors during the training
to align with the VLM features. . N EFT.T°'“’"
Voo v e
ff _ |19 B 2 ra - 2 1V CL N [ ]
E.?H 16, (e) vs||2 +11s(e) tsllz, A Lf % : P
L5 = 1161 (€) — v, |I? + 118, (e) — ]2 el F H LR Lo
E S i ," L T g — | 3
b I AN B |
A IHEN -
Fuse the projected token to the original video £+ E N I;]
| X

embedding sequence via repetition and concatenation. @ i
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KA\ Experimental Results

ZCTION LAB

Evaluate on EgoPER (CVPR’24) and CaptainCook4D (NeurlPS’24) datasets.

Table 1: Mistake detection results on the EgoPER dataset (Lee et al., 2024). AUC and EDA are in

percentage (%). Best results are bold, and second-best are underlined.

Method Quesadilla Oatmeal Pinwheel Coffee Tea All
AUC EDA AUC EDA AUC EDA AUC EDA AUC EDA AUC EDA
Random 500 199 500 11.8 500 157 50.0 8.2 50.0 17.0 500 145
HF?-VAD 626 345 623 254 527 291 596 100 621 366 599 27.1
HF?-VAD + SSPCAB  60.9 304 619 253 517 339 60.1 100 632 354 596 27.0
S3R 51.8 526 61.6 478 524 505 510 163 579 478 549 430
EgoPED 656 627 651 514 550 596 583 553 660 560 620 570
AMNAR 719 614 754 650 654 650 678 735 619 57.0 685 644
Ours 80.8 681 770 686 699 612 703 664 711 694 738 667

Table 2: Mistake detection results on the CaptainCook4D dataset (Peddi et al., 2023).

Method Precision AUC EDA
Random 449 51.2 49.7
EgoPED 56.5 549 69.8
AMNAR 66.8 60.2 723
Ours 68.1 625 719

11
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Clip 1 — Knock over dripper

Pred error region
=== Threshold 0.5

Knock over the dripper. 06 -

0.4 -

0.2 -

Pred Mistake Probability

15
Time (s)

Clip 2 — Place tortilla on table

Pred error region
=== Threshold 0.5

1.0
0.8 -

0.6 -

Place tortilla on table
instead of cutting board.

0.4 -

Pred Mistake Probability

0.2 -

0.0 -

1

6 15
Time (s)
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Action: Put Tortilla on Cutting Board Mistake: Put Tortilla on Table

Model effectively detects
errors appearing in the final
outcomes.

| 0.2 —

wlo

| Action: Weigh Coffee Beans Mistake: Spill out Coffee Beans Loct

Model generalizes to detect
—> execution errors during the

Action: Stir Mixture using Spoon Mistake: Stir Mixture using Knife | Twle ol et a Ctl O n p roceSS -

effect

13



KRN\ Future Work

1. Spatial-temporal Action-effect Modeling.

2. Mistake Explanation and Correction.

PROCESS OF ADDRESSING MISTAKES
IN PROCEDURAL ACTIVITIES

1. MISTAKE DETECTION

Identifying Deviations

Q g mmffp ron
ERROR!

¢ Monitor User Performance

e Compare to Correct
Procedure (SOP)

e Flag Errors or Outliers

2. MISTAKE EXPLANATION

Understanding the Cause

e Provide Feedback on
specific actions

¢ Analyze Nature of Mistake
(e.g., Omission, Commission)

e Explain WHY it is an error
(e.g., safety, rules)

3. INSTRUCTION FOR
MISTAKE CORRECTION

Guiding the Right Action

= m =>7O
5l

e Give Clear, Step-by-Step

Guidance

* Demonstrate Correct

Procedure

¢ Facilitate Re-try and

Learning

ZCTION LAB

3. Generalizability to other domains.

. L

l |

[0
o)

(Example of robotic mistake on EMBench dataset[1])

[1] “RMBench: Memory-Dependent Robotic Manipulation Benchmark with Insights into Policy Design”, Arxiv 2026
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