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Results

Question: What action does the person do after they take/pick 
something up and before they move left?

Motion Sequence:

m1 m2 m3 … mN

m1 m2 m3 … mN

filter(take)

m1 m2 m3 … mN

filter(left)

relate(after) relate(before)

intersection

place something

Motion Encoder

Symbolic Program Executor

Learning Temporal Relations

relate(after):

relate(before):

Goal: transform logits such that output 
likelihoods are greatest for segments 
directly neighboring the filter segment, 
thereby learning action boundaries 
without needing annotations

Motion Segmentation:

2s-AGCN

query(action)

(a)

(b) (c)

Symbolic Program: query(action, intersection(relate(after, 
filter(take)), relate(before, filter(left))))

Seg 1 Seg 2 Seg 4 Seg 5Seg 3

Conv1D layers with dilations

Question : What action does the person do after they
run?
Answer : jump

run

relate(after)

Question : What action does the person do after they
jump?
Answer : jog

jump

relate(after)

Question : What action does the person do before they
walk?
Answer : cartwheel

walk

relate(before)

Question : What action does the person do after they
move forward?
Answer : sit

forward

relate(after)

Question : What body part does the person use after they
wave?
Answer : right leg

wave

relate(after)

Question : What direction does the person move before
they walk and after they use their right foot?
Answer : right

walkright foot

relate(in between)

Question : What direction does the person move after
they jump and before they move backwards?
Answer : forward

jump backwards

relate(in between)

Question : What body part does the person use after they
take/pick something up and before they walk?
Answer : right hand

take/pick something up walk

relate(in between)

Question : What action does the person do before they
crouch?
Answer : stand up

crouch

relate(before)

Question : What action does the person do before they
crouch?
Answer : stand up

crouch

relate(before)

Question : What action does the person do before they
crouch?
Answer : stand up

crouch

relate(before)

Question : What action does the person do before they
crouch?
Answer : stand up

crouch

relate(before)

Question : What action does the person do before they
crouch?
Answer : stand up

crouch

relate(before)

HumanMotionQA task 
• Evaluates human activity understanding through 

question answering in long-form motion capture data

BABEL-QA dataset
• Consists of complex, multi-step questions about real 

world human motion sequences
• Requires detection of motor cues, understanding of 

specific motion attributes, and temporal reasoning

NSPose method
• Is a neuro-symbolic approach for motion QA
• Operates on variable length motion sequences
• Jointly learns the QA task and  action localization
• Does not require entity-centric input and leverages 

temporal motion programs

BABEL-QA
• Is built from the BABEL dataset of real world

human motion sequences

• Has question answer pairs procedurally 
generated with logical building blocks of 
filter, query, and relate

• Contains questions that query for action, 
direction, and body part attributes, with 
temporal relations of before, after, and in 
between specifying the action of interest

NSPose outperforms a variety of baselines: MotionCLIP models that learn powerful human motion representations & end-
to-end 2s-AGCN models that leverage the same feature extractor as NSPose without programs 

NSPose combines
• Modular motion 

programs
• Neural networks that 

identify attributes 
from motion capture 
data

NSPose's programs
• Learn concept 

embeddings such as 
walk, left, and right 
hand

• Are executed in a 
hierarchical structure 
that follows the 
underlying reasoning 
process of the 
question

Temporal motion 
programs
• Are implemented as 

1D convolutional 
layers with dilation

• Enable learning of 
temporal action 
boundaries

Input
• Unannotated human motion sequences represented by 

3D joint positions 𝑆 ∈ 	ℝ!	×$×%; 𝑇 as number of timesteps 
and 𝐽 as number of joints

• Question referring to actions in the motion sequence

Output
• Answer from a set vocabulary, including concepts that 

relate to different attributes (e.g., motion or body)

HumanMotionQA
task

BABEL-QA
dataset

NSPose method
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transition

right hand

Query Action

Question:   What action does the person do before they move left?

walk transition take/pick something up place something transition left walk

place somethingAnswer:

Motion 
Sequence:

Program:   query_action(relate(before, filter(left)))

Ann:

Query Direction

Question:   What direction does the person move after they use their right hand?

walk transition knock, right hand left

leftAnswer:

Motion 
Sequence:

Program:   query_direction(relate(after, filter(right hand)))

Ann: walk

Query Body Part

Question:   What body part does the person use after they jump?

right hand transition jump, kick, right right hand

Answer:

Motion 
Sequence:

Program:   query_body_part(relate(after, filter(jump)))

Ann:

Question:   What action does the person do before they move backwards and after they kick?

kick jump walk, backwards

Answer:

Motion 
Sequence:

Program: query_action(intersection(relate(before, filter(backwards)),
relate(after, filter(kick)))

Ann:

jump


