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Motivation: Reasoning for SLMs

• SLMs generates speech tokens without any intermediate reasoning

• This is different from “reasoning LLMs”
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Motivation: Reasoning for SLMs

• Reasoning LLMs (e.g., Deepseek-r1, GPT o-series models) can 
generate reasoning before emitting the final response
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Motivation: Reasoning for SLMs

• SLMs generates speech tokens without any intermediate reasoning

• How can we make the SLMs reason to improve the final response?

4

SLM

Legends

     Speech token

Link



Naïve Baseline: Listen → Think → Speak

• This directly borrows the idea from reasoning LLM: receive the user 
input, think silently (hidden from the user)
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Thinking before Speaking

• Generate some think tokens before generating the speech tokens
• The think tokens are text tokens; they are called think tokens because they 

are used for thinking
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Thinking before Speaking

• Thinking tokens will not be spoken

SLM

Legends
     Speech token
     Think token

…

7

Link



Thinking before Speaking

• Thinking before speaking creates a very high latency
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“When should SLM think?”
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STITCH: Listen → Think + Speak

• Humans can think while speaking
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Goal: Thinking while Speaking

• We want to make SLMs think while speaking 
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Goal: Thinking while Speaking

• We want to make SLMs think while speaking 
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Goal: Thinking while Speaking

• Language model can only generate a single stream of token at a time

• Question: How do we use a single output stream of token but make it 
as if there are two types of tokens?
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STITCH: Simultaneous Thinking and Talking

• Solution: Generate interleaved chunks of thinking and speech tokens
• Thinking tokens: For unspoken internal thinking

• Speech tokens: For the spoken responses

SLM

𝑁𝑠𝑝𝑒𝑒𝑐ℎ
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STITCH: Simultaneous Thinking and Talking

• The number of tokens in each chunk is fixed
• 𝑁𝑠𝑝𝑒𝑒𝑐ℎ: number of  speech tokens in a speech chunk

• 𝑁𝑡ℎ𝑖𝑛𝑘: number of  thinking tokens in a thinking chunk

SLM
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STITCH: Simultaneous Thinking and Talking

• Question: Does the unspoken thinking chunks break the speech 
response?

SLM

Chunk 1 speech ends Chunk 2 speech starts

Silence???
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STITCH: Simultaneous Thinking and Talking

• Answer: No. Because the time for generating the speech tokens in a 
chunk is less than the time of the audio for that chunk 

SLM

23

Generating a chunk of tokens take 0.2 second

Legends
     Speech token
     Think token

The audio takes 2 seconds to play

Link



STITCH: Simultaneous Thinking and Talking

• By carefully selecting the ratio of 𝑁𝑡ℎ𝑖𝑛𝑘  and 𝑁𝑠𝑝𝑒𝑒𝑐ℎ, the duration of 
the audio for a speech token chunk can cover the time to generate 
𝑁𝑡ℎ𝑖𝑛𝑘 + 𝑁𝑠𝑝𝑒𝑒𝑐ℎ  tokens

When the audio for 𝑆1 is played to the user

The model generates the next chunk
of thinking and speech tokens

Timeline
𝑡 = 0

User turn ends
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STITCH: Simultaneous Thinking and Talking

• By carefully selecting the ratio of the : 𝑁𝑡ℎ𝑖𝑛𝑘 , 𝑁𝑠𝑝𝑒𝑒𝑐ℎ, the time of the 
speech of 𝑁𝑠𝑝𝑒𝑒𝑐ℎ  speech token can cover the time to generate 
𝑁𝑡ℎ𝑖𝑛𝑘 + 𝑁𝑠𝑝𝑒𝑒𝑐ℎ  tokens

When the audio for 𝑆2 is played to the user

Timeline
𝑡 = 0

User turn ends
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STITCH: Simultaneous Thinking and Talking

• First package latency (the time user needs to wait) comparison
• Think before speak ≫ No think = STITCH

Timeline
𝑡 = 0

User turn ends

…
Think before

speak

No think
First package latency
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STITCH: Experiment Results

Compared methods

• B.1: No think

• B.2: Think before speaking

• B.3: STITCH (thinking while 
speaking)
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STITCH: Experiment Results

Compared methods

• B.1: No think

• B.2: Think before speaking

• B.3: STITCH (thinking while 
speaking)

- No thinking has a low latency 
and low accuracy
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STITCH: Experiment Results

Compared methods

• B.1: No think

• B.2: Think before speaking

• B.3: STITCH (thinking while 
speaking)

- Thinking before speaking has a 
high accuracy but induces high 
latency
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STITCH: Experiment Results

Compared methods

• B.1: No think

• B.2: Think before speaking

• B.3: STITCH (thinking while 
speaking)

- STITCH has low latency but high 
accuracy
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Summary

• Thinking while speaking can has a low latency as the no thinking 
model but has a much better performance on reasoning tasks

• Check our paper for more examples and details
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Setting 3: Listen + Think → Speak

• Humans can also think while listening
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