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2. Game-Time Benchmarks
a. Benchmark construction
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3. Conclusion
4. Future Works
a. Time Controllable Spoken Dialogue Model - TiCo
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Motivation




What'’s the fundamental difference?
text assistant vs. voice assistant
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What'’s the fundamental difference?
text assistant vs. voice assistant

It's sunny today J

VS.

e Text input. Text output e Speech input. Speech output
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What'’s the fundamental difference?
text assistant vs. voice assistant

H It's sunny today ] ‘ | %M}
VS.

[ (HoW’s the weather today?)

[ How’s the weather today?

e Text input. Text output e Speech input. Speech output

Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026 ;




What'’s the fundamental difference?
text assistant vs. voice assistant

e Text input. Text output e Speech input. Speech output
e Emotion (emoji): & & & & e Emotion conveyed in speech
o o
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What'’s the fundamental difference?
text assistant vs. voice assistant

e Text input. Text output e Speech input. Speech output
e Emotion (emoji): & & & & e Emotion conveyed in speech

. N . . .
Text can still describe paralinquistics

to a certain degree.
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What'’s the fundamental difference?
text assistant vs. voice assistant
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What'’s the fundamental difference?
text assistant vs. voice assistant

A key element making speech conversation special:

Time! (4
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How is “time” presented in the speech conversation?

Text Conversation Speech Conversation
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How is “time” presented in the speech conversation?

Text Conversation

Turn-by-turn

Model’s turn

Model’s turn

Thought for 4s >

Barcelona, Spain — at CCIB.

6P -

Thought for a few seconds >
Toronto, Canada — May 16-21, 2027.

G0 P E o -

<+ Ask anything

~N

Where is ICASSP 20267

Where is ICASSP 20272
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User’s turn

User’s turn

B



How is “time” presented in the speech conversation?

Text Conversation

Turn-by-turn

Model’s turn

Model’s turn

Thought for 4s >

Barcelona, Spain — at CCIB.

6P -

Thought for a few seconds >
Toronto, Canada — May 16-21, 2027.

G0 P E o -

<+ Ask anything

Where is ICASSP 20267

Where is ICASSP 20272

~N

\©
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User’s turn

User’s turn

Time interval between each
turn doesn’t matter a lot

B




How is “time” presented in the speech conversation?

Speech Conversation

(Full-duplex: Both speakers are keep
listening and can speak at any time)
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How is “time” presented in the speech conversation?

Speech Conversation

(Full-duplex: Both speakers are keep

o listening and can speak at any time)
Timing

(Remind me in 30 seconds)

g 9

(Hey! 30 seconds passed)
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How is “time” presented in the speech conversation?

Speech Conversation

(Full-duplex: Both speakers are keep

listening and can speak at any time)
Tempo

(Please count from one to ten with the tempo one! two! three!)
e ™ v - 9

(one... two three f five)
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How is “time” presented in the speech conversation?

Speech Conversation
(Full-duplex: Both speakers are keep

Simul. Speaking listening and can speak at any time)
(Overlapping)
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Game-Time Benchmark

e Timing - Knowing when and how long to respond
e Tempo - Responding at a specified tempo

e Simul. Speaking - Synchronizing and overlapping with the user
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Game-Time Benchmark




Game-Time Benchmark
(Instruction following paradigm)
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Game-Time Benchmark
(Instruction following paradigm)

A
' 4 \

Basic Tasks

e Easy tasks (e.g. counting, QA)

(Please count from 1 to 10)
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Game-Time Benchmark
(Instruction following paradigm)

Basic Tasks Advanced Tasks

e Easy tasks (e.g. counting, QA) e Basic tasks with time-related constraints

|

(Please count from 1 to 10) (Please count from 1 to 10 in 5 seconds)
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Game-Time Benchmark
(Instruction following paradigm)

Basic Tasks Advanced Tasks

e Easy tasks (e.g. counting, QA) e Basic tasks with time-related constraints

(Please count from 1 to 10) (Please count from 1 to 10 in 5 seconds)

Synthetic data
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Instruction Following task

Instruction following

Perform a base task t while satisfying constraints {c, c,, ...},
where ¢ contains variables {N., N,, ...}.

o
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Instruction Following task

Instruction following

Perform a base task t while satisfying constraints {c, c,, ...},
where ¢ contains variables {N., N,, ...}.

- J

Example 1: "Please repeat after me: ‘| have a pen”™

e Base task: Repeat

e Constraints: The response should include “I| have a pen”

<

e Variables: N, ="l have a pen”
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Instruction Following task

Instruction following

Perform a base task t while satisfying constraints {c, c,, ...},
where ¢ contains variables {N., N,, ...}.

\ y

Example 2: “Please count from one to ten”

e Base task: Sequence generation

e Constraints: The response should incldue from 1 to 10 in order

—

e Variables: N, =1, N, =10
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Instruction Following task

Instruction following

Perform a base task t while satisfying constraints {c, c,, ...},
where ¢ contains variables {N., N,, ...}.

\ y

Example 3: “Please count from one to ten in five seconds”

e Base task: Sequence generation

e c_: The response should incldue from 1 to 10 in order
e c, The response should be within 5 seconds

e Variables: N, = 1, N, =10. N,=5
Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026 *




Game-Time Benchmark - Dataset Generation

Step 1: Define base tasks
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Game-Time Benchmark - Dataset Generation

Step 1: Define base tasks

e “Please repeat after
me: [N1]”

e “Please count from
[N1] to [N2]”
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Game-Time Benchmark - Dataset Generation

Step 2: Paraphrasing
Step 1. Define base tasks e “Repeat the following sentence: [N1]’

e “Please repeat after /4: e “Please repeat after me: [N1J"

me: [N1]” \
e “Please count from

[N1] to [N2] ?: e “I want you to count from [N1] to

e [N2]"Please count from [N1] to [N2]’
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Game-Time Benchmark - Dataset Generation

e “Repeat the following sentence: [N1]’

e “Please repeat after me: [N1]”

e “| want you to count from [N1] to

e [N2]"Please count from [N1] to [N2]’
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Game-Time Benchmark - Dataset Generation

e “Repeat the following sentence: [N1]’

e “Please repeat after me: [N1]”

e “| want you to count from [N1] to

e [N2]"Please count from [N1] to [N2]’
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Game-Time Benchmark - Dataset Generation
Step 3: Augment with constraints and variables

e “Repeat the following sentence: [N1]’

e “Please repeat after me: [N1]”

e ‘| want you to count from [N1] to [N2]

e “Please count from [N1] to [N2]”
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Game-Time Benchmark - Dataset Generation
Step 3: Augment with constraints and variables

/ N1 = “l have a pen”
e “Repeat the following sentence: [N1]’
. N1 ="*Nice to meet you”

e “Please repeat after me: [N1]" _—~¥ N1="Thisis a book”
T N1 = “Good morning!”
o .. v
—>

N1=1,N2=10
e “l want you to count from [N1]to [N2] —
~— N1=5N2=23

Y N1=7.N2=12
T N1 =12, N2 = 20
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e “Please count from [N1] to [N2]”




Game-Time Basic Tasks

Task Family Description Example
1 - Sequence
2 - Repeat
3 - Compose
4 - Recall
5 - Open

6 - Role-Play
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Game-Time Tasks

Task Family Description Example
1 -Sequence Number / alphabet sequencing “Please count from 3 to 15.”
2 - Repeat

3 - Compose
4 - Recall
5 - Open

6 - Role-Play
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Game-Time Tasks

Task Family Description Example
1 - Sequence
2 - Repeat Sentence repetition “Please repeat after me. ‘| have a pen.”
3 - Compose
4 - Recall
5 - Open

6 - Role-Play
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Game-Time Tasks

Task Family Description Example
1 - Sequence
2 - Repeat
3 -Compose Sentence composition from words  “Can you make a sentence with the word ‘dog’?”
4 - Recall
5 - Open

6 - Role-Play
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Game-Time Tasks

Task Family Description Example
1 - Sequence
2 - Repeat
3 - Compose
4 - Recall Vocabulary, letter, and rhyme recall “Name 5 different colors.”
5 - Open

6 - Role-Play
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Game-Time Tasks

Task Family Description Example
1 - Sequence
2 - Repeat
3 - Compose
4 - Recall
5 - Open QA and empathy conversation “What do you think makes a great movie?”

6 - Role-Play
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Game-Time Tasks

Task Family Description Example
1 - Sequence
2 - Repeat
3 - Compose
4 - Recall
5 - Open

6 - Role-Play  Scenario and persona role-playing  “Imagine you're a psychologist, explaining anxiety.”
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Game-Time Tasks

Task Family Description Example
1 -Sequence Number / alphabet sequencing “Please count from 3 to 15.”
2 - Repeat Sentence repetition “Please repeat after me. ‘| have a pen.”

3 -Compose Sentence composition from words  “Can you make a sentence with the word ‘dog’?”
4 - Recall Vocabulary, letter, and rhyme recall “Name 5 different colors.”
5 - Open QA and empathy conversation “What do you think makes a great movie?”

6 - Role-Play  Scenario and persona role-playing  “Imagine you're a psychologist, explaining anxiety.”
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Game-Time Benchmark
(Instruction following paradigm)

A
' 4 \

Basic Tasks Advanced Tasks

~

Augment with time-related constraints!
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Game-Time Benchmark - Dataset Generation

Augment with time-related constraints!

longer than 20 seconds

e “Repeat the following sentence: | have a pen”

\\A Remain silent for 10 seconds, then respond

Repeat right after me (shadowing)
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Game-Time Advanced Tasks

Constrained Type Example

A - Time Fast

B - Time Slow

C - Time Silence

D - Tempo Interval

E - Tempo Adhere

F - Simul.Speak Shadow

G - Simul.Speak Cue

Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026 Kai-Wei Chang, MIT CSAIL <kwchang@mit.edu>



Game-Time Tasks

Constrained Type Example
A - Time Fast “Please count from 3 to 15 within 4 seconds”
B - Time Slow “Please count from 3 to 15 lasting more than 10 seconds”
C - Time Silence “Please remain silent for 10 seconds then count from 3 to 15”

D - Tempo Interval

E - Tempo Adhere

F - Simul.Speak Shadow

G - Simul.Speak Cue
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Game-Time Advanced Tasks

Constrained Type Example

A - Time Fast

B - Time Slow

C - Time Silence

D - Tempo Interval “Please count from 3 to 15, pausing a 1 second gap between each number”

E - Tempo Adhere “‘Please count from 3 to 15, with the tempo [bpm 100: one, two, three, four]”

F - Simul.Speak Shadow

G - Simul.Speak Cue
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Game-Time Tasks

Constrained Type Example

A - Time Fast

B - Time Slow

C - Time Silence

D - Tempo Interval

E - Tempo Adhere

F - Simul.Speak Shadow | “Please repeat each word right after me. Here we go: ‘I have a pen.”

G - Simul.Speak Cue “Let’s play rock-paper-scissors, Say ‘rock’, ‘paper’, or ‘scissors’ when | say
‘shoot’. .... ‘rock’, ‘paper’, ‘scissors’ shoot”
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Basic Tasks (14 subtasks) Advanced Tasks (31 subtasks)

1-Sequence (3 subtasks) A-Time-Fast (10 subtasks)
+ 1-a Sequence-Number - 1-a Sequence-Number-TimeFast
+ 1-b Sequence-Alphabet - 1-c Sequence-Spell-TimeFast
+ 1-c Sequence-Spell « 3-a Compose-Word-TimeFast
+ 3-b Compose-Scenario-TimeFast
2-Repeat (2 subtasks) . 4-a Recall-Vocabulary-TimeFast
. 2-a Repeat-Word « 4-b Recall-Letter-TimeFast
. 2-b Repeat-Sentence + 5-a OpenEnded-QA-TimeFast
+ 5-b OpenEnded-Empathy-TimeFast
3-Compose (2 subtasks) « 6-a RolePlay-Scenario-TimeFast

. 3-a Compose-Word « 6-b RolePlay-Persona-TimeFast

diai LUSS B-Time-Slow (7 subtasks)

4-Recall (3 subtasks) « 1-a Sequence-Number-TimeSlow

+ 3-a Compose-Word-TimeSlow

« 3-b Compose-Scenario-TimeSlow

« 5-a OpenEnded-QA-TimeSlow

« 5-b OpenEnded-Empathy-TimeSlow
« 6-a RolePlay-Scenario-TimeSlow

« 6-b RolePlay-Persona-TimeSlow

« 4-a Recall-Vocabulary
« 4-b Recall-Letter
« 4-c Recall-Rhyme

5-Open-Ended (2 subtasks)
« 5-a OpenEnded-QA
- 5-b OpenEnded-Empathy C-Time-Silence (4 subtasks)

« 2-b Repeat-Sentence-TimeSilence
« 4-a Recall-Vocabulary-TimeSilence
« 4-b Recall-Letter-TimeSilence

6-Role-Play (2 subtasks)

« 6-a RolePlay-Scenario

- 6-b RolePlay-Persona

« 5-b OpenEnded-Empathy-TimeSilence

D-Tempo-Interval (4 subtasks)

« 1-a Sequence-Number-Tempolnterval
« 1-c Sequence-Spell-Tempolnterval

« 4-a Recall-Vocabulary-Tempolnterval
« 4-c Recall-Rhyme-Tempolnterval

E-Tempo-Adhere (4 subtasks)

« 1-a Sequence-Number-TempoAdhere
« 1-c Sequence-Spell-TempoAdhere

« 4-a Recall-Vocabulary-TempoAdhere
« 4-c Recall-Rhyme-TempoAdhere

F-SimulSpeak-Shadow (1 subtask)
« 2-b Repeat-Sentence-SimulSpeakShadow

G-SimulSpeak-Cue (1 subtask)

« 7-a Game-RockPaperScissors-SimulSpeakCue

Basic Tasks: 700 speech instructions
Advanced Tasks: 775 speech instructions

Kai-Wei Chang, MIT CSAIL <kwchang@mit.edu>



Game-Time Inspiration

e How we learn a language in
childhood

e Through playing games!




Evaluation , , , ,
LLM-as-a-judge to evaluate the instruction following score

Score
User: Rock paper scissors shoot! ‘s
(3.8~4.3) (E.sg.s) (5.8~6.6)  (6.9-7.4) LLM Gemini 2.5 Pro
Agent: Scissors! Judge
(6.8~7.6) Time-stamped Alignments
I
User channel ««1|I[]{1eeeeect|i]][1eeeeeceeeed .
| ”I | ”I ASR Whisper
Aligner medium

Agent channel
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Models

e Gemini-Live

e GPT-realtime } Commercial API
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Models

e Gemini-Live
e GPT-realtime

e Moshi
NEW!
e PersonaPlex NEW!

v

v

e RaonSpeech Chat |
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Commercial API

Dual-channel Full-Duplex

Moshi: a speech-text foundation model for real-time dialogue (https://arxiv.org/abs/2410.00037)
PersonaPlex: Voice and Role Control for Full Duplex Conversational Speech Models
(https://arxiv.org/abs/2602.06053)

Raon Speech (https://huggingface.co/KRAFTON/Raon-Speech-9B)

Streaming Sequence-to-Sequence Learning with Delayed Streams Modeling
(https://arxiv.ora/pdf/2509.08753)

Freeze-Omni: A Smart and Low Latency Speech-to-speech Dialogue Model with Frozen LLM
(https://arxiv.org/abs/2411.00774)



https://arxiv.org/abs/2410.00037
https://arxiv.org/abs/2602.06053
https://huggingface.co/KRAFTON/Raon-Speech-9B
https://arxiv.org/pdf/2509.08753
https://arxiv.org/abs/2411.00774

Models

e Gemini-Live
e GPT-realtime

e Moshi s
e PersonaPlex ..
e RaonSpeech Chat

e Unmute (cascaded)
e Freeze-Omni

Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026

o

v

v

Commercial API

Dual-channel Full-Duplex

Time Multiplexing Full-Duplex

Moshi: a speech-text foundation model for real-time dialogue (https://arxiv.org/abs/2410.00037)
PersonaPlex: Voice and Role Control for Full Duplex Conversational Speech Models
(https://arxiv.org/abs/2602.06053)

Raon Speech (https://huggingface.co/KRAFTON/Raon-Speech-9B)

Streaming Sequence-to-Sequence Learning with Delayed Streams Modeling
(https://arxiv.ora/pdf/2509.08753)

Freeze-Omni: A Smart and Low Latency Speech-to-speech Dialogue Model with Frozen LLM
(https://arxiv.org/abs/2411.00774)



https://arxiv.org/abs/2410.00037
https://arxiv.org/abs/2602.06053
https://huggingface.co/KRAFTON/Raon-Speech-9B
https://arxiv.org/pdf/2509.08753
https://arxiv.org/abs/2411.00774

Models

e Gemini-Live
e GPT-realtime

e Moshi

: Commercial API

e PersonaPlex - Dual-channel Full-Duplex
f Model speech token . . . S Speaking state \

Dual-Channel User speech token Tlme-MultlpleXIng L’ Listening state
{77 77 silent speech tokens Model p  Forcing the SLM to

:,__: .r",' :,-.: .r“,' .r",' .r",' Speaking t f T t start listening

t ottty YTt [ J

( Full-Duplex Spoken Language Model

] Full-Duplex Spoken Language Model J T T T T T : ; : : 7

T T T 1 1T f 1 1 1 o E
j DD serspeaking ... L., . and oher modes.
I User Barge in interrupt
Ref: On the Landscape of Spoken Language Models

(https://arxiv.org/abs/2504.08528, TMLR 2025) / Interspeech 2026 Tutorial

Game-11me: Evaluaung Iemporal Uynamics in SPOKen Language IVIOGEelS, ILASSE ZUZ0 d



https://arxiv.org/abs/2504.08528
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Game-Time Benchmark - Results




Game-Time Basic Tasks Results

B FreezeOmni . Moshi mmm Raon mmm GPT-Realtime

5 Game-Time - Basic Tasks ey = Unmute B PersonaPlex EEE Gemini-Live i

441

Score
w
|

1 r

Sequence Repeat Compose

4.60

Score
w
)

Recall Open-Ended RolePlay

Commercial API performs well on basic tasks
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Game-Time Basic Tasks Results

Game-Time - Basic Tasks B FreezeOmni . Moshi mmm Raon mmm GPT-Realtime
B Unmute B PersonaPlex I Gemini-Live
5 4.84 4.83
o
(o]
O
(2]
Sequence Repeat Compose
21 4.60 4.72 4.86 4.65 55
i 389 399
L 3.55
] 320 3.19
ER
(7]
2-

Recall Open-Ended RolePlay

Open-sourced models < Commercial API
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Game-Time Advanced Tasks Results

B FreezeOmni

Game-Time - Advanced Tasks = Unmute

4.58

3.48
2.83

Score
w
|

2.12

1 T T
Time-Fast Time-Slow

Score
w
)
N
(2]
w

1.00

. Moshi mmm Raon mmm GPT-Realtime
B PersonaPlex I Gemini-Live

2.36

1.451.39 45

Time-Silence Tempo-Interval

1.16 1.28

Tempo-Adhere SimulSpeak-Shadow SimulSpeak-Cue

After introducing time related constraint, the

model degrades a lot
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Game-Time Advanced Tasks Results

GameTime = Ad ced Tasks B FreezeOmni [ Moshi mmm Raon mmm GPT-Realtime
m A van B Unmute B PersonaPlex I Gemini-Live
21 458
4 1 3.833.79
o
SER
(2]
2-

1.451.39

1 .
Time-Fast Time-Slow Time-Silence Tempo-Interval
5 -
4 4
5
0 31 2.83
(%)
1.96
27 163 1.68 1.84 176 184 184
129 137 1.40 1.28
i _-ﬂ—- 100 104 I 112 L0 Ll 150 pa
Tempo-Adhere SimulSpeak-Shadow SimulSpeak-Cue

After introducing time related constraint, the
model degrades a lot
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Correlation with Human Judgment

Judge Pair

Spearman’s p

Pearson’sr

Human - LLM (Gemini Pro)

0.68

0.68

Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026
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Correlation with Human Judgment

Judge Pair Spearman’s p Pearson’s r
Human - LLM (Gemini Pro) 0.68 0.68
NEW! ¢
Human - Qwen3 Omni (text) 0.58 0.57
open )
sourced Human - Qwen3 Omni (text + audio) 0.65 0.67
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Conclusion

e The SOTA SLMs can excel on most basic tasks
* However, some SLMs (e.g. Moshi) still cannot

e All SLMs do not have reasonable performance
when time constraints are introduced

e SLMs cann’t perform on some tasks that are easy to human!
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Future Work - TiCo

) /

0o gy

Well, <0.9 seconds> milk benifits. <32.5 seconds>

Spoken Dialogue Model

0 0
il i -

(What benefits does milk offer?)

You are a helpful assistant.
The response should be 15 seconds.

Generates
_~ “time token”

TiCo: Time-Controllable Training for Spoken Dialogue Models
(https://arxiv.org/abs/2603.22267)

Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026
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Future Work - TiCo

) /

O0gogd

Well, <0.9 seconds> milk - benifits. <32.5 seconds>

)

Spoken Dialogue Model

) )

,,|||||||,,,|||||||, You are a helpful assistant.
The response should be 15 seconds.

(What benefits does milk offer?)

Generates
_~ “time token”

TiCo: Time-Controllable Training for Spoken Dialogue Models
(https://arxiv.org/abs/2603.22267)

Game-Time: Evaluating Temporal Dynamics in Spoken Language Models, ICASSP 2026

Able to follow time-control
instruction - time awareness

TiCo is a half-duplex model

Still can not solve most
Game-Time tasks

A step towards time-aware SLM!
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