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Abstract

This study addresses the paradox of being “Alone Together” where technological advancement often leads to human alienation,
by proposing an approach to design Al as a “Social Catalyst” to promote human-to-human interaction. We designed a system
architecture for a “Social Catalyst Al Companion” that actively intervenes in shared media viewing environments based on
multimodal information. The core objective of this research is to identify the engineering mechanisms that enable such interaction
facilitation and to derive the optimal intelligent engine within the designed structure. To this end, a comparative experiment was
conducted on six major Large Language Models (LLMs), combining qualitative indicators such as persona consistency with
quantitative indicators such as speech quality and operational efficiency. The experimental results demonstrated a clear trade-off
between intelligence and speed; Gemini-3 achieved the highest Relative Performance Index (RPI) of 100 in situational awareness
and Transition Relevance Place (TRP) prediction precision, while Llama-4 showed superior real-time responsiveness with a latency
of 3.41s. To overcome the limitations of single LLM engines, we propose a Hybrid Intelligent Architecture based on a
“situation-tailored engine switching strategy”. Rather than directly verifying the increase in social interaction, this study is
significant in presenting the systemic conditions and design possibilities for Al to function as a social catalyst, focusing on key
mechanisms such as conversation elicitation and intervention timing.

Keyword : Al Companion, Hybrid Intelligent Architecture, Situation-Aware Al, Social Catalyst, TRP(Transition Relevance
Place)
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Table 1. Prompt Design Specifications and Few-shot Examples by Persona

expressions.

subjective interpretations, opinions, or emotional

Persona Core Preamble Instructions Few-shot Interaction Examples
oformaton rlsted to.1e video, St excus. In: “Who is that actor?”
Fact-Checker : Y Out: “The actor is ‘Min-jun Kim." His previous work includes

‘Night in Seoul’.”

Debate Facilitator more diverse conversations. Avoid definitive

questions to elicit user perspectives.

Serve as a social catalyst to encourage deeper and

statements and always conclude with open-ended

Prioritize recognizing user emotions and providing validation,
comfort, and support. Focus on emotional bonding without
analysis, evaluation, or unsolicited advice.

Emotion
Companion

validation, comfort, and support. Focus on

unsolicited advice.

Prioritize recognizing user emotions and providing

emotional bonding without analysis, evaluation, or

In: [Context: Sad parting scene], [User Emotion: ‘Deep Sadness’]

Out: “This scene is heartbreaking. | can only imagine how you
feel right now. It seems like you're also deeply moved by
this moment.”
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Table 2. Detailed Specifications of the LLM Engines Used in the Experiment (2026.01)

Model Name Model Identifier (Model ID / Version) Provider
GPT-5.1 gpt-5.1-chat-latest OpenAl
Gemini-3 gemini-3-pro-preview Google
Claude-4.5 claude-sonnet-4-5-20250929 Anthropic
Grok-4 grok-4 XAl
Llama-4 Llama-4-Maverick-17B-128E-Instruct Meta
Sonar-Pro sonar-pro Perplexity
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Metric (Scale)

Description

Score 7 (Outstanding)

Score 4 (Average)

Score 1 (Very Poor)

Persona Consistency

Consistency in
maintaining the assigned
role and tone.

Clearly defined and
perfectly maintained in
all utterances.

Mostly maintained, but
occasional subtle
inconsistencies appear.

Completely
misunderstood or mixed
with other personas.

Contextual
Appropriateness

Accuracy in reflecting
media context and user
emotions.

Organic reflection of
specific moments and
emotional states.

Related to overall
content, but fails to
capture subtle nuances.

Completely irrelevant to
the given video context
or emotions.

Information Accuracy

Factual correctness of
the provided information.

100% factually correct
based on verified video
and actor data.

Core info is accurate but
includes minor errors or
omissions.

Clearly false information
or hallucinations
produced.

Conversation Elicitation

Effectiveness in inducing
user's further thinking or
discussion.

Stimulates deep thinking
with insightful
open-ended questions.

Attempts to lead, but
questions result in
superficial answers.

Disrupts conversation or
ends with declarative
statements.

Empathy Expression

Depth and naturalness
of empathic resonance.

Accurate recognition of
emotions with sincere,
delicate language.

Shows intention but
uses clichéd or
mechanical expressions.

Fails to understand
emotions or responds
inappropriately.

Z(Interaction Intelli-
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Name Consistency Appropriateness Accuracy Elicitation Expression Score
GPT-5.1 5 5 5 4 5 4.8
Gemini-3 4 4 4 5 4 4.2
Claude-4.5 5 3 4 3 4 3.8
Grok-4 3 2 5 5 4 3.8
Llama-4 4 4 3 3 3 34
Sonar-Pro 5 3 2 2 3 3.0
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Table 5. Comparison of Performance Metrics by Model in Text-Only Mode

Model Similarity Adherence ROUGE_L METEOR Latency Length
Claude-4.5 0.58 0.96 0.05 0.05 - 587.65
GPT-5.1 0.58 0.96 0.07 0.06 - 388.93
Gemini-3 0.56 0.93 0.07 0.05 - 364.33
Grok-4 0.62 0.89 0.07 0.13 - 577.70
Llama-4 0.62 0.81 0.06 0.15 - 332.04
Sonar-Pro 0.61 0.96 0.02 0.08 - 636.48
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Table 6. Comparison of Performance Metrics by Model in Multimodal Mode

Model Similarity Adherence ROUGE_L METEOR Latency Length
Claude-4.5 0.32 0.59 0.02 0.03 8.30 193.00
GPT-5.1 0.37 0.67 0.02 0.03 5.74 356.67
Gemini-3 0.40 0.63 0.02 0.03 27.94 223.48
Grok-4 0.19 0.48 0.02 0.04 35.68 341.48
Llama-4 0.49 0.63 0.07 0.15 5.20 861.41
Sonar-Pro 0.36 0.78 0.01 0.03 12.44 409.85
Persona Adherence Rate
YT oee 0963 = Textonly
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Fig. 7. Comparison of Persona Adherence and Language Quality Metrics Across LLMs
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Table 7. Integrated Comparison of TRP Intervention Precision and System Efficiency

Success Avi Accurac Stabili
Model MAE RMSE Rate Later?cy Score g Sc:orety

Gemini-3 129.16 154.94 7.14 38.63 42.26 52.17
Claude-4.5 144.68 179.6 2.63 5.95 35.33 44.56
GPT-5.1 161.44 195.41 2.63 3.96 27.83 39.68
Grok-4 165.45 205.89 3.03 42.98 26.04 36.44
Sonar-Pro 169.05 236.65 0 5.17 24.43 26.94
Llama-4 186.42 269.95 5.26 3.41 16.67 16.67
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Graph 2: Relative Performance Benchmarking (Higher is Better)
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A-1. 93 JSON Ho|EIAl o Al: TRP 7Y Elol S+
o] 5|4l (Golden Dataset)

“video id™: 1,
“drama_title”; “HZ7} A2,
“trp_id™: 1,
“media_context”: “Z3L
F7} olojAthrt, Flgol 2l Ao FolA] AF thAl
A sty Feehs 4
S} Al FAke] 11l At sladE ALY
“timestamp’”: {
“start_sec”: 44.0,
“end sec”: 48.0,
“center_point”: 46.0
5>
“type”: “Action-to-Cut Transition”,
“recommended persona”: “CineMate”,
“rationale”™: “= & Z1¥gt A A7|7F 2y F
Fgolgts AA Heo g Foto = 7Y & TRP AA
. AN PPLO| Shdet el tisl AR Ale] o AS &
71 A4

1% of

’

N
ale

——

]

A-2. 97 JSON HleEAl & Al: TRP 7§ S} Eteld o 3
(gpt-5.1-chat-latest)

olate] tloly Fx&= & Ao HA 9 H7F AV L
T AL 1&gk BE7F Ay el 288 43 JSON
27|mke] o Alo|tt A| 2] o] AAZE SEA N A 2
A7t H= me] Wg 7]$ o) (media_context), =3 EFY
2’ 7 H(timestamp), 2 ©] 23t M8 745 2 H(TRP)
714 (center point) ¥ Edo Az FE Wk £

(latency) WM& E§etch

“video_id™: 1,

“drama_title”: “HZ7} A&,
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“trp_id™: 1
“media_context”: “Z3L A1 714}
F7h olofAITt, Fgol 2l Ao &
el g A PPk
o} sl @A) 71470
“timestamp’”: {
“start_sec”: 44.0,
“end_sec”: 48.0,
“center_point”: 46.0

5>
“type”: “Action-to-Cut Transition”,
“recommended persona”: “CineMate”,

“rationale”: “= & 714}3F A A 7|7} By <&
§j ]"O]ﬂ.,‘:_ /\]x.ﬂ Tﬂlq\‘j:}oi E_O]_OL_ 7]’;(]‘ % TRP X]@
. A3} PPLE) el 23l el AREALe] o AL B
71 AA”,

“model _id”: “gpt-5.1-chat-latest”,

1% of

N,

“predicted sec”: 2.5,
“model_persona”: “CineMate”,
“latency”: 4.464392
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“scenario_id”: “S1-2”,
“video_title”: “@AZ7} A& - A X

“persona”: “SIE(ZAAFHAN”,

PPL 45",

“media_context™ “= & S1EE°] MA g YI}E 1}
Fob 4R BAAAYHA AR EE E3 AEY
EAS AYsiy He Bl I dEHe AH”,

A Y of ]H}\l T7]‘:]"”
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Ax Y é}u}ﬂ AP E B ofolgloA] g3 -3l Q.
FHAE AF 5ol e L 71, AL Hkotal

b
{
“scenario_id”: “S1-3”,

“video_title”: “@=Z7} A4 - A X PPL &%,

“persona”: “HU|v| o] E(EEZZ1A})”,
“media_context”: “Egtv} 9] Edtv} 2 FH S
J(PPL) E3He S1E I FAFsHHA

“user_utterance”™: “A FA}2L SHATF A ¥ PPL
AES £ AT A o,
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3}1]“& Az greeE AAE olfk & 00HE
29 sl ol AEE AH7A o= 4 A
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“scenario_id”: “S1-17,

“ideo_title”: “Be Melodramatic - PPL Incident”,
“persona’: “Fact-Checker”,

“tested _model”: “gemini-3-pro-preview”,

“user_utterance™: “A 7HE 9 sk wig- o]F ol
Hopy ARy F LHH”,
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5>
{

“scenario_id”: “S1-2”,
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“video_title’
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“user_utterance™: “¢}, A 7141 A7} of v4e}? 3
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“scenario_id”: “S1-3”,
“Be Melodramatic - PPL Incident”,

“persona’: “CineMate”,

“video_title”:
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