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Proactive Dialogue Systems in the Era of Large Language Models: Methods,
Evaluation, and Challenges
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Abstract: With the exponential growth of artificial intelligence technologies, particularly the advent of Large Language
Models (LLMs) and advanced multimodal perception capabilities, the field of dialogue systems is undergoing a profound
paradigm shift from passive, reactive interaction models to intelligent, proactive agents capable of autonomous engage-

ment. Traditional reactive dialogue systems, which have long dominated the landscape of human-computer interaction,
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operate on a "request-response" basis where the system relies entirely on explicit user queries or commands to initiate a
turn, a limitation that becomes increasingly apparent in complex, dynamic real-world scenarios where users may have
latent needs, undefined goals, or require timely assistance without knowing how or when to ask. Addressing these limita-
tions, Proactive Dialogue Systems represent a significant leap forward, endowing machines with the cognitive ability to
anticipate user intentions, monitor environmental contexts, and initiate interactions to provide support, guidance, or emo-
tional companionship. However, proactivity should not be limited solely to "what to say"; temporal awareness and timing
are equally critical dimensions: intervening too early may cause disruption, while responding too late diminishes the value
of assistance. The timing of proactive intervention directly determines the success or failure of user experience. In the past
two years, with the enhanced reasoning capabilities of large language models and the maturation of multimodal perception
technologies, research on dialogue systems focusing on "when to speak" has rapidly emerged. Yet, existing surveys have
not systematically analyzed this emerging direction nor provided timely coverage of recent advances in proactive guidance
methods. Therefore, this paper first reviews current dialogue system research and categorizes existing approaches into two
main types—Intentional Proactive and Temporal Proactive—based on the core criterion of whether they incorporate a tempo-
ral dimension. In the realm of Intentional Proactive Dialogue , the system’s proactivity is driven by the content and goals of
the conversation rather than strict real-time environmental constraints. This category is further dissected into two sub-
dimensions: Target-Oriented and User-Centric systems. Target-Oriented systems are engineered to guide the dialogue effi-
ciently toward a predefined goal or conclusion, such as completing a specific task , making a recommendation, or converg-
ing on a topic. Research in this area focuses on overcoming the limitations of greedy, turn-by-turn generation by employing
global planning mechanisms, such as Target-Constrained Bidirectional Planning (TRIP) and hierarchical goal decomposi-
tion, which allow the system to navigate complex dialogue trajectories while maintaining logical consistency and minimizing
the "distance" to the desired outcome. Differently, User-Centric systems prioritize the user’s experience, emotional state,
and implicit needs, leveraging psychological frameworks like the Belief-Desire-Intention (BDI) model and empathetic com-
puting strategies. These systems aim to build rapport and provide emotional support by proactively asking clarifying ques-
tions, offering comfort, or stimulating interest based on the user’ s historical preferences and personality traits, thereby
transforming the agent from a mere tool into a companion that fosters long-term engagement. The survey places particular
emphasis on the second major paradigm, Temporal Proactive Dialogue, which introduces the critical challenge of determin-
ing when to interact. Unlike intentional proactivity, which focuses on what to say, temporal proactivity requires the system
to continuously sense the environment and user state to identify the "Goldilocks Time Window" —the optimal moment for
intervention where the utility of assistance outweighs the cost of interruption. The survey deconstructs the architecture of
temporal proactive systems into a closed-loop process comprising three tightly coupled components: Timing Prediction,
Policy Planning, and Response Generation. Timing Prediction serves as the foundation, employing multimodal sensors
(vision, audio) and social graph reasoning to detect cues such as hesitation, gaze direction, and environmental changes
that signal a need for help. Theoretical underpinnings like Cognitive Load Theory are utilized to predict the user’s mental
state, ensuring interventions occur at moments of low cognitive burden or high necessity. Policy Planning connects timing
with action, transforming the "when" and "how" into a unified optimization problem where the system dynamically adjusts
its strategy—choosing between explicit verbal interruptions or subtle visual cues—based on real-time feedback and rein-
forcement learning models trained to maximize long-term interaction value. Response Generation in this context moves
beyond static text generation to dynamic, time-sensitive output. The survey highlights innovations in asynchronous architec-
tures and "speak-before-asked" mechanisms, where the system generates responses that are contextually coupled with the
evolving timeline of events, ensuring that advice is delivered with high temporal precision and relevance. Furthermore, the
survey critically analyzes the infrastructure supporting this field, reviewing a wide array of benchmark datasets that have
evolved from text-only corpora like MultiWOZ to complex, multimodal datasets such as ProactiveVideoQA and EgoT-
askQA, which capture the nuances of physical interactions and rich environmental contexts necessary for training tempo-
rally aware agents. The paper also summarizes different evaluation criteria, while traditional metrics like BLEU,
BERTScore and Perplexity assess linguistic quality, they fail to capture the essence of proactivity. Consequently, the sur-

vey investligales specific metrics, such as the "Proactive Area Under Curve" (PAUC) for assessing liming accuracy, along-
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side multi-dimensional human evaluation protocols that measure Strategic Effectiveness, Reasoning Consistency, and Ethi-
cal Safety. The survey further examines how LLMs support proactive dialogue systems in different roles and discusses the
comparability issues caused by inconsistent disclosure of model versions and deployment settings. Despite notable
advances in proactive dialogue systems, their broad deployment in open-world settings remains hindered by several interre-
lated challenges. High-quality annotated data—particularly real-world datasets that integrate multimodal signals and cap-
ture fine-grained user feedback on proactive interventions—is still scarce. Current systems exhibit limited capacity to
understand individual user differences and evolving cognitive states, resulting in weak adaptability and insufficient con-
tinual learning. Multimodal fusion remains nascent, with existing approaches struggling to effectively align heterogeneous
cues from speech, text, and vision to support robust environmental awareness. Moreover, ethical and privacy concerns
lack comprehensive frameworks, and there is a pressing need to ensure user controllability and transparency in how and
when proactive behaviors are triggered. In conclusion, the paper not only charts current state of the art in proactive dia-
logue systems but also outlines a roadmap for future research, emphasizing the need for real-world datasets, dynamic and
self-adaptive personalization, deeper multimodal spatiotemporal fusion, and rigorous ethical frameworks to realize the
vision of Al agents that are true intelligent partners—capable of understanding not just what we say, but what we need, and
intervening at precisely the right moment to enhance human capability and well-being.

Key words: proactive dialogue; large language models (LLMs) ; intentional proactive; temporal proactive; human-

computer interaction; multi-agent
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INSCIT (Wu%%,2023) RAFEaFHR K 4.7k EZ
MultiDoc2Dial (Feng %5,2021) H A5 ) XHE 67k EZ
MultiWwOZ 2.0 (Budzianowski 55 ,2018)

MultiWOZ 2.1 (Eric %,2020) BT S Lok P
MultiWO0Z 2.2 (Zang %5 ,2020)

TOPDIAL (Wang 5%,2023) T AR B A5 ] X i 18k EZ i
DuRecDial (Liu%,2020) EZ2 b opniEiiycs 10k 21
DuRecDial 2.0 (Liu%s,2021b) TS SR A XS A 16.5k E4 5

T - R BT A B AR A U e e T AL S 5E A A5 R L R BUIRSs TR 3 B L AR L
W5 ; FeH INSCIT  TOPDIAL 5 DuRecDial 51 55 iR & E30 ARG | T aliferr =X F AR, (HHE R AT S X

EENIIER D Eizgu

1.1.4 PN

eI RGBT PEAG M BT X
Tl it R PERE AR S S AT o B A R G
B CYAT PR R KRBT 4o A SRl A
il LA BTG ATAL =2, 43 3 AN [] 4 1 2 i 32 452
(AT T 2B T B SR B R RS AR

H s PFAl F8 bR 32 20 1 4 A4 O 1 18 R
AR -8 DL R B AR RRE . R TAER R
JHSE FH SCAS A LA A, W AT EE (Perplexity , PPL) 1
Distinct-n(DIST) (Li 4%, 2016) , §ij #& S A= il 5 g )
T, JE A e 2 AL LAh , BLEU (Pap-
ineni, 2002 )3 i 35 A TR 5 2 % 56 2 18] ) n-
gram B 2 P R DA 2 TRTAFARLE ;5 17 B 1 4350 00 A 3]
P (BhSCRCF FERFR) _F LA s 1 5 A e
K E— 2 H, BERTScore (Zhang 25 , 2020) JE T 15
Y Zrih 5 B AR iy bR SC4bin) ) i 3RO, il a3t
S N i 522 0l 2 22 [R) R SV ECRR B R T 1T
i, BEREAE — E FEF b ¥R4b BLEU 2% )2 & 15 45
X [7) SCOCE R AN F R AU R . TR
P@K Fl R@K PF-Al G4 ) 48 i H AR & h 07 B K 1Y

AR A B0 B0 TR 19 H AR 1)
FRPE PR E I T AL S5 AR 6 br o B4,
Wang 55 A (2024) i i} goal success rate (Goal Suce. )
R i R GE 15 P 5 | SRR S i s H bR (A0 58
TR SE AT 55 B S AR S W) . TERIH B AR ALY
i, Knowledge F1(Know. F1) (Liu & ,2020) #t— 2
PR R GERE T HERA 5 | FH AU IR = oo vh i) CHER
ISNQ BRI i

ST A SR AR 4 T B0 35 AT A B
SR ae , RV 2 AT 5B #M FE . 52 See
A N(2019) 3 & , Hu 58 A (2025) 4 Hi T YA~ ARRLFE
BN ZEPE M 4k T . 5 A R PE (strategic effective-
ness, SE) 5 #E B — 1 ( reasoning consistency, RC),
VEORE I 10, 1, 28, 23 5 PFAG = 3l SR 2 B A %L
B XIS HERR S A R BT 5 Ll (professional-
ism, Prof) (PF4310, 1,2, 31), i [\ N J& 5 47540
SRLYE (R B AR P Y Ll R GR )  TE 18 2 A
(ethical safety, ES)( —Joi¥4r 10, 11), #iffk RG 1T
AT E B , oA F SR L

TEFRGERARVEREZ 18, th T HICH] P 5256 A
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e B ELXE DARAEAL, , Z2 50 o8 (O FH P Bl 2 b 4
i B v PEAL . H 8 PR L4 : SR@t (success rate at
turn ) « 7 0 R GUAE S ¢ 5o S NIk R H A Y He )
DA K #Turns : 58 i H #5 AT 55 W /7 09 F 32 X0 35 e Ik
(Deng%%,2025) .

ZEA RS IRRT LAE DL E AR R Rt )
J5 7E Goal Suce. \SR@t 5 #Turns 24T 55 B 45 45 |
7y R IR B, A S0 A AR U5 A T8 o 4 SR
R 53 )2 o i S AR W 2 ) W R A TR
25 18], T80 38 58 5 0o A B0 >R R A AT JXURS: o DA
AT 45 S, TRIP \DIffTOD  HierTOD — 25 “
FUR 5 A2 B0 1 5 2 S H AR AT 55 BE R Y
Y%t CRC.PCQPR 45—t 5 A F A& 1E J7 vk I 3
B RC Know. F1 ORIl P 25 i £t 4k, B
WS T H b SCFI R SCE R R SRR E
Spec-TOD 55 4% 15t {b J7 2 LA 75 U5 AN IR B AS 08 1
AW 1. T Z %R AR B T4
T B AL Ry AT RS A 55 HEE FHLAE A R
H AR AR AT SRR AT E0AIE , 75 W R G255 L F 50
IR A Ay FE
1.2 HARAFL

AL L E AR L B E SRS R AT 55 5
] A B33, I LA P SR vty 1 32 3l 0 4 U 2R £
T2 H L AR et FH PR A Y IR A B AR S N
Deng % A (2024) 5 i T 4 37 LA Sy w0 18 3 2k
15 & fiE 4K (proactive conversational agent, PCA ) )
BVE AR T R n EE IR T AT
55 B HERE TR K, A2 6 P& 4 AR A %R
i B B8 s A T R (w252, 2025 ) (149 52 Fsf J8 01 i SR 2
HAZ 0 B s 25 X5 1Y | AAE g Re 1 51k
AT RGN G T AT S5, R B
1.2.1  [nliE L

VL P R e 89 2 gl il vl e b e SOh < 45
EMHTET S H = {u,, s, .. u t Cp o R H
P s 2R RGN ) DL FRRASFRAE U, (46
AR T2 BE EE I FRAR), RETHAET
e U PR B 0, 35 8 A 1 N Kk T
T, JF AR BUAF A T P 24 AR A 5 K BT 5 5K A g )i
S WMRAL T PR B8 bR (TG 2 B A 24 ) o
1.2.2 SEM5k

b RATE S AL (LLMs ) ¥ R PR & =, DA
FH P A e 1 F 2eE R 48 2 U R ABLAS HAK

B 0 SCHE Ty ) o X2 R GE I TR AR AR T P ORAS
T AT, SIS I 85 | 5 5 IR 55, 32
U P R B A TR . Y AT R
FUORS R T3P R A AE i LA K37 5 Ak
A H AL YA Z R ETT

D JH ARSI 5 8L [ 8E T P A A
oy HIERIRG 4 R EUMIBHZE i AEE R 2 SUARTRAE
HFIWT“IZ AR % F23h" . Satori (Li 55, 2025a) 1 fif e Jy
PR E Sk AR O BRI M AR F oK L
I, A AR5 A& - JE 2R - 7 & (belief-desire-and- inten-
tion, BDDAHEAR 5 2 Wi RMERILE & il i 0 B
ARSI AR g £3589 5770, COCOON
(Fu5§,2025) #t— 0 & 3, 1§ GR35 R 8T
SRR BB MR BRI 235 KB, T2 R TR
AR AU P Rk RN 9 254 78 B 5 5K 5 PsyAdvisor (Hu
5,2025 ) T FH 5w i 735 B 3y 488 s M ] fih A2
KRR SR TR SE R 2 OB
B SR M2 430 AR5 0t , — HARAS AT 2k
e, AT AT BRI S B B AL

2) EhR SRR . BIE 2 U
ARAS, RGANE R Se i i 2 S AT F sl B AT
N T SN s /A N 7 G S =<5 (i1 L
PRINCIPLES (Kim 5 , 2025 ) {147 ¢ J& 42 5 W 4 25 A8
AR BAEICAL ) T AR 2 A B ) 8, PRI A 3 5 R
WACAZ I Lk R GERe s AR 4 ] P B U5t ) 1 S P 1Y
X RIS o O W B AR AT 55, Al 4, CEP HE BE
(Zhang %5, 2024) JLRRI 15 4 42k B 7 TS L IAT AN
LR =B ek, 2 TR 2R B~ LLM [R] i 7 40
A F YR A 14 AppAgent-Pro(Zhao 5% , 2025 ) I3
o NP AE T SRR A T 2 (5 Bz . A2 &R
Grik g oA e  BIRR 25 23153, OF BN 28 Reik
P E AN T B AR e P EOR T &y

= | —
o— | «—

R
[T=] <—~
=

P — g“ﬁ ° sk BTE LA BT 5 Btk i
s j{l Jo MERE N 1T He
R we Ak
K4 CEPZEREIRHER

Fig. 4  Clarification-Execution-Planning multi-agent framework
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(Wang 4% ,2025¢) B IEA RN TR A R =
FH P50 31 5 Zhang 55 A (2025b) #E— 245 H
B 455 %) 55 22 5% BR e 3 Y 1 8 B0 i 4, o L foe o
BIn o 58S uE—280, A, b 142 Personal A-
gent , Kf Z2 50 WG T 43 128 8 b R A2 AR BA T
P28 o B P RS A T R R G — P S, AT
THFR M — 30 30 4E ; PaRT (Niu 55, 2025)
FE L LA AL LS SO S YT R SOk
X, ERTPCE R R4 G R A R E A4 X
FEMARTE T F sl N A B 1S K0 — 8otk (B4R
W2 A A A v R AR 7y B T 5 B, I B I
ALt A A R

4) YA BEALEN S st s . FE LS
BRI AR A AN RN 2 32 8, T S
FEEFEHAL . DufEAN(2024) E ERSIHEIF
scP S B A o AR, I R+
52 L™ S s 7 o S [ i B 5 i 45 (2025b) 75 1
FAl B s H bR A R W OR (G-SFT) Fil
T 1] 5 5 09 3R 4k 2% 3 (C-RL) [E B A Ak H AR BR i 5
2 i, R R AR LA 0] e S ] 2 2 A
I 25 [R] 81 s MapDia (Wu 55, 2025 ) W) 3 52 =5 A4 22 |
F2 RS Z N 3 B FE U4, g Ty s O G B 3
I, BT SRR R SR AR 5, — e
TR AR R IR A SRR PR, E SRS GUR
B PihE AR T BT
1.2.3 Hudase

Bt LA P A O 9 B S X TR IS AN TR A
OIS e (PR GEEC AW OR A UK R €/ E S
GiIF g FTAL AL IR S HERE . ANER 2 R, X BB
PR TR, e ) T F o %HE AT
MIZ TR R AR R .

TEIE S 137 52 b EXTES (Zheng %5, 2023b) {E
i ESConv (Liu % ,20212) 9 J& U T 11, 117 4>
ST, R R H R G 2 U P 2 0 4
PEILRE AN o E A hy 1 IS R B XS R
G T o U R PR R R — 2P
ProPsyC (Hu %5, 2025 ) 548 52 4 171 1 1] 0 B 32 F5 26
F I, AL 2,001 > = B dE 250 0E , IR AR T
TR DL TR 2 5 S A RS R AR 25 . i B 4
AL T XEAT R, R T Rl e 2R B
30 57 K iy M99 6051 ) i B 79 < ) DO M €77 N
PSR AT A S5 A AL ] AR

FEVERAPEXT 1 3 —AE B EVEAT 55, PAG(Wang
2019 $2 4T 1, 017 S BEARPEXS UG, FEARIC SR T
“UR MR e i S SN T | T R R ) 2R
MU . B IR AR S E T =
() B R ISR AL T R IR W oR T £ %
FEVERMEAT 55 b ) S A H

SRR RS HE O PR A B, Wang 5 A
(2025¢) 5] A T 1SCO-800 %5 4 4 , ixX & — 1~ H T4
HXT TR AR Z R P R B E  BS TE
AP REME REE . R ZNN SR
W1, GTEA (Li 5% ,2015) 10 5% T2 5 & 4T H W A0
1E55 B9 LA A F R s A AL, S B FH P 7E EL S 3R
B rp AT R T LR s EgoTaskQA (Jia %5, 2022) 1]
AL R T NN B A5 & LA SR N 2615
AR (1 (] T, A AR 2 EL A O RS 0 56 2R e 4R it
TR

X E 34T R PEAL, Lo %8 A (2025) 2 i 49 Pro-
activeBench & — P & 6, 790 > = 14 19 245 & 52
5, BIERGET LLMs BB BB IR M) T h o %8k
i 438 of R GRS 5 FEFAR T, R ITAR F T
RGP RESRAL TR AR ET T HBR AR
¥ 2 I H 5, Yamasaki 25 A (2025) 97 )& T DO-I-
DEMAND 454 , %11 ST #E H P & Rt i)
HIWMREY =T IR E iR, N R
BTSSR T 09 28l F IR T IPAN RS . fER Bl
Fsh B F 5, ProactiveMobile (Kong 55 , 2026 ) ¢
FHP AR AR M FUE R ST g — ik
& BN, FgE 2 g a2 R E R AP 5 L O
BRBIRIA BRI AT AT DI RE T A . X R
F R (4 3 ) R G BT IR ARSI
B H A R A T S B 5
1.2.4  PEAEEML

FTER X DA P SR o 19 32 3l 6 R G2
Al , BN TR 5 T R N 3 S AT
A R DA 2 T R

T2 A RIS 5 T, BT B
FR 6 2ok AR P 6 &R e sh b s .
, Li %5 A (2025a) 1E Satori & 4t W % I NASA AT 55
TEFEEL(NASA TLX) VPR P iAo , I 456
AP 3 e A AR A T R, DT ) 42 S ik R
SGEDT RS AR GEE AR T

HWR R LGN Z i, 20 TAESIAT
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Table 2 User—centric datasets

M Aef B e ke o
ExTES (Zheng %5 ,2023b) IR 4 11k F2
ESConv (Liu%%,2021a) TH 1,053 2t
ProPsyC (Hu%§,2025) TR AR 1) 320 B S 2,001 EZih
P4G (Wang%:,2019) iR 1,017 EA
1SCO-800 (Wang%§,2025¢) JH P AR 800 5 —
GTEA (Li%,2015) A Fk H O AR 42 2R, TV SIESS, S25 MBS —
EgoTaskQA (Jia%:,2022) R A O R ) S 40k ik
ProactiveBench  (Lu%%,2025) H % AT 5 6,790 {4 EZ
DO-T-DEMAND  (Yamasaki % ,2025) GE PR 15 1 4003755 —

ProactiveMobile  (Kong £ 2026)

g B ES R R

3660 5L, 14 25355 —

"R AN ORI

BT ORIEF BB A S A HES . Wang 58 N
(2025¢) # tH F) FH LLM-as-judge 7 & #4) 2 “ PP K7
BB, N = A S A R A A o) P 9 £ Bl D]
PGS E——RI P X RS TS kA A
BRI DG ) TR — R R e T
FH P Py s B [ B R SO 2 55 3) Wi W A
—— [\l p A A B AR B S g Ty R — A Y
Niu %5 A (2025) 1R LLMs 7 R iEAG 2 , B4 T4
1k (personalization ) | {5 8. FE (informativeness )
235 1% 51 (communication skills) =35 Fr. 1F
W 2Z i, LA LLMs A B6A 0 2 7 -5 N0 )
*H*ﬁ((:hiang £ 2023 ;Zheng &5 2023a) .

e, BT X E 55 (IS IS ) L
FEERA T ORI BRE L 1 2 LSS 5 DA 25
o FufE A (2025) MUK GPT-40 5 ESC-Rank AE
2 (Zhao %5, 2024) BEAT A S PE2Y , 38 51 AN A 24l
X iE AR AR R 2 REE W B 5 B 2R
N $351E ) IF45 5 P 2 il B B TR 228
2 it 3 (Clark 55, 1998) 5 48 5 fi J) 31 2 it
(Jones 45 ,2004) , 1T 4= T PEAl 2R G 7 15 26 S F5 4
S R TIATRE

TEAT AT B2 D, DA T e 1) RG89 AT
e e Berat” HBA hRENE . T E S is
TEAEAAAE 26 BV (g ) il 55 1%
GEERf e LG o Yamasaki 25 A (2025) A AR

IR ARFE b R AR VEAD (Is-in) | % WA [7] (macro-
Recall) 540043 [7] (micro-Recall) , LA BT 7 17 Hb 7 5
WSS N PREZ RN E R A, Lu %
(2025 ) 38 33 Y11 2552 Jah 455 AU R A ADLFH P % < A1 55 3
T M LB, S IR S B AT o A B Y v B v
Ak .

(EAF B A, — e TR bR 2 ki ) 3=
SR E R AR . BN, Hu 55 A (2025) 78
PsyAdvisor H1 4 H 5 1% VT BL 3 (strategy fit ratio, SFR)
5 F 53R 182 (proactive questioning ratio, PQR) : SFR
IAE R GER M5 | & F P B RS AT ),
A S BhAT A B SE PR s PQR W Gt i 3 B 42 1) 46 fiF
AARBEH , F DU R R R IR RS E R
M. X IS HR AR K T AN AR RO R 3 )
CEREAR R T IR BLS TE K T RE R
W

5 ULEFR A TG B AR L, LU P R
T AR A X PR A B F TR
LR RGN B AT 55 58 B, T2 RO Ak
INFIGUT I8 28 SCRERISGB B A . X R &
P = 2 PN A A T BT 0 T < i Rl A AT 55 i A
AR AE AR SR RS TAE RS s, 5 H
A B ISR MR SR ERI R Y
P, G — IR B R, I E Sh o
() N T AR U A 3 F2 80, A AR5 U as S
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2 H A7 22 0] )P R e A
1.3 AFHMG

A1 1S L2 AT OB Y R E B 1
255 SRR B AL HARAS TR - LA H AR p oL i 5
B 48 B 5T 55 A S B AR K, P ILAE Goal
Succ. \SR@t 5 #Turns 4855 L AL UH P R
LT IE R SR T AT M S RIS R
I 7E NASA TLX . SFR.PQR L) KA EALAH SEF8 4R |
T BB . RO P g sl SCH
i AR ARAS J0 25 S 6 T R R IR 55 T 5%
HEER &S R Y. MGE FHILAE |, 24 H bRiE i
AT IOE HL A2 B A o] s AR, H AR S 1) vk 5 EL A
SENE s Y PR Bk e ot i R SR
(R P S A EA R X — ik
W, B ] F2 sl I a7 B P 2 A B ) 8, T (B 26 0
XHHR EDT A —ETERES

2 WFEED

Wt e =30 (temporal proactivity ) ¥§ ¥ 1 R 4L 7E TG
B P O AR R, BT ] R S PR
WG RBEE, B 3 PE T AR Y 6E
J1o EFFAEIRSL I TR] g e , T — A B 2
— IR i A HEES A B R R L & = A
B IAZ RS < B BIL TN | SR Rl -5 137 2 i

7 SR 2, I 3 AR X H AR
R R 55 AR R AL S B E A R IX
WTET RGN — H bR 2 T A R
fii RTATHNA” , WAL e “ wIMpA~ i SCH bR
HEHE” . PRI, SRR R R B 1 s S v
P AR Ry 3 P AR 5 Y D7 v, BT[] B 635 W
H AR @ A5 3 A ¥ 375 . 40, ProVox
(Grannen 5% ,2025) BAR AL & FH P 2 I 5 0 g A6
B F B M F 2R o B T4t — 2P
PR, AR T X H bRk $, PRI AR 7
F .

2.1 BTN

EPAIL TN 15 75 AR P AL T AT A AL
B PSS 2] . — 7T, T I P R T
R B A R I 5, A e (B8R s 5 —r
f] , o ZR e Lm0, ] BE R P I T 5 A

W TR T AR AT L S R R PR, K
PHE P ERE AL 00 5 75 T T {55 v e A 22 ] A 5l
VAT, I e BEARSONT T P 2 H I BE AR St
B ER G R
2.1.1 BB ELA

TEE RS R Ge LTI 2 S B 25T i
A% 0o YT, R BRI R T 6F N AL A2 H Bl A
LR TR 23R . WL S B IR T 17 (gold-
ilocks time window ; Fang 55 , 2025b) #E & 45 78 1 1 i
I AL B 2 i R e B2 1 Al B 7 2 (false
positive rate) , 5 AN W ZE A H T 5 T AT 0 0] 25 i
IR FRLEE i P ek M i AR AR By o AR 7 A
}Ei/b\(cognitive load theory ; Sweller,2011 )k — 2
it VS R R RN S A ) EDRN RN
SR T R AZ B

AR B 0

© RN ‘ \ ® #BHAA
0 ) fpisteast ‘ © LRl ) PRI
e W S, @) N R iR, ks
[ N | sk, HWOR, AgenthHth
Agent B it [o1 ¥ .
A T
02 ST R AR

HAR HE0E M Wi
L o I grrm

00
HE i i) 172

K5 B ama) e
Fig. 5 Goldilocks time window

2.1.2 BAHA

2 P BIL TN A9 S B R AN 2 2R BT RE A5 A S
Bl Y2, T2 B A0 feg S W B A S B IR AE AN
Z T AR T A A AT TP i i A AL
SRR T A T T SR A5 R i 3 SR A0
D) ook e, AR 7 LS BRI v AR SRR AT A
FIINF )20, PRI, BRAT 7 v 2 8 I AL S0 I
2 G I e 1) o TS 2 - DRI BSOS AR

EgoSoD fY it} & s 2R 2 A & WA T+ #UF3F
KN IR TR RGO A28 . Wang 45
A\ (2025b) % F EgoSocial $2 Hi 3= 8l 4t 38 K6 I 77 3%
EgoSoD (egoSocial detect) , ¥ 38 H. 375 i $2n 5
TR N R B A A B R e A e, U P o
OB T UL 32 P A BN 20 N o HAZ O T 48 0
AL & — I ] i 72 T 2 05 fE 2 RAE
PRSI F PeE ry o AR 7 O = 2
BESHACHRTE , 15 5 502 A5 38 8 A4 =
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S LA

AL 2
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% A“Z?”";;ZW AR A AT R A
i BN A s
- AR 6k o T
bR EATE A LR A RIS
‘)) “ORTIRE TR BT
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] |Q 0

K6 ProMemAssist TARWFEIA] (a) ZHBSHA BEFITGE) 5 (b) TARICIZARL; (o) B AR IS 5 (d) IF I FEI 45 5 (o) HAT R
TEIA B AR K DL 32 3 T A B A 7 A TR 5 100 (O B AR AT S AT BE S Wit b B, DAL FJS A, sl R 57

Fig. 6 ProMemAssist workflow. (a)multimodal sensor input(visual and auditory) ; (b)working memory model ; (¢ )assistance genera-

tor; (d)the timing predictor; (e )messages with high predicted utility are delivered as proactive voice assistance ; while(f)lower-utility

messages may be deferred for later evaluation or discarded.

A [ ER A P IETEAR AT 55 RGEAVA I
W W B £ 5, ProMemAssist (Pu 45,2025 ) ff {&
A TAEIC4Z (working memory, WM ) £ 7 3 45 31 B
FEVESS AN " o & 6 fis , Bl £
R AT A 2 TP WM A SERARAS 4 PR 45 L
23 ) 5 T E CAC I GRS A 1 1 2R, PR NP4 3
BB -5 W sAs , A I g 2 8 v i A
PEoR o XFEMAR T T AGEREME (HARH S AR
2 AR X SR o AR AR - 2 B, — ELA
223 K, R GE o id BEORSY Bt FE AT I8

75— R TARER A T R G s b N A
. Liu%F A (2025) # H Inner Thoughts #EZ42 , i1
FHXIE AIEATF AL MZ AN I ATIB AT — 2R BRI
47 )l R BRI S S 2 5T
B BeRr g A O N TE S AL, RAER RSP
USRI PERE R o HAWZE 18 ALk A N &R 5
BUBGEA 1T RSN A — HH B 7 B e 1o 5 A0 D)
R REER, H RSl LA B Mk LML S

20 [1a) R [ (S AR e S U S S, P
JF b FE B ATL TR0 AR A w7 0 25 L nT I Y ik ST RE .
TIMELYCHAT (Jang %5, 2025 ) B3R A% At 3 15100 56
B T 8 0 T DIV vl 1K /N 1B S T
Dispider(Qian % ,2025) | /B HT P 36 F1 S 4 B
(%) S 2 A 22 figp WG B2 S T2 o T, SR A A 3K
[ 42 " {4 WP 2€ 5 Proactive VideoQA (Wang 55 , 2025d) i
— 5 3# 1 PAUC (proactive area under curve ) i 4k I
LI AIL S N 7 B RS OR o BT3B,
BLITTI A 2 AN AR B SEHE Y 4328 4 , I AR 1T 24
H bR ARG FIITAG DR S ] Bt AU 2 &
R/ o RIS S U R D32

553X R B I PN 5 U5 i B
ProAgentBench (Tang 55 , 2026 ) 1 =& a1 4 B i X4
SRy B BIL I + 5 Bl N 25 A 1 P AS )2, IR 500
A /NEF SR P 2 E A E 28, 000 4% F 41
benchmark , Ui B B HLITGI € 28 A8 P B ) o7 A6 ol
RS A, TR A0 R T ik 7 b A B AL R D A R
PR o X2 LS TAR A ME 1Y 37 e W P sy Ty
AR T B, AR AU X R A2 RN T SO A T
U
2.1.3  SCHEHkAK

S TS PE A T T WA R (H
BLITTIAE Ry — A% O FRTT AT I 6 7 ™ DR 1Y (A
HOCHR PRI . X PR R T AE TR P A SR
ZACEE ZAZ T il 2938 B ) 3E— 28 A S RS B
N

PR E T EHE AR R R AS 5 R e
A AL 00 5 2 A 2 X e A A A 221 ik — 4 L Aiid
H F WA S IR, 3% 28 o A N 2 00 R
PRIME o Ar i e TR 20 B AR XI5 Y R 3C 438 8
AL TR AR | 3 (45 R A SR I
BT e — B Y A R 28 15 5 F IR ME (Zhang
85,2025¢) o A B ST i A R ok 2 i
X — R, (A A SO A A X DA o 4 0 L LS
NS TR AN R R R AN 2 ) B R A 5

YR, 2 80U o A ST AR 8 — H T HE ) PEAG AR
HE o AT RR 27 Hb i AL “BPHLIA 247, 2 — A i A i
P FFRCVER L, (B4 H ARIE 5 A s , Q0 IR =K
J 5 BLEU . BERTScore 73 %4 , 5¢ 4 JC 1L Fi $2E B B ik
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LRI B, = 2N BRI REAL L, S
BOAS [RIFFE 2 18] B 1 BB X H TR X, Al (o A5 A R4 £k
(77 o] AN 6% WA o O R B O B 2 Y VT H AR 1
——F RS CAns B L FAR B ARR AR )l F AR
1T LA B HME DLRLEEAR ) N ZEPPA ik k2P
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Table 3 Representative LLM support roles and disclosure status
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