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Abstract: Data visualization, as a fundamental technology supporting human cognition and data-driven scientific reason-
ing, is undergoing a profound shift driven by the rapid development of large-scale models and is attracting widespread atten-
tion from the academia and industry. For decades, traditional visualization approaches have mainly relied on manually or
automatically designed visual encoding rules, graphical grammars, and human-computer interaction techniques. Through
explicit visual mappings, graphical composition, and interface operations, these methods enable users to observe patterns,
understand structures, and communicate insights from data. However, with the continuous growth of data size, task com-
plexity, and decision-making contexts, statistical visual mappings and parameter-driven interaction are increasingly insuffi-
cient to support modern analytical needs. Instead, users now demand more than visual presentation alone ; they require sys-
tems capable of semantic understanding, task-driven reasoning, and cross-modal information integration. The emergence

has

of large models particularly large language models, vision-language foundation models, and intelligent agents
introduced unprecedented technological momentum to the visualization field. These models are not only transforming how
visualizations are generated and interacted with but also reshaping the theoretical foundations, analytical workflows, and
narrative practices of data visualization. Their strong capabilities in semantic representation, abstraction, and reasoning
enable visualization systems to move beyond surface-level depiction toward deeper support for analytical intent and knowl-
edge construction. From a theoretical perspective, visualization research has long been grounded in the Grammar of Graph-
ics and declarative specification languages, which provide highly abstract and formalized descriptions of graphical struc-
tures, data mappings, and interaction logic. The introduction of large models does not replace this; instead, it reinforces
its importance. Declarative grammars increasingly function as an interpretable “intermediate language” between natural-
language intent and executable visual representations, enabling large models to translate high-level analytical goals reliably
into controlled, consistent visualization specifications. This mediation is critical for ensuring the interpretability, reproduc-
ibility, and controllability of automatically generated visualizations. Moreover, the semantic reasoning capabilities of large
models allow them to infer the underlying intent and logic behind visual layouts, color encodings, and spatial structures,
and pushes visualization research from low-level perceptual encoding toward semantic-driven visual understanding and
intent modeling. At the same time, techniques such as differentiable rendering, neural implicit representations, and
Gaussian splatting provide new frameworks for high-fidelity scientific rendering, continuous data representation, and opti-
mization in parameterized spaces. These methods enable visualization systems to become differentiable, learnable, and
optimizable, and allows tighter integration between visual representation, computational models, and analytical objectives.
As a result, visualization is increasingly situated within richer signal and representation spaces, supporting adaptive,
expressive, and controllable visual analysis. Beyond theoretical advances, large models are fundamentally changing how
users collaborate with visualization systems. Traditionally, effective visualization required users to master visualization
grammars, tool-specific operations, and data processing workflows. By contrast, large-model-driven systems allow users to
express analytical goals, design preferences, and data-related questions directly through natural language. The system can
then interpret user intent, generate appropriate visualizations, restructure data views, or optimize visual encodings accord-
ingly. This fusion of model-based semantic knowledge with formal visualization representations forms the foundation of a
new generation of intelligent visualization systems. At the level of visual analytics, large models and agents are driving a
transition from human-centered interaction toward a hybrid collaborative paradigm involving humans, agents, and knowl-
edge. Early machine-learning-for-visualization research primarily focused on addressing isolated subtasks, such as view
recommendation, feature detection, or layout optimization. By contrast, visualization frameworks based on large language
models (LLMs) leverage unified semantic understanding across tasks and modalities to support end-to-end analytical pipe-
lines. These systems can assist with visualization generation, pattern discovery, and reasoning-based explanation, and
enable more holistic support for complex analytical processes. As human-machine collaboration evolves from simple ques-
tion answering toward knowledge generation, large models increasingly function as proactive cognitive collaborators rather
than passive assistants. They can produce trend interpretations, support hypothesis testing, and summarize underlying
mechanisms while continuously modeling user behavior, analytical state, and task context. This approach enables a shift
from reactive assistance to mixed-initiative collaboration, where systems actively guide users through complex, dynamic,

and uncertain analytical environments, augmenting human reasoning and sensemaking capabilities. In the domain of narra-
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tive visualization, large models mark the beginning of a new era of intelligent content generation. Traditional narrative visu-
alization requires expertise in design, storytelling, writing, and programming, which makes producing high-quality narra-
tives costly and time consuming. Large models significantly lower this barrier by automatically identifying data themes,
extracting salient trends, constructing narrative structures, and integrating visual, textual, and multimodal elements into
coherent, stylistically consistent narratives. This capability substantially improves efficiency and accessibility and enables
end-to-end automation from data to story in applications such as data journalism, educational visualization, science commu-
nication, and business reporting. With the maturation of multimodal generation technologies, narrative processes can fur-
ther incorporate natural-language interaction, dynamically adapt narrative perspectives, and tailor content to audiences
with different backgrounds and goals. In visualization evaluation, large models demonstrate promising potential due to their
understanding of visual aesthetics, layout quality, perceptual principles, and readability. They can automatically assess
visualization quality, detect misleading encodings, propose design improvements, and generate multiple design alterna-
tives for comparison. However, model-based visual judgment is not inherently equivalent to human perception, a situation
raising critical research challenges. Ensuring alignment between model assessments and human visual cognition, mitigat-
ing hallucinations and biases, and improving transparency, reliability, and interpretability remain central issues in large-
model-driven visualization research. To organize the rapidly evolving landscape of large-model-powered data visualization
systematically, this paper presents a comprehensive survey from four perspectives: visualization fundamentals, visual ana-
lytics, narrative visualization, and visualization evaluation. This paper reviews representative research advances in each
area, analyzes emerging technologies enabled by large models, and discusses key challenges and future research direc-
tions. By providing a structured knowledge map and theoretical framework, this survey aims to support future innovation in
intelligent visualization systems and contribute to the development of data visualization as a critical bridge between human
intelligence and artificial intelligence in the era of large models.

Key words: fundamental theories of visualization; visualization interaction; visual analytics; visual storytelling; large lan-

guage models; agents
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using the mantle temperature dataset (Ai et al. , 2026)
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RMEHEAT T 43250 R T RlG S AR, Coelho 45 A
(2024 ) FIFH 1) 1) 52t AR BT 25 1 G SCI) G it
FHNFR PGS T & SR G S W] RO
A HTHEE T LT 5. Bl LLM A9 1 38, Podo
N 2024) 2 H T B AT LLM (19 il b 472 R
Gy, WA TR A A EE I I BE 5 Ceballos 25 A
(2025) V)3 3k LLM AR 98 B4l 26 280 A sh#E e fcid &
ATAALIEDE . ZE5 15 F P AT T A B i g5 s 1o
Jianu 55 A (2025) 48 o3 A 7 05 3k B o3 pr i 7 T
PRAY 7 125 46 LA 9 S B8 LR e, il B P B
BARREE . AN, Alexander 25 A (2024) #] ] GPT-4
R W R A0 Ak rf Y B E R S N2, T Stokes 45 A
(2026 ) A4 S HE AL B A SCAS TC R AL SR T I D RE L >
B bt =%,

NS Agent PrI] TAE L2 10, BF 58 4% 0> ] 8
JEANAT 43 E 45 AL L K L GBI IR) T AR, i 3 DL B
[F]— [ 18 N HE 42 (Sperrle 45, 2021) F1 LA R A0 (1
N T2 HE P& (Elmqvist A1 Klokmose, 2025) 4 #8 5
J U], S gerh , BRIR] A TR 2 58 4 1 Bl A i i 2] o 2R
45 (40 Dibia, 2023) R A E BN . A H W
() ABC K LLM i A G B A, S8 FH P X 38 40 3t
FEFEATAE 2, 1 T 7 5B 20 BT 438 N 25 (Wolter 45
2025) . Agent & 8l & #e 28 B 22 T PR R AR G
0 Choi 55 N (2024) 1Y 72 Ge A6 % W w41

A 8 LA I 1] 31, Takahira F1 Ueno (2025) Wl £¢ 52
Rf 3080 T8 7 1 AT A A 35 v 0 B 8030 0 52 ARRRALE
P RO S HERE R FTRAE  2E o X T AT AL
Wy (KT A AL R S Yan 458 N (2025) [ 3R ER 53 i
NAYERE, AL A AR B A B R
TEAN . AR PZAEAH AN, RGEAREH]
FHE KPR 2R E il 52 5 AT A AL S (Schnizer
Fll Mayer,2025) .

15 Agent-Agent Pp[EJE A, [E RO 7E RAE L
RE K R g8 e & A i f2 A sh Ak b A9 B2 AT . LIDA
(Dibia, 2023 )R 812 Az iU AR 5 700 4 Rk (Fii 22
i HFR IR & T AR i an AR B RIER AR ), d i
Agent [8] Y RSt IR ACHLAI B2 TR iUBT it . SEED
4t (Chen 5% ,2024¢) 51T T AL #% Agent, Al N Z A4~
il Bl LLM 55 B v i 58 R 240 5 foe AR 000 A8 A 0
Goswami 35 A (2025) £ tH Z B S WA HESE | 045 #1
K Agent 5 3/ 15t Agent (B IAlE A9 ) , 18 4
A3 SER WL R A . Berger il Liu(2024) |
Pan 55 A (2025)#F— 256 LLM/VLM JH T4 i A v
R i NN /L WiV @ = 0 G /N | TN = R
LLM Agent i nJ #4628 FRAT5 A7 B, AR il B 3R 12K
JERB T & b i AN BE5E 4 5 AN ZRIL L (Ford 55,
2024; Wang 55 ,2025¢) o WF5E & 22 ilil id “ Uil —2
Az B Agent AE T (Podo 5 ,2024) o 7EIR %8 4:
BURIAL B B , 22 Agent 2244 1 5 T AR R K 2
PLE AU 52 B A (Wolter 55, 2025) o

Agent-External [} [f] 5= A 5% ¢ 7 S0 1 Al
T H AR, DA SE i LLM £ 5 P O 22 F1 450 60 R
Btz LA RRR . Shin 55 A (2025) J&7R 1 F 80 AR
WOk it 58 s B R TR i e 2k
AT AAEAESS o Biswas %6 A (2025) ) VizGenie R 48 1E
SAALSF I EE T, Al gl 25 A4 mORT Y AT Ak A (i
VTK Python f{65) I o485 i 0] R 56, 2 i 38 7 1 o
Borisov 55 A (2023) 34 F [8] ) A= Ji LLM SR A i
FLL AR , B IR R P S H

SRR E PRI R, R RLTE rT AL D3 [F]
TR IE R 3 AN 1) NS Agent DR IEFE M) £
B TN S AV N E BT IV (< Rs i v e 5 L =1 8
TR P R PR A R 22 A2 5 2) Agent-Agent R[]
i 28 REIR Iy T Rt H BRI LG Ak A n
TR, 2 i I e AR BT AT S 5 3) Agent-External
I [0 308 3 R SR B i L TR e e L S A Y
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E=iE, B, RERA, ERE, BF, B8, 9%, TKK, KA

AAEBIRBE R AT AL S AT AL T Af SRR3R

SR AR GEIE N, AL RO TR S L RO
& RET5 1] Al BEALAG S PEALEIMA] | F 3 W A2 H. i 3 Sy
AR A DA R Z2 B R R, X8 i — 2D e Bl
Kot T AL TERL A OE ST RO 2 B AR 55 b
N FHRA RN B AL A
1.3 KREZBERTRILME

TES ARG, KB )2 Tl A AU, TE K
A s AT A A AR R OGBS 1, R I TE A
AR EE AL 5 A R SOAR XU RE ) 1 L TE
B LSRR A 5 T, KA AL RR O B T XU 390
T OGP B L, A ShFONDF 35 GRS, A
ARG R BB AAESR SRR . B RERS AT AR
3 FR ) HACHRE IR UL 2Rk R SR A 2 sk s 1 i
F 4k (Aodeng % ,2025) . filan, F i B K5
AT BERs GPT-4 18 0y “Eedla o3 A Uil 3 iod 4 =R
YEPLR BN, 1 P AL 22 50 8E 5L ER R 2 R
JUEE TR AR N A, AR R B2 51 2518 . H
UK, AR SCAS A j 7 T, AR AL RE A TE AN =R 22 <7
J v BT AR A S SO LR S AR | R T it
U5 AT DLYG SR A5 B A% I8 1Y o8 B 1k 5 R
DA B AR B OGBS 2, I A AR
A 1 FR 5 15 B SC S (Srinivasan 45, 2025 ; Islam
45,2024) . U0, Tableau S MIT A 5% [41 BA () Pluto
(Srinivasan %, 2025) R IR A 3 8h X1, FIAH K
TS BB Ry UL AR R SO R R RS
L 3 N e S S PR S ¥ 2 € 3 o K X N
FALE— 2P e ST AL e S8 BB AU R RE ) o k2
CEAENVER S 2 Y SN 2 8 s SNV E R S
BLERIG , JE a2 0% 51 1R SC— B LR it . BT
FAVE BT ORI FE A BB ) T — b 2 3 BE AR HE 22
(Tslam 55, 2024) , 38 5 P48 E A 7 0 AL 2L
53 AR A A SRR RIS TR PR T 5T
RN G BORNES G E LT — L AT BT A,
T IR 58 A AR . BRI 7, KBS R AE B 2%
RREARRA BT TR Ay 1] B, B i R = 32 8 1) i B
—H, B ERTERBHCR S A E R

TE7 M S B E SR AT K ASE AL B B iy AT 4
PR BRI 52 . BT, Open Al HY GPT-4
B R VF 2 8080 0 A 5 T AL TR A0
% 6B GPT-4 BYACAS A= i 43 g 7, T AT LA
FH A RIE S B 3 BUEHE nl Ak, T4 2R B 1 23
MRt . X —FL BB % K Bl(business inteligence )

FE TR AN %K Power BI Y Copilot S RF7E R N
WA ) A R B 22 5 EDE |, I 1 ) o1 4
FARHE 5 F R4 A B 1L B T 52024 4F |, Tableau
# 4 Tableau Puls, 58 38 “ A~ PE AL 48 A5+ B 2R 15 5 T
Z87 1 H E ARk s Qlik Az a2 5 OG5 | 48
i, FAT AL + AESSL T G — R 5T E
W Xy i ) S [R5 AABA e T+ 20R i Sl
511 sl T AR

1.4 FIHRALITA,

AT AR A A Sk T 00 Ak 40 35 ) 7 2 4 A A
gt I BRI RS 5B R G A s,
TR G 5t HEAEROR: AT 55 58 WU LA S
2 HARK S5 bR (Savva 46, 20115 Lee 55 ,2021) . i
AKRBERIBHSE PP AR R R 24 R A 3
AL (Maddigan 1 Susnjak , 2023 ; Koh 5, 2025)
TR R R A IR IE , 2 A B X 57 (Han
452024 ; Zadeh 25, 2024) B AR5 VB 5 R K
Yo 2 8] — BorE 2 8 BE R D 1 AE 4R (LD AR
2025a) il 1T AT 55 43 i B T2 24 nT AR AT 55 1 T 4
P i R A N TR b L S W NP B e & ]
e U AL 2 A A (Coelho 55,2024 ) 5 254K
HEZE (Zadeh 55 ,2024) , {2 3F T M REHERR M 17 25 &
PERE SN LG BE MR AR o B XTLSE 3BT b ) R
134 B, Ceneda 258 A (2024) 45 H T —F gl 4 WU E
TR GRE M P RIAL %, B e A 2h A B
A AALEME A 0 ) A DracoGPT(Wang &
2025¢) FH LLM M\ [ SR 18 5 v 46 BT Ak 3% 11D
U W FEE AL A TR A B B 2 o0, ST XA il
RAEFER H Bk

B T & WA IEAN R bR, B A IR DEAG T 46 O
AR N X PN A R 2 S, Wall 55 A
(2024) 2 H A9 (54T B S BRIE F8 78 1 A iR 1w P i
P 2 1 0] B 5 2R 7 X Al (artificial intelligence)
FEEE BAG AT o BB, SR T A R G AU
FH P A5 AT B o A6 DA AN 22 2 16, Stokes 58 A
(2026) FIBIFFE 48 i, 2B BRI b AR Bl Y SO TR 2
i 2 A 9 R P O B 1 SRR e 2, R A T )
Wro b1 BUE AL A 2 e A4S AN E W,
Wang 55 A (2025d) #R35 T AMLXS 55 18] @1, 38 5o % kb
ANEMNE L PR Z5E S LLM BB ZS R, s
Az R AR R 15 L IE B BN (e 2R 3K, TR AN
JEGTHER LS .
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BE Ak, PR B A 20 5 R T ALAR DA 1A% 0 O
Ti] , FH A5 AR G2 04 [ 3R A5 AR TR Jie 31 45 iy A8
SRS S5 FI 02 2838 IR, SRS KA R U A
WF 5% B A0 45 K 2 —JSON (Yan %5 ,2024) | B F—
Python 7 #iL(Chen 2, 2024a) DA M fill & 4% A0HD 5
JSON HYIBEA R 55 (Xu 45 ,2026) , 4 THE A2 1k
(FIA I A & g s B N I 1 B 1 e 8 e
BERR T 52 PPAHE SR (Xu 55, 2024) T R
FERAH TG (Xia 55,2025 ) LK I ] HLSE A 2 1
HEFRAT 55 (Wang 55 ,2024b ) , 1k 50 [ 3 PR gk S 06 25
55 UE 3 ) ELSIE R H

SORE  E PR SR, nTIALIEAS IE A
B — MEBR R TEAL ] 2 LR AT S IR S ZR AT IR
FE WA 50 B TR A — B S RSE U
SRR REUMERE ) bRl AT R G E R ek
SRS T — A E

2 EAMRER

2.1 FILEBISER

] P A 5 I AT Bt b 28 3R SR A 1 I 3
PRI OB 45 S SRR PRt T BB R . ot
FE N BT X I AR B AR AE |, SR FH IR 2848 A R
(] B [0] 26 0 4 28 3R G — Rl 5 B R — D 2, 1) Asf
AR HA v Y A AR A R AR 4% (Han 55, 2024) ;
P& AR SR, 38 2k X 18 50 3 o3 i e e o S i A T
J& 45 ab PR A ZCHR JE T % 46 P g (Han F1 Yang,
2025) 5 HE T F W B2 ST AL R mT Ak LG b iy
& 55 HRE B, DL T WAL R A0 B B (Liu 55,
2026) ; W Gt i — 2 i i 25 A8 A TR & & X
ARSI T BE AR Y )50 43 FE AR UE B Y [
— AL T s R R (Han %5, 2026) .

FER] M id 7T, I NBF R 28D TR RIE S
BARYG | AT SCIR B (0, 5 R 5t . TE e gt
B T W5 A B R T AR A P
St EE L IF A A B T SR
BN, Hou 55 A (2024) # # T JF K 5 B 2
RV R GE, BE AR I8 F P fif AR A= iU 618 L5 K
K& BIBC A T 58, I aE — 200 20 € e S5 21 EL A 11 25 [
s EIFRITE H, DI SIS SCEI G 4 i 1Y 22 2
IS 5 12 1A BAE — 20 2 H0 58 T A e 28 iy i SL—
P OCIR 2 ST HE SR BB A% A B 70 B A ) i SCHE A& %)

7 B B €0 73 A1 (Hou 45,2025 ) 5 4, Shi 25 A (2024)
PR T H ARG S W EIRBC ATk, ALl
FH P BE A% 38 o 47l A 1 A o R e A T i R B
IR T IR

WL W A 082 1A B H A 2 1 ] e e 1Y)
iy pRECR T 7 95 (Pan 55,2024 ) | 3 5 #8284 il R
B AR T2 (AT SR 28 B MG G i A P
FE A% T LU0 b 5 B T 2 A2 i R B8 1Y) 5 AR e o
JRUE H TR R A a] A4 5 O 1 BT — s A L R
FEALE SRR AT B — Bt 5 NI X 5 4
ATk = R GE PRI, i AR R T S5 R SR 1Y)
OISR R

2 T R A AT S T R Gk,
Horp BE A4 75 B 5X0E 1% 2 0 2R RE 4T
5 ORI 5 R Bl B RAS R A i P 28 . e T A
A HLVE I 5 1, GoTree (Li %5 ,2020b ) 18 iz fif# A4
] IAL A JRy i B o LA 1 LA 56 R A A e
2 R PiCCL (pictorial chart composition lan-
guage) (Kuang 55 ,2025) i i 5| A 4 20 5 BRAERT
2l T DR KRBT 25 (b SEUb R T . 7RIt
SEhh I, B AR AR B 24, FARIE 9Kl 1 &
Ferk iAE S & R . Tian %8 A (2025a) 32 M 3 T
155 it 0 A ISR M T 3R 2 Il A A i 7 32
K v 5 g i 5 11 55, JF 3T FLAN-TS 52
BT T A ARE T B B R Han 45
A (2023b) 1 & ) ChartLlama A AT $8 Ak 45 88 %035
T 22 TR e A 55 A AT 55 rh R 5 Li BN
(2025d) BE— 51 % 1 AR5 5 A 1) e LA 7 e 5 )
AT A RS O B, B T R ST
Prompt4Vis HEZL , 7£ NVBench Z(4i4E I35 21|40 /554
S BEAN, B P2 E AW 55 ] 4K E I (Hao 55
2024) | B R 9K S AIE (Xie 55, 2025) KU AR
A AAE (Shao 55, 2025h ) 45 T B AT IAS T 281 , []
I A, 7 BRI 2 R AU ARE 3 v (Hu %5, 2024 5 Niu 55,
2025) AR EE TAE . VAT, MRS B B 31 R A
RVBR B A Wl Z2 B RilG , 1 11 3R A 1 A AR
SR H s B R ) DI SR A B RE AR
T, R FARE S BT AR R R A sl ke
FE T EEIEA

FE AT A A2 7 I, B N B T R AR RS T R
HERE . EBRE B RIS 5 A AT & B8
P gy % (L 4%, 20250) 5280 T 3l sl HE PR E IR R
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E=iE, B, RERA, ERE, BF, B8, 9%, TKK, KA

AAEBIRBE R AT AL S AT AL T Af SRR3R

I R X I, I A A 0 £ ol A 7 ) A 400 435
RESHEE , RIEET TR R R 22 BAR
B o r Ll 2 B ) R A2 AT BRI 1 ok o 5 A
AU AR N F b vl B Ak 4, 38 ) 561 A SR
T A A AT AR Ty 2 (Li 5§, 2025¢) , 38 o0
FUHE A A A B R L S T T Ak R
B Ak i 5 32 A BA S E— 25 ) FH RO 5 B R AR )
SRR TE RAE  FEEHTH N TARER ST, S
T HETFE LA R S R IEVE L (Zhang Fl Tao, 2026 ) Fl
WA 356 #% (Zhao I Tao, 2026) . 7E A ¥LALAE H.iE 1%
JZ1AT, Nebula( Chen %5, 2022) Jy % 4L D8 42 T 45
ISy e B S, S T 32 B R S L R Y
WK fRRE, W 4L BN R G AR IR B T Hp 5L
fi o Libra(Zhao %5 ,2025a) M54 0 1 1 B2 1 %
P2 Y RE A [R] s 3 J 22 T A0 T T SR AU AE S, I LA
AL S S R B A B R A e A 5T
Ffe. SR, B 28 BB AT E 2O T8 20
X, AER IR Z 5 B AL R 0 22 58 B 5 10 A 7E
JriBR

SR, BN AT AR 43R oR B
SR T RS T AL LA K 75 B U E 5 S 22
IR T b ELAR (o 1 nT AL BRE A B FET 4E
AT R AR R 295 T IR S LA
2.2 KIEBIRBERT 547

] PN A KBTI RE ] 06 B[] AT 450888 ) BF 5
S T A JR A A e, TR A s B v A R 43 T AE
A0 PR R M 58 DL R AR R S AR FH
1B SR B BTG 71 . BN SR IR IRE R
BT AT A0 50 BT AR L8 Wi VTR 2 AR A AT B
Y ChartGPT(Tian 45 ,2025a) 552 B R~ L 1]
BAF H 8 LEVA (Zhao %5 ,2025¢) .

TEN Agent Pp [FIWF 52 J7 1, Bifi 45 K i 75 A 7Y
()24 , I B A 7 1) il 2 B T A I o 3
RASH BRI P B xS 2 RO 53
TS5, &2 H K 2E e B A BRI T 28 5 20T 55 4
fif MG (Qiu 55, 2025) , T 7 VTR 2% AR G A" AT A RN A
W R (M) A 4 AT AU Fe /e P A A 148
WA AR A0 SR A rh [l g s, DA A R O 42
HEEF % 3 % (Tian %5 , 2025b; Shuai 45 ,2026) . Li
85N (2025e) FEN ST A AT AR 55 1“2 Ja 3l B B, &
g am ot 5 sh A& a2 B B P AR B H A I 3
FrRIR S 7 S0 5 AR R B T i1 . 28

AR B R ORI ST T B R R AR
Ao Xie 45 A (2026) 325 I 7 42 {1 SVG (scalable
vector graphics ) W HALAE Ry “7n 101]” HEAT IR RE FME L,
Wen 25 A (2025) Fl Lin 55 A (2024) 51 A T 42 % 75 51
PR B R A A N G 2 RS S s VR D SO b
Foo Wang 55 A (2025a) ¥ SCAHE /R 585 8 19 GUI
(graphical user interface) 3¢ H. #l 45 &, Zhao 55 A\
(2026) i 1 3= 3 i 45 17 8 45 E R SCHEWT K S8
. Shen 45 A (2026) i — 0 X Fil 20 5 I 046
“ALH IR R B T TG R R TR E
FlE= v

FE Agent [n] A A% 3K 5 1H , by 52 58 G- ) AT fit e
PRI 2 P, Wang 258 A (2024a) $244E T 3 F 4056 9K
SAIR SO S 1 AT RN R 48 . Li 58 A (2023)
H LSTM (long short-term memory ) B #E H 2 22 H.
FALSEARZS , BT 0 P S 2 AL S ity 22 B A
Wo Xie A5 A (2024b) R 3R AL ~7 A HOA 1 5E4F
B R B TSRO P st A T A
o TEHER RALAA A DT SR B, 52 B R BR I
W AT BA 32 ) ProactiveV A , il 1 JE B M 78 IR A 45815
T RS B 7 2 S T — s —
Froh” =Br Bt A FACHHER (Zhao 25 ,2026) o Cai 7F
N (2025) FE2E 0 BT Bk F A7 nl A4S B T P
PR AR S A AR | DU 2 IR A i S 1 28
KF o WITLIR 2 Wy AT BAE 3 vl L 73 B R 48 Con-
ceptViz 4 F 5 Zit B 2 (14 7 25 1] 55 N B A e
ST ATRLCHR ] P RE S AL B UK B R RET SR UE R
BRI S, RGN 3 Fm (Li S, 2026)

TE Agent 5 A WA TR 3 77 1, [ Y F9E 5 50
F AL o O RIPLS] . AR R e

QSAE%" 5
. R e

Q #lisls
DA oy

K3 ConceptViz 240 A1 (Li %5, 2026)
Fig. 3 The interface of the ConceptViz system
(Lietal., 2026)
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A6 B BAAR 1) PyG Walker V50 )7 32 W0 A4 52 48
RSB AU T FET B Tl (Yu 5
2024) ., BEE M FITRA , Agent 20 B it 72 4 355 I Ak F1
AP A ST T A o [R5 R 7 A 1A BA 3 3 5
75 25 BB 2 B R B AR AL (Guo 55
2026) , Xie 5 A (2024a) ¥ LLM £ LA RS 7% 486 4y 52
HI B AL TR R SRR P AR 50 A
BHRERAE . TE P T RE B I & B B TR AR 21 5 4
e 2 B 2 0. Chen %5 A(2020) 38 HY 2 2%
Gy HT A R EE A R A IR R B T 54 AR R
L, Chen 25 A (2024b) REGE RS T 6 Mt nl #LALZE
RURT 4% A SR ZON R BIE T H . Li%e A (2025¢)
WA BT MBS N + ALEF 70 ALB 1
B+ NKIFLE 7 GBS 5 A8 | Zhao B A
(2025¢) 7R T R A Eb Rl 5 SR, SR P ik
I X BN o T FT S a o 2 = W

1E Agent 15 Agent P [R5 400358, ] WAk A Bl By
B DR D — RN FAE S5, th AR &l
Agent PMETE L, PP/ SR IE Wl F AR T T R
P 5 1 BB (Tian 55 , 2025a) o &1 X ¢ &R B R
5, Yang 55 N (2024a) F) FH S 4E 55 £ AR AT 5500 i
A HE A SQL (structured query language) i 2 K1 F2 2%
TR E A i B 3 A5 3 0 Qiu 45 A (2025) 2K FH 25 1L)
I7 ik 5 NEOMETE R AT 5 e A TAT
55 Agent B 5B AR LIRS A B0HE b BRI TR, PR AR 4R
R AE AR 5 B 3R 2o 2T S I R 5
— RS

S HE T A BT R, Agent 8] 4 52 5% 55 36 ARAIL i A
RWFGEEE . B E R B S B A A R Y LightVA
AL BT R G, 856 /D REA R Al OR L ORI
B AL A 5 RBHIL ], 8 B A A XL
B, ) s 2 22 AL 1L 396 Bl 17 — B0 5 W (Zhao &5
2025b) . Yang %5 A (2024b) fl-& A0 A% LLM F1 £ #5245
LLM, | FH 5 & 32 4 0 ] WAk s 457 5 Bl iy 25 a2 4
RACHS . Shi %5 A (2025) F1] FH 34 I8 4L 56 15 5 A5 A5
Agent WAl I 40 4L Text2Vis i Y, T A A2 i—3FA%
— I HE PR . Shao %8 A (2025a) 45 tH Agent 15481
HARBAE N P WFFE AR 38, i Shuai 45 A (2026 ) 38 i
FREL T R Y BRI A4 T Agent E

TER 2P IS AL ZUB B, Wang 55 A (2025b) 43
Bt A~ Agent 2E B 4R 1 3 4l B2 5 AT 36 AR DME
1118 FH A1 FCHE 43 B A5 B B BB B DL % . Zhao

SN (2025¢) BT T BT B FRR 0 6 TS RIIE AL
% I AR TR . 7EAF S5 iiE R
JE BE, Agent PRI BT T4 23 Ar o A TR L2 2R
SERME 2SR o Zhao 2 A (2025¢) $& HY e #81
e A5 AW, 3 2ok A2 FLAIR LR R R A7 3 A D R L A
AT AR BT 5 o Yang 55 A (2025) £ 5% AT 4L
B SCAR i A5 A O, 42 TR AR A i X —
KRG AL SCAR R R T 125l LLM g2 21 JF ARl
AR

& Agent 5 SR U R W0F 52 07 1D, Y o 2 AR Ab
PRI T BRI A Ty RS E PRI . v
e LLM P47 Ot UL, Qiu 55 A (2025) R FHAG 2K 4
5 A IR 18] LLM i AR A AURE SCRIZERH3 Y
Ll Rl RE RS O R A 55 T T S A Y 2R
IR . Gao 55 A (2025) 44 &Uisk ] & 51) Sy LLM £E i
F AL R G R R ORI — IR T
T LLM DG 5 R o AU T 55 i 4 S AE4E

FEANTE T 24 J5 1, Wang 56 A (2025b) R4t
TEPAT IR B AE 55 I, & Agent 3 5l T 10 £k
it 73 BT R PR AR BT T2 U L A%, i 204 2 L AL it i 7
WL BT S8 BE R 2L . (E Agent 58U U W] )23 10, A
i LIRS Ay Hcs 19 Agent, B 6 FRAT B0HE 4G 28 T IE
YU, Ry J5 B 53 W U A K0 BE it (Zhang 55, 2025) . 7E
LA Y B L X A A Sy s ) B TR A5 2T
S HE, Zhang % N (2025) 20 A SR 18 5 T8 R A A2
JRCHH A RS Ab BB I F AR TR . " BT R
TR AIFRL, Luo 55 A (2022) WF 52 4 H 24 1 [ 4R
a2 AT A T 2 Y Ry BR 1, 32 H 2T Transformer
f 7 21 2 P AR, K F SRR S B T A ) v 1)
AT, S 3 S A A

SVARTT B AE LLM 5 n] 055 B 38 4 (1Y)
MR CIE MR G 2 BRI EARE R TEP AL
i B2 B ORI 5 45 7 T X WA E e, Ay
PR RE AT AL BT AR S R GE B T IR SR
2.3 KRB BERTRALNE

] A 22 R FUAE A AL I B T A4k A 400l )
SR ARG R RS, NI 8 B 3h 18R A
AL R B B A T AR RS RS 5
SCHRE SRR R G . TR 8 A ) T
[] 5% K 27 F 58 A1 BA 3 ) Erato R 48, % & G2 i
BERT (bidirectional encoder representations from

Transformers ) #5 75 52 B BCHE 35 52 1) 32 F i A, 1 1)
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E=iE, B, RERA, ERE, BF, B8, 9%, TKK, KA

AAEBIRBE R AT AL S AT AL T Af SRR3R

T RAERE A 0 = 52 R] A R 5 29 OC & (Sun
45,2023) o WV K2ABFFE A BT &2 T 3T R AR Y (1
W50 R G0, BB N BLAG H2 45 rpot a] TRE 4B 2
i 130 e B H BOUE 4R, A R A B BT A B0 R 4
(Tian 55 ,2025b) ; B3t T 1 ] 44 & Gk 19 A0 5 v] 41
L3 58 SNIL, H5 L FECHE R4 A s 1k R I SO
AL 7 1) (Cheng 45 ,2025) .

TEZASAS Rl A 7 T, AT LA B B 97 2 B0
RSSO R R B AR S H R R#
B4 A A2 H B9 SceneLoom £ 48 5t T L 9 18 =
Y ST B nT LA S S A R 1 R R
(Gao 5§ ,2026) o 7 W Bl A2 1 BATE 3l 25 £ 48
AU 2 T HAT B — sl 52 T I RE Y Sh A B
AT 3L AR (Shen %, 2025b ; Shao %5, 2025b ; Shen
2,2024) , E 4 PR o B BHEE RS (7 M) T BA
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<omitted some background> Your goal is to complete the animation unit
specification based on semantic links of NL commands and narration segments.
Here is the data table behind the data video: | {data table] |

Here is the narration text and extracted semantic links: { {semantic links} }

Notes:

-The JSON format for one animation unit: <explanations of output specification
-Each NL command in semantic links should correspond to at least one animation.
If relevant information extraction fails, it will be assigned a null value.
Follow the instructions to fill in the animation unit specification:

1. Determine animation behavior, name, and properties:

-Extract information from the NL command.

-There are three animation behaviors: entrance, emphasis, and exit.
-<explanations of supported animations of different animation behaviors>
-<explanations of animations properties™>

2. Identify target visual elements for animation:

- Extract information from the NL command, combined with the semantic-related
narration segment context.

-<explanations of element filters, including data filters and visual filters>

K4 WP BREE T A 3ha BRI (Shen 25, 2025b)

Fig. 4 The automatic interpreter to synthesize data video
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components from users’ annotations (Shen et al. , 2025b)
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Fig. 5 The pipeline of constructing the benchmark VisEval dataset (Chen et al. , 2025h)
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Continue Table 2 Key tasks and technologies for LLM-driven visual analytics
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Table 4 Key tasks and technologies for LLM-driven visualization evaluation

ESU- SN nalPARAT 55 FEEHA
[IEEE TVCG 444 Tl K 2%](Ceneda %5 ,2024) ; [VLDB il K24 1H 52 ]
K (Lee 45,2021 5
[IEEE Access # 75 K2:](Maddigan Fl Susnjak , 2023 ) ; [arXiv f VERE T K]
(Han%#,2023b);
[arXiv FAE A1 (Xu 55,2024 ) s [Analytics 41 299 372 A1 434521 (Coelho
45 2024) ;
IR K] (Zadeh & :[PacificVis 35 2R = all &5, " e e SRR

e FARRAEN(Zaden 55, 2004); [PacifieVis SEENFNWAE S g i s by it o B0 S W

; : TR SRR SRR R TR
[ICDAR 4120057 A7 51Re] (Yan 45, 2024) f;?;ﬁ ﬁiﬁﬁiﬁi g?g%*i%iﬁ; ]a:i;
[ACM MM #f1 [EIRF 25 K21( Chen %, 2024a) s [NeurTPS F bRl 2] o) 10 20w 0 R TELE gl 2t i HE

S S A A A I i O B e Ak 2 3T

(Wang%§,2024b) ;

[NAACL ZEHH K] (Koh 55 ,2025) s [ACL I K= IEAZHL 4] (Li 55,
2025a);

[IEEE TVCG RS K241 (Wang 55 ,2025¢; Wang %5, 2025d) 5

[IEEE TVCG I K241 58 #1534 1(Stokes 55,2026 ) ;

[TIP [V AN T RESLIR 2 / g a8 1 K= ](Xia %6, 2025) 5

[IEEE TVCG #5521 ( Chen 5 ,2025h ) ; [NeurIPS i H K] (Xie 25,

X s TS
SR SCR— RS
BRI 55 15T
TR AT AT BT

ICINCIR 3 SR s
PEAG R LA AT B Ak 1)
&5 HREF AT
VGRS s

2025);
[IEEE TVCG FHFHE R (M) 1(Zeng 55 ,2025) 5

[CGF FFuk Rl K2 (M) (Wang 25,2025 ) ; [ICLR TR ](Xu %,

2026)

T R AL S R P A 5 L S B 3 ) i E A o
FEBRT P e SRR A B, Al AN ) AT AR AT 55 fig
3L R Z MR R RO A2 R B S A% 1, $
THE5 5 52 A AT 55 UMERCR, R e T AL &
e —HLah %

2) 5835 28 B U Rl 5 AHLIL B T 40 234 KAt
FIUMW . A2 2B M Sl A, 2
REMRBIMIE RERS S BT 55 20 R ACOL AL FLZ B AL 4
[P eI 7% T =N ES R DS kb N 4 LY
ARARMFTERLARZR A REAA 2 8] S AL 6] B4 e 38
AL RS 5 RN, 45 sh AT 5 IR 5 ]
flR RS 7, 52 MBS A 30 P 3 AR 1S B R
AR AR P E AL o

3V RS AR RE A T 1 . R
TUALHS SCAS et SR 5 2 KSR B RS
A IR A B ELAT A P i e B AT A AL N A
AN i FTE B AT WA B P A8 i e 2
i SR IR 5 22 S BE  5F , d d  RE AR 2 A
R SRR 5 S5 A LA , S BB PN 28 ) ] 4 PR
RN T AR A T S B IR REE UL 5
B A 2 A 7 A IR U

4) R LTI AR | AT AR LA T ) SR — Bk

AT ITAG T vk o BEAE T AAG AR i A Sh A AR fE
b, WAL T ik R — HEBPE PP R RIS
SEH AR Kl L — B ZYUEfE R . ASRITTE Al 45
A NFIBMBLHE AR 55 58 AR BN R IR R AT i
B TR PPAG IR | B AT DAL A s R AU
PR L fide, SERES 55 HI P DA AT BE AR — 2, AT
S THRH 1 I B DR R SRR

Bt AL h P EAEZEYFFR TS T
Mo ELERCBLRET , BEELHEN
https://www.csig.org.cn/16/201801/49328.html .

22 3k (References)

Ai K S, Tang K'Y and Wang C L. 2026. NLI4VolVis: natural language
interaction for volume visualization via LLM multi-agents and edit-
able 3D Gaussian splatting. IEEE Transactions on Visualization
and Computer Graphics, 32 (1) : 46-56 [DOI: 10.1109/TVCG.
2025.3633888 ]

Alexander J, Nanda P, Yang K C and Sarvghad A. 2024. Can GPT-4
models detect misleading visualizations?//Proceedings of 2024
IEEE Visualization and Visual Analytics (VIS). St. Pete Beach,
USA: IEEE: 106-110 [ DOI: 10.1109/V1S55277.2024.00029 ]

Aodeng G, Li GZ, Feng Y S, Chen Q Y, Zhang Y and Liu C H. 2025.

InReAcTable: LLM-powered interactive visual data story construc-



$31% /5 68 /2026 £6 A

E=iE, B, RERA, ERE, BF, B8, 9%, TKK, KA

AAEBIRBE R AT AL S AT AL T Af SRR3R

tion from tabular data//Proceedings of the 38th Annual ACM Sympo-
sium on User Interface Software and Technology. Busan, Korea
(South) : Association for Computing Machinery: #139 [DOI: 10.
1145/3746059.3747719 ]

Bako H K, Bhutani A, Liu X Y, Cobbina K A and Liu Z C. 2024.
Evaluating the semantic profiling abilities of LLMs for natural lan-
guage utterances in data visualization//Proceedings of 2024 IEEE
Visualization and Visual Analytics (VIS). St. Pete Beach, USA:
IEEE: 261-265 [ DOI: 10.1109/VIS55277.2024.00060 |

Berger M and Liu S S. 2024. The visualization JUDGE: can multimodal
foundation models guide visualization design through visual percep-
tion? //Proceedings of 2024 IEEE Evaluation and Beyond—Meth-
odological Approaches for Visualization (BELIV). St. Pete Beach,
USA: IEEE: 60-70 [ DOI: 10.1109/BELIV64461.2024.00012 |

Biswas A, Turton T L, Ranasinghe N R, Jones S, Love B, Jones W,
et al. 2025. VizGenie: toward self-refining, domain-aware work-
flows for next-generation scientific visualization. IEEE Transactions
on Visualization and Computer Graphics, 32 (1) : 1021-1031
[DOI: 10.1109/TVCG.2025.3634655 |

Borisov V, Seller K, Leemann T, Pawelczyk M and Kasneci G. 2023.
Language models are realistic tabular data generators [EB/OL]J.
[2026-01-05 ]. https://arxiv.org/pdf/2210.06280.pdf

Butt M A, Wang K, Vazquez-Corral J and van de Weijer J. 2025. Color-
Peel: color prompt learning with diffusion models via color and
shape disentanglement//Proceedings of the 18th European Confer-
ence on Computer Vision (ECCV 2024). Milan, Italy: Springer:
456-472 [ DOI: 10.1007/978-3-031-72667-5_26 |

Cai X W, Xiong K, Luo Z S, Weng D, Ye S N and Wu Y C. 2025.
CodeLin: an in situ visualization method for understanding data
transformation scripts. Visual Informatics, 9(2): #100233 [DOI:
10.1016/j.visinf.2025.03.002 |

Ceballos D, Zarate M, Delrieux C and Nufiez G. 2025. Enhancing data
analytics with Al-powered visualization recommendations: a large
language model approach [ EB/OL]. [2026-01-05].
https://10.36227/techrxiv.175303443.39749915/v1

Ceneda D, Ariel A, and El-Assady M. 2024. A heuristic approach for
dual expert/end-user evaluation of guidance in visual analytics.
IEEE Transactions on Visualization and Computer Graphics, 30
(1): 997-1007 [DOI: 10.1109/TVCG.2023.3327152 |

Chen J T, WuJ, Guo JJ, Mohanty V, Li X M, Ono J P, et al. 2025a.
InterChat: enhancing generative visual analytics using multimodal
interactions. Computer Graphics Forum, 44 (3) : #e70112 [DOI:
10.1111/cgf.70112]

Chen] Y, Kong LY, Wei HR, Liu C L, Ge Z, Zhao L, et al. 2024a.
OneChart: purify the chart structural extraction via one auxiliary
token//Proceedings of the 32nd ACM International Conference on
Multimedia. Melbourne, Australia: ACM: 147-155 [DOI: 10.
1145/3664647.3681167 ]

Chen N, Zhang Y G, XuJ H, Ren K and Yang Y Q. 2025b. VisEval: a

benchmark for data visualization in the era of large language mod-
els. IEEE Transactions on Visualization and Computer Graphics,
31(1): 1301-1311 [ DOI: 10.1109/TVCG.2024.3456320 ]

Chen Q, Cao S X, Wang J Z and Cao N. 2024b. How does automation
shape the process of narrative visualization: a survey of tools. IEEE
Transactions on Visualization and Computer Graphics, 30 (8) :
4429-4448 [ DOI: 10.1109/TVCG.2023.3261320 ]

Chen R, Shu X H, Chen J H, Weng D, Tang J X, Fu S W, et al. 2022.
Nebula: a coordinating grammar of graphics. IEEE Transactions on
Visualization and Computer Graphics, 28(12) : 4127-4140 [DOI:
10.1109/TVCG.2021.3076222 |

Chen S M, LiJ, Andrienko G, Andrienko N, Wang Y, Nguyen P H,
et al. 2020. Supporting story synthesis: bridging the gap between
visual analytics and storytelling. IEEE Transactions on Visualiza-
tion and Computer Graphics, 26(7) : 2499-2516 [DOI: 10.1109/
TVCG.2018.2889054 |

Chen YT, LiHY, Shi N, Luo X H E, Xu W and Shen H W. 2025c.
Explorable INR: an implicit neural representation for ensemble
simulation enabling efficient spatial and parameter exploration.
IEEE Transactions on Visualization and Computer Graphics, 31(6) :
3758-3770 [ DOI: 10.1109/TVCG.2025.3567052 ]

Chen Z, Cao L, Madden S, Kraska T, Shang Z Y, Fan J, et al. 2024c.
SEED: domain-specific data curation with large language models
[EB/OL]. [2026-01-05 ] https://arxiv.org/pdf/2310.00749.pdf

Cheng L Q, Deng D Z, Xie X, Qiu R H, Xu M L and Wu Y C. 2025.
SNIL: generating sports news from insights with large language
models. IEEE Transactions on Visualization and Computer Graph-
ics, 31(7): 3973-3986 [ DOI: 10.1109/TVCG.2024.3392683 ]

Choi J, Lee J and Jo J. 2024. Bavisitter: integrating design guidelines
into large language models for visualization authoring//Proceedings
of 2024 IEEE Visualization and Visual Analytics (VIS). St. Pete
Beach, USA: IEEE: 121-125 [DOI: 10.1109/VIS55277.2024.
00032 ]

Coelho D, Ghai B, Krishna A, Velez-Rojas M, Greenspan S,
Mankovski S, et al. 2024. TaskFinder: a semantics-based method-
ology for visualization task recommendation. Analytics, 3(3): 255-
275 [ DOI: 10.3390/analytics3030015 |

Dibia V. 2023. LIDA: a tool for automatic generation of grammar-
agnostic visualizations and infographics using large language mod-
els//Proceedings of the 61st Annual Meeting of the Association for
Computational Linguistics (Volume 3: System Demonstrations).
Toronto, Canada: Association for Computational Linguistics: 113-
126 [ DOI: 10.18653/v1/2023.acl-demo.11 ]

Elmqvist N and Klokmose C N. 2025. Automating the path: an R&D
agenda for human-centered Al and visualization. IEEE Computer
Graphics and Applications, 45(3): 73-81 [DOI: 10.1109/MCG.
2025.3559374 ]

Ford J, Zhao X M, Schumacher D and Rios A. 2024. Charting the

future: using chart question-answering for scalable evaluation of

2215



2216

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 6,Jun. 2026

LLM-driven data visualizations//Proceedings of the 31st Interna-
tional Conference on Computational Linguistics. Association for
Computational Linguistics: 7494-7510

GaoL, LuJ, ShaoZK, LinZ Y, Yue S B, Leong C, et al. 2025. Fine-
tuned large language model for visualization system: a study on self-
regulated learning in education. IEEE Transactions on Visualiza-
tion and Computer Graphics, 31 (1) : 514-524 [DOI: 10.1109/
TVCG.2024.3456145 ]

Gao L, Shen L X, Zhao Y H, Lan J X, Qu H M and Chen S M. 2026.
SceneLoom: communicating data with scene context. IEEE Trans-
actions on Visualization and Computer Graphics, 32 (1) : 1328-
1338 [DOI: 10.1109/TVCG.2025.3634816]

Gathani S, Crisan A, Setlur V and Srinivasan A. 2024. Groot: a system
for editing and configuring automated data insights//Proceedings of
2024 IEEE Visualization and Visual Analytics (VIS). St. Pete
Beach, USA: IEEE: 36-40 [DOI: 10.1109/VIS55277.2024.
00015]

Goswami K, Mathur P, Rossi R and Dernoncourt F. 2025. PlotGen:
multi-agent LLM-based scientific data visualization via multimodal
retrieval feedback//Companion Proceedings of the ACM on Web
Conference 2025. Sydney, Australia: Association for Computing
Machinery: 1672-1676 [DOI: 10.1145/3701716.3716888 ]

Guo Y, QiXY, LiHY, Zhang J, Shi D Q, Chen Q, et al. 2026. Ura-
nia: visualizing data analysis pipelines for natural language-based
data exploration. ACM Transactions on Interactive Intelligent Sys-
tems, 16(1): #9 [DOI: 10.1145/3770071_

Han J, Tang K'Y and Wang C L. 2026. MoE-INR : implicit neural repre-
sentation with mixture-of-experts for time-varying volumetric data
compression. [EEE Transactions on Visualization and Computer
Graphics, 32(1): 254-264 [ DOI: 10.1109/TVCG.2025.3633893

Han J and Wang C L. 2023a. CoordNet: data generation and visualiza-
tion generation for time-varying volumes via a coordinate-based neu-
ral network. IEEE Transactions on Visualization and Computer
Graphics, 29 (12) : 4951-4963 [DOI: 10.1109/TVCG. 2022.
3197203]

Han J and Yang F. 2025. DCINR: a divide-and-conquer implicit neural
representation for compressing time-varying volumetric data in
hours. IEEE Transactions on Visualization and Computer Graph-
ics, 31(10): 8116-8128 [ DOI: 10.1109/TVCG.2025.3564255 ]

Han J, Zheng H and Bi C K. 2024. KD-INR: time-varying volumetric
data compression via knowledge distillation-based implicit neural
representation. IEEE Transactions on Visualization and Computer
Graphics, 30 (10) : 6826-6838 [DOI: 10.1109/TVCG. 2023.
3345373

Han J, Zheng H, Xing Y H, Chen D Z and Wang C L. 2021. V2V: a
deep learning approach to variable-to-variable selection and transla-
tion for multivariate time-varying data. IEEE Transactions on Visu-
alization and Computer Graphics, 27 (2) : 1290-1300 [DOI: 10.
1109/TVCG.2020.3030346

Han Y C, Zhang C, Chen X, Yang X, Wang Z B, Yu G, et al. 2023b.
ChartLlama: a multimodal LLM for chart understanding and genera-
tion [EB/OL]. [2026-01-05].
https://arxiv.org/pdf/2311.16483.pdf

Hao J N, Yang M L, Shi Q, Jiang Y Z, Zhang G, and Zeng W. 2024.
Finflier: Automating graphical overlays for financial visualizations
with knowledge-grounding large language model. IEEE Transac-
tions on Visualization and Computer Graphics, 31(9): 6353-6369
[DOI: 10.1109/TVCG.2024.3514138 ]

He W B, Wang J P, Guo H Q, Shen H W and Peterka T. 2020. CECAV-
DNN: collective ensemble comparison and visualization using deep
neural networks. Visual Informatics, 4 (2) : 109-121 [DOI: 10.
1016/j.visinf.2020.04.004 |

Hou Y H, Yang M L, Cui H, Wang L, Xu J and Zeng W. 2024.
C2ldeas: supporting creative interior color design ideation with a
large language model//Proceedings of 2024 CHI Conference on
Human Factors in Computing Systems. Honolulu, USA: ACM:
#172 [DOI: 10.1145/3613904.3642224

Hou Y H, Zeng X C, Wang Y S, Yang M L, Chen X J and Zeng W.
2025. GenColor: generative color-concept association in visual
design//Proceedings of 2025 CHI Conference on Human Factors in
Computing Systems. Yokohama, Japan: ACM: #544 [DOI: 10.
1145/3706598.3713418 ]

HuL M, Wang D K, Pan Y M, YuJ F, Shi Y X, Feng C, et al. 2024.
NovaChart: a large-scale dataset towards chart understanding and
generation of multimodal large language models//Proceedings of the
33rd ACM International Conference on Multimedia. Melbourne
VIC, Australia: Association for Computing Machinery: 3917-3925
[DOI: 10.1145/3664647.36807 ]

Islam M S, Laskar M T R, Parvez M R, Hoque E and Joty S. 2024.
DataNarrative: automated data-driven storytelling with visualiza-
tions and texts//Proceedings of 2024 Conference on Empirical Meth-
ods in Natural Language Processing. Miami, USA: Association for
Computational Linguistics: 19253-19286 [DOI: 10.18653/v1/
2024.emnlp-main.1073 ]

Jeong S, LiJ X, Johnson C R, Liu S S and Berger M. 2024. Text-based
transfer function design for semantic volume rendering//Proceed-
ings of 2024 IEEE Visualization and Visual Analytics (VIS). St.
Pete Beach, USA: IEEE: 196-200 [DOI: 10.1109/V1S55277.
2024.00047 ]

Jia D G, Irger A, Besangon L, Strnad O, Luo D, Bjorklund J, et al.
2025. VOICE: visual oracle for interaction, conversation, and
explanation. IEEE Transactions on Visualization and Computer
Graphics, 31 (10) : 8828-8845 [DOI: 10.1109/TVCG. 2025.
3579956 ]

Jianu R, Hutchinson M, Andrienko N, Andrienko G, Elshehaly M and
Slingsby A. 2025. Mind-mapping data analysis with LLMs: from
vision to first steps//Proceedings of Computer Graphics and Visual

Computing (CGVC) 2025. Liverpool, UK: The Eurographics Asso-



$31% /5 68 /2026 £6 A

E=iE, BiE, FREHA,

FRE, %, B8, 85X, IKE, ¥NA
AAEBIRBE R AT AL S AT AL T Af SRR3R

ciation: #20251221 [DOI: 10.2312/cgve.20251221 ]

Koh W, Yoon J, Lee M H, Song Y, Cho J, Kang J, et al. 2025. C2:
scalable auto-feedback for LLM-based chart generation//Proceed-
ings of 2025 Conference of the Nations of the Americas Chapter of
the Association for Computational Linguistics: Human Language
Technologies (Volume 1: Long Papers). Albuquerque, USA:
Association for Computational Linguistics: 4525-4566 [DOI: 10.
18653/v1/2025.naacl-long.232 ]

Kuang Y M, Guan ] W, Liu HY, Chen F, Wang Z H and Wang W D.
2025. PiCCL: a lightweight multiview contrastive learning frame-
work for image classification. PLoS ONE, 20 (8) : #0329273
[DOI: 10.1371/journal.pone.0329273 ]

Lee DJ L, Tang D X, Agarwal K, Boonmark T, Chen C, KangJ, et al.
2021. Lux: always-on visualization recommendations for explor-
atory dataframe workflows. Proceedings of the VLDB Endowment,
15(3): 727-738 [ DOI: 10.14778/3494124.3494151 |

Li B X, Wang Y W, Gu J X, Chang K W and Peng N Y. 2025a.
METAL: a multi-agent framework for chart generation with test-
time scaling//Proceedings of the 63rd Annual Meeting of the Asso-
ciation for Computational Linguistics. Vienna, Austria: Associa-
tion for Computational Linguistics: 30054-30069 [ DOI: 10.18653/
v1/2025.acl-long.1452 ]

Li C L, Dong X J, Liu W, Sheng S Y and Qian A J. 2020a. SSRDVis:
interactive visualization for event sequences summarization and
rare detection. Journal of Visualization, 23(1): 171-184 [DOI: 10.
1007/512650-019-00609-x ]

Li G, Liu Y, Shan G H, ChengSY, Cao W Q, Wang J P, et al. 2025b.
ParamsDrag: interactive parameter space exploration via image-
space dragging. IEEE Transactions on Visualization and Computer
Graphics, 31(1): 624-634 [DOI: 10.1109/TVCG.2024.3456338 |

Li G Z, Tian M, Xu Q M, McGuffin M J and Yuan X R. 2020b.
GoTree: a grammar of tree visualizations//Proceedings of 2020 CHI
Conference on Human Factors in Computing Systems. Honolulu,
USA': Association for Computing Machinery: 1-13 [DOI: 10.1145/
3313831.3376297 ]

Li HT, Wang Y and Qu H M. 2025¢c. Reflection on data storytelling
tools in the generative Al era from the human-Al collaboration per-
spective//Proceedings of 2025 IEEE Visualization and Visual Ana-
Iytics (VIS). Vienna, Austria: IEEE: 21-25 [DOI: 10.1109/
V1S60296.2025.00009 |

LiH X, WenZ, Jiang Q Q, LiCX, WuY W, Yang Y C, et al. 2026.
ConceptViz: a visual analytics approach for exploring concepts in
large language models. IEEE Transactions on Visualization and
Computer Graphics, 32 (1) : 57-67 [DOI: 10.1109/TVCG.2025.
3634806

Li S M, Chen X A, Song Y F, Song Y Z, Zhang C J, Hao F, et al.
2025d. Prompt4Vis: prompting large language models with
example mining for tabular data visualization. The VLDB Journal,

34(4): #38 [DOI: 10.1007/s00778-025-00912-0 ]

Li X, Liao J X, Liu W, Miao Y, Wang L Y and Sun S Q. 2025e. Cold-
start visualization recommendation driven by large language models
for ocean data analysis. Frontiers in Marine Science, 12: #1554241
[DOI: 10.3389/fmars.2025.1554241 |

LiY X, QiYS, ShiY, Chen Q, Cao N and Chen S M. 2023. Diverse
interaction recommendation for public users exploring multi-view
visualization using deep learning. IEEE Transactions on Visualiza-
tion and Computer Graphics, 29 (1) : 95-105 [DOI: 10.1109/
TVCG.2022.3209461 |

Li Z L, Zhang W H and Tao J. 2025f. FlowLLM: large language model
driven flow visualization. Visual Informatics, 9 (3) : #100241
[DOI: 10.1016/j.visinf.2025.100241 ]

Lin YN, LiHT, Yang L N, Wu A Y and Qu H M. 2024. InkSight:
leveraging sketch interaction for documenting chart findings in com-
putational notebooks. IEEE Transactions on Visualization and Com-
puter Graphics, 30 (1) : 944-954 [DOI: 10.1109/TVCG. 2023.
3327170

Liu HX, Chen XY, Zheng HY, LiM Y, LiuZ F, Yang F M, et al.
2026. Self-supervised continuous colormap recovery from a 2D sca-
lar field visualization without a legend. IEEE Transactions on Visu-
alization and Computer Graphics, 32(1): 265-275 [DOI: 10.1109/
TVCG.2025.3633886 |

Lu Y, Jiang K, Levine J A and Berger M. 2021. Compressive neural rep-
resentations of volumetric scalar fields. Computer Graphics Forum,
40(3): 135-146 [DOI: 10.1111/cgf.14295]

Luo T Q, Huang C H, Shen L X, Li BY, Shen SY, Zeng W, et al.
2026. nvBench 2.0: resolving ambiguity in text-to-visualization
through stepwise reasoning [ EB/OL]. [2026-01-05 ].
https://arxiv.org/pdf/2503.12880.pdf

Luo Y'Y, Tang N, Li G L, Tang ] W, Chai C L and Qin X D. 2022.
Natural language to visualization by neural machine translation.
IEEE Transactions on Visualization and Computer Graphics, 28(1) :
217-226 [ DOI: 10.1109/TVCG.2021.3114848

Maddigan P and Susnjak T. 2023. Chat2VIS: generating data visualiza-
tions via natural language using ChatGPT, Codex and GPT-3 large
language models. IEEE Access, 11: 45181-45193 [ DOI: 10.1109/
ACCESS.2023.3274199 |

Mao L J, Tang Z N and Suhr A. 2025. Evaluating model perception of
color illusions in photorealistic scenes//Proceedings of 2025 IEEE/
CVF Conference on Computer Vision and Pattern Recognition.
Nashville, USA: IEEE: 7805-7814 [DOI: 10.1109/CVPR52734.
2025.00731]

Masson D, Malacria S, Casiez G and Vogel D. 2023. Charagraph: inter-
active generation of charts for realtime annotation of data-rich para-
graphs//Proceedings of 2023 CHI Conference on Human Factors in
Computing Systems. Hamburg, Germany: Association for Comput-
ing Machinery: #146 [DOI: 10.1145/3544548.3581091 ]

Masson D, Malacria S, Casiez G and Vogel D. 2024. DirectGPT: a

direct manipulation interface to interact with large language mod-

2217



2218

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 6,Jun. 2026

els//Proceedings of 2024 CHI Conference on Human Factors in
Computing Systems. Honolulu, USA: Association for Computing
Machinery: #975 [ DOI: 10.1145/3613904.3642462 |

Narechania A, Srinivasan A and Stasko J. 2021. NL4DV: a toolkit for
generating analytic specifications for data visualization from natural
language queries. IEEE Transactions on Visualization and Com-
puter Graphics, 27 (2) : 369-379 [DOI: 10.1109/TVCG. 2020.
3030378

Niu T H, Cui Y M, Wang B X, Xu X, Yao X, Zhu Q F, et al. 2025.
Chart2Code53: a large-scale diverse and complex dataset for
enhancing chart-to-code generation//Proceedings of 2025 Confer-
ence on Empirical Methods in Natural Language Processing.
Suzhou, China: 15839-15855 [DOI: 10.18653/v1/2025. emnlp-
main.799 ]

Pan B, FuY X, Wang K, LuJ Y, Pan LK, QianZ Y, et al. 2025. VIS-
Shepherd: constructing critic for LLM-based data visualization gen-
eration [EB/OL]. [2026-01-05].
https://arxiv.org/pdf/2506.13326.pdf

Pan B, LuJ Y, LiH X, Chen W I, Wang Y Y, Zhu M F, et al. 2024.
Differentiable design galleries: a differentiable approach to explore
the design space of transfer functions. IEEE Transactions on Visual-
ization and Computer Graphics, 30 (1) : 1369-1379 [DOI: 10.
1109/TVCG.2023.3327371

Podo L, Angelini M and Velardi P. 2024. V-RECS: a low-cost LLM4Vis
recommender with explanations, captioning and suggestions [ EB/
OL]. [2026-01-05 1. https://arxiv.org/pdf/2406.15259.pdf

QiuR, Tu YM, Wang Y S, Yen P Y and Shen H W. 2024. DocFlow: a
visual analytics system for question-based document retrieval and
categorization. IEEE Transactions on Visualization and Com-
puter Graphics, 30(2) : 1533-1548 [DOI: 10.1109/TVCG.2022.
3219762

Qiu T, Wang F, Huang S H, Guo M, Zhao Y H, LiJ C, et al. 2025.
SmartMLVs: LLM-enabled multiple linked views generation for
interactive visualization//Proceedings of the 18th IEEE Pacific
Visualization Conference. Taipei City, China: IEEE: 58-68 [DOI:
10.1109/PacificVis64226.2025.00012 |

Ren D H, Lee B and Brehmer M. 2019. Charticulator: interactive con-
struction of bespoke chart layouts. IEEE Transactions on Visualiza-
tion and Computer Graphics, 25 (1) : 789-799 [DOI: 10.1109/
TVCG.2018.2865158 ]

Ren Y F, Li Z Q and Zhang S H. 2024. Survey of visualization methods
for multiscene visual cue information in immersive environments.
Journal of Image and Graphics, 29(1): 1-21 ({EFEHT, 25550,
SRANTE . 2024, P AFREE AP 2237 5 L8 $ /s (5 2T AL 7 12
ik P EEZEE A, 29(1) : 1-21) [DOI: 10.11834/jig.
221147]

Salim S, Pial T and Mueller K. 2026. What is the color of serendipity?
Investigating the use of language models for semantically resonant

color generation. IEEE Transactions on Visualization and Computer

Graphics, 32(1): 670-680 [ DOI: 10.1109/TVCG.2025.3634243 |

Satyanarayan A, Moritz D, Wongsuphasawat K and Heer J. 2017. Vega-
Lite: a grammar of interactive graphics. IEEE Transactions on Visu-
alization and Computer Graphics, 23(1): 341-350 [DOI: 10.1109/
TVCG.2016.2599030]

Satyanarayan A, Russell R, Hoffswell ] and Heer J. 2016. Reactive
Vega: a streaming dataflow architecture for declarative interactive
visualization. IEEE Transactions on Visualization and Computer
Graphics, 22(1): 659-668 [ DOI: 10.1109/TVCG.2015.2467091 |

Savva M, Kong N, Chhajta A, Li F I, Agrawala M and Heer J. 2011.
ReVision: automated classification, analysis and redesign of chart
images//Proceedings of the 24th Annual ACM Symposium on User
Interface Software and Technology. Santa Barbara, USA: Associa-
tion for Computing Machinery: 393-402 [DOI: 10.1145/2047196.
2047247]

Schnizer K and Mayer S. 2025. User-centered Al for data exploration:
rethinking GenAl’s role in visualization [ EB/OL . [2026-01-05 ].
https://arxiv.org/pdf/2504.04253.pdf

Seo W, Kang D, An H, Kim T, Cho S, Lee S, et al. 2026. Automated
visualization code synthesis via multi-path reasoning and feedback-
driven optimization [ EB/OL]. [2026-01-05 ].
https://arxiv.org/pdf/2502.11140.pdf

Shao Z K, Shan Y, He Y X, Yao Y X, Wang J H, Zhang X L, et al.
2025a. Do language model agents align with humans in rating visu-
alizations?
Applications, 45(6): 14-28 [DOI: 10.1109/MCG.2025.3586461 |

Shao Z K, Shen LX, LiHT, Shan Y, QuH M, Wang Y, et al. 2025b.

An empirical study. IEEE Computer Graphics and

Narrative Player: reviving data narratives with visuals. IEEE Trans-
actions on Visualization and Computer Graphics, 31(10) : 6781-
6795 [DOI: 10.1109/TVCG.2025.3530512 ]

Shen J Y, Duan Y H and Shen H W. 2025a. SurroFlow: a flow-based
surrogate model for parameter space exploration and uncertainty
quantification. IEEE Transactions on Visualization and Computer
Graphics, 31(1): 635-644 [ DOI: 10.1109/TVCG.2024.3456372 |

Shen L X, LiHT, Wang Y, Luo T Q, Luo Y Y and Qu H M. 2025b.
Data Playwright: authoring data videos with annotated narration.
IEEE Transactions on Visualization and Computer Graphics, 31(9) :
5884-5897 [ DOI: 10.1109/TVCG.2024.3477926 ]

Shen L X, Wang Y I, Qu H M, Xie X and Li H T. 2026. Interaction-
augmented instruction: modeling the synergy of prompts and inter-
actions in human-GenAl collaboration [ EB/OL]. [2026-01-05 ].
https://arxiv.org/pdf/2510.26069.pdf

Shen L X, Zhang Y Z, Zhang H D and Wang Y. 2024. Data player:
automatic generation of data videos with narration-animation inter-
play. IEEE Transactions on Visualization and Computer Graphics,
30(1): 109-119 [DOI: 10.1109/TVCG.2023.3327197 ]

Shi C H, Cui W W, Liu C Z, Zheng C B, Zhang H D, Luo Q, et al.
2024. NL2Color: refining color palettes for charts with natural lan-

guage. IEEE Transactions on Visualization and Computer Graph-



$31% /5 68 /2026 £6 A

E=iE, B, RERA, ERE, BF, B8, 9%, TKK, KA

AAEBIRBE R AT AL S AT AL T Af SRR3R

ics, 30(1): 814-824 [DOI: 10.1109/TVCG.2023.3326522 ]

Shi N, XuJ Y, LiHY, Guo H Q, Woodring J and Shen H W. 2023.
VDL-Surrogate: a view-dependent latent-based model for param-
eter space exploration of ensemble simulations. IEEE Transactions
on Visualization and Computer Graphics, 29 (1) : 820-830 [DOI:
10.1109/TVCG.2022.3209413 ]

Shi N, XuJ Y, Wurster S W, Guo H Q, Woodring J, Van Roekel L P,
et al. 2022. GNN-Surrogate : a hierarchical and adaptive graph neu-
ral network for parameter space exploration of unstructured-mesh
ocean simulations. IEEE Transactions on Visualization and Com-
puter Graphics, 28 (6) : 2301-2313 [DOI: 10.1109/TVCG.2022.
3165345

ShiSZ, Ren T, Zhu G L, Feng G D and Hu J. 2025. Closing the feed-
back loop in Text2Vis: refining visualization with vision-language
models//Proceedings of the 33rd ACM International Conference on
Multimedia. Dublin, Ireland: Association for Computing Machin-
ery: 9053-9061 [ DOI: 10.1145/3746027.3755862 ]

Shin S, Jeon H, Hong S and Elmqvist N. 2025. Data therapist: eliciting
domain knowledge from subject matter experts using large language
models [EB/OL]. [2026-01-05].
https://arxiv.org/pdf/2505.00455.pdf

ShuaiZH, LiBY, YanS Y, Luo Y Y and Yang W K. 2026. DeepVIS:
bridging natural language and data visualization through step-wise
reasoning. IEEE Transactions on Visualization and Computer
Graphics, 32(1): 868-878 [DOI: 10.1109/TVCG.2025.3634645 |

Song H, Dai Z, Xu P P and Ren L. 2022. Interactive visual pattern
search on graph data via graph representation learning. IEEE Trans-
actions on Visualization and Computer Graphics, 28 (1) : 335-345
[DOI: 10.1109/TVCG.2021.3114857 ]

Sperrle F, Jeitler A, Bernard J, Keim D and El-Assady M. 2021. Co-
adaptive visual data analysis and guidance processes. Computers
and Graphics, 100: 93-105 [ DOI: 10.1016/j.cag.2021.06.016 ]

Srinivasan A, Setlur V and Satyanarayan A. 2025. Pluto: authoring
semantically aligned text and charts for data-driven communica-
tion//Proceedings of the 30th International Conference on Intelli-
gent User Interfaces. Cagliari, Italy: Association for Computing
Machinery: 1123-1140 [DOI: 10.1145/3708359.3712122 ]

Stokes C, Arunkumar A, Hearst M A and Padilla L. 2026. An analysis
of text functions in information visualization. IEEE Transactions on
Visualization and Computer Graphics, 32(1) : 769-779 [ DOI: 10.
1109/TVCG.2025.3567122 ]

Sun M D, Cai LG, Cui W W, WuY Q, Shi Y and Cao N. 2023. Erato:
cooperative data story editing via fact interpolation. IEEE Transac-
tions on Visualization and Computer Graphics, 29 (1) : 983-993
[DOI: 10.1109/TVCG.2022.3209428

Takahira K and Ueno Y. 2025. VisAider: Al-assisted context-aware
visualization support for data presentations [EB/OL]. [2026-01-
05 . https://arxiv.org/pdf/2510.14247 pdf

Tang K'Y, Ai K'S, Han J and Wang C L. 2026. TexGS-VolVis: expres-

sive scene editing for volume visualization via textured Gaussian
splatting. IEEE Transactions on Visualization and Computer Graph-
ics, 32(1): 933-943 [DOI: 10.1109/TVCG.2025.3634643 ]

Tao J, Zhang Y, Chen Q, Liu C, Chen S M and Yuan X R. 2023. Intel-
ligent visualization and visual analytics. Journal of Image and
Graphics, 28(6) : 1909-1926 (Fg#7, 5K, BRig, XV, BRE,
RGN . 2023 B AE AT AL 5 AT AR BT . o IR R DR 2
28(6): 1909-1921) [DOI: 10.11834/jig.230034 |

Tian Y, Cui W W, Deng D Z, Yi X J, Yang Y R, Zhang H D, et al.
2025a. ChartGPT: leveraging LLMs to generate charts from
abstract natural language. IEEE Transactions on Visualization and
Computer Graphics, 31(3) : 1731-1745 [DOI: 10.1109/TVCG.
2024.3368621 |

Tian Y, Zhang C H, Wang X T, Pan ST, Cui W W, Zhang H D, et al.
2025b. ReSpark: leveraging previous data reports as references to
generate new reports with LLMs//The 38th Annual ACM Sympo-
sium on User Interface Software and Technology. Busan, Korea
(South) : ACM: #181 [DOI: 10.1145/3746059.3747644

Vaithilingam P, Glassman E L, Inala J P and Wang C L. 2024. Dyna-
Vis: dynamically synthesized Ul widgets for visualization editing/
Proceedings of 2024 CHI Conference on Human Factors in Comput-
ing Systems. Honolulu, USA: Association for Computing Machin-
ery: #985 [DOI: 10.1145/3613904.3642639 ]

Wall E, Matzen L, El-Assady M, Masters P, Hosseinpour H, Endert
A, et al. 2024. Trust junk and evil knobs: calibrating trust in Al
visualization//Proceedings of the 17th IEEE Pacific Visualization
Conference (PacificVis). Tokyo, Japan: IEEE: 22-31 [DOI: 10.
1109/PacificVis60374.2024.00012 ]

Wang C L, Lee B, Drucker S M, Marshall D and Gao J F. 2025a. Data
Formulator 2: iterative creation of data visualizations, with Al
transforming data along the way//Proceedings of 2025 CHI Confer-
ence on Human Factors in Computing Systems. Yokohama, Japan:
ACM: #677 [DOI: 10.1145/3706598.3713296

Wang F, Wang B M, Shu X L, Liu Z, Shao Z K, Liu C, et al. 2025b.
ChartInsighter: an approach for mitigating hallucination in time-
series chart summary generation with a benchmark dataset. IEEE
Transactions on Visualization and Computer Graphics, 31 (6) :
3733-3745 [DOI: 10.1109/TVCG.2025.3567122 ]

Wang HW, Gordon M, Battle L and Heer J. 2025¢. DracoGPT: extract-
ing visualization design preferences from large language models.
IEEE Transactions on Visualization and Computer Graphics, 31(1) :
710-720 [ DOT: 10.1109/TVCG.2024.3456350 ]

Wang H W, Hoffswell J, Thane SM T, Bursztyn V S and Bearfield C X.
2025d. How aligned are human chart takeaways and LLM predic-
tions? A case study on bar charts with varying layouts. IEEE
Transactions on Visualization and Computer Graphics, 31 (1) :
536-546 [ DOI: 10.1109/TVCG.2024.3456378 |

Wang J Z, Li X, Li C L, Peng D, Wang A Z, Gu Y H, et al. 2024a.

AVA: an automated and Al-driven intelligent visual analytics

2219



2220

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 6,Jun. 2026

framework. Visual Informatics, 8(2): 106-114 [DOI: 10.1016/j.
visinf.2024.06.002 |

Wang L W, Wang Z, Xiao S S, Liu L, Tsung F and Zeng W. 2025e.
VizTA: enhancing comprehension of distributional visualization
with visual-lexical fused conversational interface. Computer Graph-
ics Forum, 44(3): #70110 [DOI: 10.1111/cgf.70110]

Wang Z R, XiaM Z, He LX, Chen H, Liu Y T, Zhu R, et al. 2024b.
CharXiv: charting gaps in realistic chart understanding in multi-
modal LLMs//Proceedings of the 38th International Conference on
Neural Information Processing Systems. Vancouver, Canada: Cur-
ran Associates Inc.: 113569-113697

Weiss S, Hermiiller P and Westermann R. 2022. Fast neural representa-
tions for direct volume rendering. Computer Graphics Forum, 41(6) :
196-211 [DOI: 10.1111/cgf.14578 ]

Wen Z, Weng L. X, Tang Y H, Zhang R J, Liu Y X, Pan B, et al.
2025. Exploring multimodal prompt for visualization authoring with
large language models[ EB/OL]. [2026-01-05J.
https://arxiv.org/pdf/2504.13700.pdf

Wolter A, Vidalakis G, Yu M, Grover A and Dhanoa V. 2025. Multi-
agent data visualization and narrative generation//[ EB/OL]. [2026-
01-05 ]. https://arxiv.org/pdf/2509.00481.pdf

Wu Z K, Le V, Tiwari A, Gulwani S, Radhakrishna A, Radi¢ek I,
et al. 2022. NL2Viz: natural language to visualization via con-
strained syntax-guided synthesis//Proceedings of the 30th ACM
Joint European Software Engineering Conference and Symposium
on the Foundations of Software Engineering. Singapore: Associa-
tion for Computing Machinery: 972-983 [DOI: 10.1145/3540250.
3549140

XiaRQ, Ye HC, Yan X C, Liu Q, Zhou H B, Chen Z J, et al. 2025.
ChartX and ChartVLM: a versatile benchmark and foundation
model for complicated chart reasoning. IEEE Transactions on Image
Processing, 34: 7436-7447 [DOI: 10.1109/T1P.2025.3607618 |

Xiao S S, Huang SZ, Lin Y, Ye Y L and Zeng W. 2024. Let the chart
spark: embedding semantic context into chart with text-to-image
generative model. IEEE Transactions on Visualization and Com-
puter Graphics, 30 (1) : 284-294 [DOI: 10.1109/TVCG. 2023.
3326913]

Xie LW H, Lin Y N, Liu C, Qu H M and Shu X H. 2026. DataWink :
reusing and adapting SVG-based visualization examples with large
multimodal models. IEEE Transactions on Visualization and Com-
puter Graphics, 32 (1) : 824-834 [DOI: 10.1109/TVCG. 2025.
3634635]

Xie L W H, Zheng C B, Xia HJ, Qu H M and Chen Z T. 2024a. Wait-
GPT: monitoring and steering conversational LLM agent in data
analysis with on-the-fly code visualization//Proceedings of the 37th
Annual ACM Symposium on User Interface Software and Technol-
ogy. Pittsburgh, USA: Association for Computing Machinery: #119
[DOLI: 10.1145/3654777.3676374 ]

XieTC, LinMZ, LiuMC, Ye Y L, Chen C J and Liu S X. 2025. Info-

ChartQA: a benchmark for multimodal question answering on info-
graphic charts//Proceedings of the 39th Annual Conference on Neu-
ral Information Processing Systems Datasets and Benchmark Track
(Poster). San Diego, USA: NeurIPS: 1-13

Xie Y P, Luo Y Y, Li G L and Tang N. 2024b. HAIChart: human and
AT paired visualization system. Proceedings of the VLDB Endow-
ment, 17(11): 3178-3191 [ DOI: 10.14778/3681954.3681992 |

XuZZ,DuSN, QiYY, XuC]J, Yuan C and Guo J. 2024. Chart-
Bench: a benchmark for complex visual reasoning in charts [ EB/
OL]. [2026-01-05 ]. https://arxiv.org/pdf/2312.15915.pdf

XuZZ,QuBW, Qi YY, DuSN, XuCJ, Yuan C, et al. 2026. Chart-
MoE: mixture of diversely aligned expert connector for chart under-
standing//Proceedings of the 14th International Conference on
Learning Representations. Rio de Janeiro, Brazil: OpenReview.net
[DOI: 10.48550/arXiv.2409.03277 ]

Yan P Y, Bhosale M, Lal J, Adhikari B and Doermann D. 2024. Char-
tReformer: natural language-driven chart image editing//Proceed-
ings of the 18th International Conference on Document Analysis
and Recognition. Athens, Greece: Springer: 453-469 [DOI: 10.
1007/978-3-031-70533-5_26 |

Yan S Y, Liu T C, Yang W K, Tang N and Luo Y Y. 2025. ChartEdi-
tor: a human-Al paired tool for authoring pictorial charts [ EB/OL].
[2026-01-05 ]. https://arxiv.org/pdf/2501.07320.pdf

Yang H, YangZ Y, Zhao R'Y, Li X R and Rao G Q. 2024a. The imple-
mentation solution for automatic visualization of tabular data in rela-
tional databases based on large language models//Proceedings of
2024 International Conference on Asian Language Processing.
Hohhot, China: IEEE: 175-180 [DOI: 10.1109/IALP63756.2024.
10661162 ]

Yang Z R, Pan B, Wang H, Wang Y Y, Liu X Y, Weng L X, et al.
2025. Multimodal DeepResearcher: generating text-chart inter-
leaved reports from scratch with agentic framework//Proceedings of
the 40th AAAI Conference on Artificial Intelligence. Singapore,
Singapore: Association for the Advancement of Artificial Intelli-
gence: 1-48

Yang Z Y, Zhou Z H, Wang S, Cong X, Han X, Yan Y K, et al.
2024b. MatPlotAgent: method and evaluation for LLM-based agen-
tic scientific data visualization//Proceedings of the Findings of the
Association for Computational Linguistics: ACL 2024. Bangkok,
Thailand: Association for Computational Linguistics: 11789-11804
[DOLI: 10.18653/v1/2024.findings-acl.701 ]

Yu Y, Shen L X, Long ', Qu H M and Chen H. 2024. PyGWalker: on-
the-fly assistant for exploratory visual data analysis//Proceedings of
2024 IEEE Visualization and Visual Analytics (VIS). St. Pete
Beach, USA: IEEE: 6-10 [DOI: 10.1109/V1S55277.2024.00009 |

Zadeh F P, Kim J, Kim J H and Kim G. 2024. Text2Chart31: instruc-
tion tuning for chart generation with automatic feedback//Proceed-
ings of 2024 Conference on Empirical Methods in Natural Language

Processing. Miami, USA: Association for Computational Linguis-



$31% /5 68 /2026 £6 A

2221

E=iE, B, RERA, ERE, BF, B8, 9%, TKK, KA

AAEBIRBE R AT AL S AT AL T Af SRR3R

tics: 11459-11480 [ DOI: 10.18653/v1/2024.emnlp-main.640 ]

Zeng X C, Lin H C, Ye Y L and Zeng W. 2025. Advancing multimodal
large language models in chart question answering with
visualization-referenced instruction tuning. IEEE Transactions on
Visualization and Computer Graphics, 31(1): 525-535 [DOI: 10.
1109/TVCG.2024.3456159 ]

Zeng Z H and Battle L. 2024. A systematic review of visualization recom-
mendation systems: goals, strategies, interfaces, and evaluations.
Foundations and Trends in Databases, 14 (1) : 1-71 [DOI: 10.
1561/1900000088 ]

Zhang W H and Tao J. 2026. Automatic semantic alignment of flow pat-
tern representations for exploration with large language models.
IEEE Transactions on Visualization and Computer Graphics, 32(1) :
835-845 [DOI: 10.1109/TVCG.2025.3634650 |

Zhang W Q, Shen Y L, TanZ Q, Hou G Y, Lu W M and Zhuang Y T.
2025. Data-Copilot: bridging billions of data and humans with
autonomous workflow[ EB/OL]. [2026-01-05].
https://arxiv.org/pdf/2306.07209.pdf

Zhao X and Tao J. 2026. Natural language-driven viewpoint navigation
for volume exploration via semantic block representation. IEEE
Transactions on Visualization and Computer Graphics, 32 (1) :
879-889 [DOI: 10.1109/TVCG.2025.3634651 |

Zhao Y, Wang Y H, Luo X, Wang Y Y and Fekete J D. 2025a. Libra:
an interaction model for data visualization//Proceedings of 2025
CHI Conference on Human Factors in Computing Systems. Yoko-
hama, Japan: ACM: #1169 [ DOI: 10.1145/3706598.3713769 |

Zhao Y H, Shu X L, Fan L W, Gao L., Zhang Y and Chen S M. 2026.
ProactiveVA : proactive visual analytics with LLM-based Ul agent.
IEEE Transactions on Visualization and Computer Graphics, 32(1) :

451-461 [DOI: 10.1109/TVCG.2025.3642628 |

Zhao Y H, Wang J J, Xiang L B, Zhang X W, Guo Z F, Turkay C,
et al. 2025b. LightVA : lightweight visual analytics with LLM agent-
based task planning and execution. IEEE Transactions on Visualiza-
tion and Computer Graphics, 31(9): 6162-6177 [DOI: 10.1109/
TVCG.2024.3496112 ]

Zhao Y H, Zhang Y X, Zhang Y, Zhao X Y, Wang J J, Shao Z K,
et al. 2025¢. LEVA: using large language models to enhance visual
analytics. IEEE Transactions on Visualization and Computer Graph-

ics, 31(3): 1830-1847 [DOI: 10.1109/TVCG.2024.3368060

EZ '

g, T, 8852, FEWFTT 0 R al A5 a4
E-mail : wang.yh@ruc.edu.cn

SKRANOT EARAER B0, I T o nT AL S T A
53 o E-mail : jwzhang@tju.edu.cn

B 5 B, EERTT AR Bt S T AL .
E-mail : nan.cao@gmail.com

WRIEE, 5B 0P 5, EBERESETT 1) S T AAT

E-mail : simingchen3@gmail.com

PIRNE, 5 BZ, BRI 0 R BT

E-mail : chli@cs.ecnu.edu.cn

WA, 5 B, W7 ) AR R T A
E-mail : weizeng@ust.hk

VR, T BB, E RS 5 I AREE AT AL

E-mail : taoj23@gmail.com

W3, 2, B, DT 10 A R AT AL

E-mail : giong.zn@sdu.edu.cn

ERBE T Bt , FEWFETT 0 Rl AL AT A

E-mail : cbwang@dase.ecnu.edu.cn



