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Abstract

Visual reasoning is critical for a wide range of computer vision tasks that go be-
yond surface-level object detection and classification. Despite notable advances
in relational, symbolic, temporal, causal, and commonsense reasoning, existing
surveys often address these directions in isolation, lacking a unified analysis
and comparison across reasoning types, methodologies, and evaluation proto-
cols. This survey aims to address this gap by categorizing visual reasoning
into five major types (relational, symbolic, temporal, causal, and commonsense)
and systematically examining their implementation through architectures such
as graph-based models, memory networks, attention mechanisms, and neuro-
symbolic systems. We review evaluation protocols designed to assess functional
correctness, structural consistency, and causal validity, and critically analyze
their limitations in terms of generalizability, reproducibility, and explanatory
power. Beyond evaluation, we identify key open challenges in visual reasoning,
including scalability to complex scenes, deeper integration of symbolic and neural
paradigms, the lack of comprehensive benchmark datasets, and reasoning under
weak supervision. Finally, we outline a forward-looking research agenda for next-
generation vision systems, emphasizing that bridging perception and reasoning
is essential for building transparent, trustworthy, and cross-domain adaptive Al
systems, particularly in critical domains such as autonomous driving and medical
diagnostics.

Keywords: Visual Reasoning, Computer Vision, Graph Neural Networks,
neuro-symbolic Models, Causal Inference

www.xueshuxiangzi.com



1 44
THANILSEAE S 25 4RI T EORHERE , A DA SRS A I 40 18 FERIRT 5

AL SE R G S I (44 BRLGE I ) P o R A ke . DASESHE PR e A B0 SR 0, 9
REEXTSJENE . KA VA S 28 PR BB HEIRT [7 2 7 2 7 ] o BV — N EE BN R
alify, BT RGUEAE SO . BAAEUS T REERE, (HAE TR . B
PERIAL BAZ 25 AT 55 (A RE ) D THIATI A7 AE O A 22

X BE PR 22 4 OB I SR L, BN A B2 R RIS WA i T
RHEATPRIGE I, b B BER R (S M o B Ay B (22722 2] o AR
HOZRR TR BIAE Sy, EAEENTAALE T AEWMHER (7 27 ] . 3A/
RN TR (XAD) H¥:, 0 Grad-CAM [? | Ry JoKEhm gk (7], K
e A B ARTE S AL PR RS 1R 1 . L, ENTAETE 2N TR A e R A e )
QA P S HL L SEE P IT R AR . SN RIfERL 722272222222,

R 20 SRR BRI S L SEHE PRt ok 1 HLIE ti ok TPk k. 2 I ik
FAET . SRR BRI R SRR (272 7] o SR, XPRESRLSH
BARE SRR E TS RHERBALE], IF51 R X TR AR M EIE “H#” I
A RISE . DA AR A F R PR HER R AT 55 19 202, TARR A A K AR T IA
S . AT PRAG S RA JR FRAE A S R AR TS5 1) B B T2 LA

X I Al L T RO T I M AR HERT R, R — A TE R
RAEMCHEIE AR GE, MTEAD TIX 2825 1o FRATPRFILEHERE /) A TLRP2R AL (S R AL
PR AL, AL, PRERZVRIF AL, FFEAABOREAS . D0 RORR BRA: 5 TR R e
Tt FIvEs A, AR B AR M 24 BB . PR RS IRK & A
PICIZIAER (2 7 ] o SO, FRATH A T =JOTAEZERE (TIREIERATE . 45— BUAl
PURTRMEYE (77 2] ), IFhe T e ez ettt ATEEEAIARRERE )y TH i J= FR A -

ARWFTEH) DT T :

o SEHEBRAYSE— > RIERIPMTHESS : AT IR R R (SE AR 455, W),
PERFIF) GE— M — A EHER, KOk, S FIPIEERE G, i
B Z B NAERR . KAIHEAME.

o FERROPIIHT AA CBE AR RIS AT TR I SRS AU
PEFERE WL S PR Al AR A SR AT 55 SR R AR S % A . X TARAE
AR R AR N AT AN, AR SRS 3 Y A

o N RPEHEB R LR RIEYEDTICUGE . FRATIR I A A St T AAE vl e i
SRz AL AR S B NI AR A R o FRNTHRE T RIEAFS 5 A7 S HER4S
G BEIRE G Y AT, DA 2 S PR R IR I A SO A W 18] o
AR HLIN o 265 2 NE T e HERL R B BRI AN 2028 5 3 7]

BT A% AT S AR R RS . 56 4 TR TAURMEHER ik, BT, KR

TIPSR, 565 5 e I IO RIIRYE . 26 6 ik 1 S BBk AH 4 9T

Jrlle i, B JEOR TR RS

www.xueshuxiangzi.com



Reasoning in Computer Vison

( Survey Structure }

f i e N 7 N
Tasks Reasoning Methodologies Challenges and
Types Future Directions
Visual o/ Relational N4 Scaling 7 Scaling to
ggzﬁgir:lg Reasoning Correctness aoll Complex Scenes
@) . .
* ) Acti Symbolic Structural g% Symbolic-Neural
x {\rfftell(')gnce Reasoning Consmltency (\g Integrz;tion
C 1 . Temporal Causa Lack o
h?%:;-gnce @ Reasoning Validity Benchmarks
(@ Intent Common-Sense Counterfactual Low-Supervision
Recognition ) Reasoning Testing Learning
Figure 1 JA# 45 SR8 TR A AL RBRM BRI AERE .
2.1 X

PUSEHERENT DA AR GEHL N LRI R A, 4 SIS B —Ffop R i #E RIS, AR
BT SCHERH) T IZ ARSI MO AT SR, RHER . DR, IR

P HERDY RO B LS A B A AR R . %, BB RS
FIMR A ]y P IRIAF S 28, Blanigstal. B ey, SRJGHEAT 5T HU00 g HER
R R BT AR MR . BN, — TSR T RE S T 7 ARG A FERT
4 B kil IH B RL@n, A A JHE MO RN " BRI PI
B IR A AR 2 A MY, (EZ AR B R i UE R, g
MR G RN, XEREE AR ERMNER PRI [7?777].

FHLEZ T, 9% 2R B 8] A SR MTH AL B S A 2 8] 8 O B3 = B ) R AR o gk
KEAM AR B RIAERE (Bl < B0 . IR ) o DIRELERE (BN “dRfE7 . <X
7)o SCAERE (B R iR 7) . R AL 2R 45 (GNNs)
transformers B R RZERSCH, A B HUE SRR . Tl M BT, X LEpE
B2 ) RS PE OB AR . X B RE S XTI S A I ILAE S5 RaB PR DA S B T2

R SR A B A — S FE S 5 — SRR LE], R TR AR . FERL
AU, XY AR R (B, “BERRE R RO BT T, T
AR SAPHREL (SCM) . SRS filivt el do E54F 7 o ML e it
e Y AR S E S (i TR A X BT AR T U B O R, RO

IS TR R A B i B I (B R TF R B ASSE NA . IR AL s B . Sh 2 i
HEFP AT 55 7 BRI AR G IR R]E AR DA SRR Z TR R BB . ARIE S SR, 2R
P MAEFR LR 2% (40 LSTMs) FIfEISFM 4% (TCNs) FHHHERARORIAY BT
E R S A A AN A . I PR AR . DU R ORIE (QA) FTE R ICH E

BRI R B Bk NJ-AT . BRI BN SCAR R B RSt
B AR A 0 TR PR T, A RERS ML S ERAGHENT. BN, BRE— A N FF

www.xueshuxiangzi.com



EENRTEREEEK, X EFIYBIIE ., LSS EH AR SE Ao X IR
ISR RS AL AR, CRERBILES A 2Bk 51 S R S AR 23 540
Mo BIRGE S5 G AMMAIFE . BE5RICIC N 48 B I 2508 5 B S X I = 4
M 2777,

2.2 R

N T S EIRAEIIEA, WL AR GE MR T AR B R A I X SRR 2R o XS B
AU IUGETE L, AR (AT ] EREAOHERE. e T Ay h, FATEEE T
SEAERIARA r il A DU A% R T IR

WA JRERWE NG ER, KW RForx g, aFoneiiz
AR xXFR. AL, BREZDFHE G = (V,E) , Hf V FoRiil #] 5y 5k,
ECV xRV @ THHCHIRR, RAH Fifa " 50 “55h" pil, X
IEXU‘?}?%%TEIE%%E&E‘L HITZATW VQA L FRA A E (TS5 777
227
ZERY PR (SCMs) o S PR B03 7 —A0 P 0E 20 v ) PR SR 56 R A T
B S PEAESE . EATRFREANAS R X Fon NIRRT 5 PA; AL s
Us WRREL fi o PRI G SCTASRZ MK AR . il i do S5, FRATATRA
i P(Y |do(X = x)) fFRARME T BISR . XT3 KT iR A 5, SCMs
Qﬁiﬁ?‘ﬁ, RVFIET “WERYE A AR KEAAT (27777 ] RHRR

ST

HTRIBMERT . PRI AT S g LR A . dad
—BrZE, LRGP

Va,y (OnTop(z, y) A Red(x) = AboveRedObject(y)) (1)

SO ELHUN R TARRER), 6 ELITIA S MR 2, 5B RAEAL A SR LAE 55 10
AL VA ssHLIEIOIRRED [7777] .

PURIERE JIBUAL. EIAIZEI%E (GNNs) AIERCH BV B AL R0 15
SRE. E GNNs 7, S5 v ETILABE N (v) BT Tt

k) = o ( > wkpfn +b<k>) (2)

uweN (v)

XA SRR A5 B i, TN T3 55 IR L A (RBP4 [?
777?272227],
Ay, FT Transformer F¥ERE I AR J TS SR 2 TA) i AH 5642k -

Attention(Q, K, V) = softmax (%) % (3)

DB FE B B 5 AR IR AN T gk, JUHRAERT RN SRS B R Seh [?

www.xueshuxiangzi.com



XHFOR THAHTIATRIT) . Ty AT R 2 W AU . ENTH e
TR T A58 R GERHERR RE A ok A . A, TR BT AR L S 4
PR AR AN R VLA

3 DAy oSS

W 1 TR gy, LDy B0 BAE S5 1] LAY M TR T B2, BN TR A A E R
PRAE SRR . DUGESEBLRE T S E M sl B TH 21 - S B, I AE
G IRRESEAL K ZR . SN TR B ASH 7 PR o X BERE T4 TR AL AL
RV R R 2 2. AT, AR — B0 MR LG
L5533, XTS5 E MR X PO B X MESF 240, AR S A
iﬁﬁ%ﬁ\ﬁ%ﬁﬁﬁﬁﬂﬁ@ﬁmﬁﬁ,ﬁEﬁ%ﬁ*%%h%%ﬂﬁ%%ﬁﬁ
LR

Table 1 #LUARGEHESAR 552620, EAT Y RS AR ) MO ARMERIRAR I LR . (55 S
53 —EL HE: BARKHURER MM R EE, BTSRRI T AR E
BRSBTS R B R IR B

. o - Representative
Task Type Reasoning Capability Datasets
i ?
Relational Modeling spatial, semantic, and functional x;%al["(;‘v]engr;een[. I,
. ) . . ; 7],
Reasoning relationships among objects in a scene. Images V6 [? |
c stional Performing multi-step symbolic, logical, or CLEVR [7? ],
vgﬂr\pobl tona compositional reasoning to answer structured GQA [?7], VQA
visual questions. v2 (7]
Commonsense Inferring latent goals, motivations, and physical VCR [7? ],
and Intent affordances from contextual and background Visual COMET [? ],
Reasoning knowledge. Social IQa [?7 ]
Causal and Identifying cause-effect dynamics and CausalVQA [? ],
Counterfactual hypothesizing alternative outcomes under ImageNet-Causal [?
Reasoning hypothetical interventions. ], SCM Toolkit [? ]
. . SSv2 [?7 ],
Temporal Understanding visual event sequences, temporal I >
Reasoning dependencies, and action transitions over time Charades [7 ],
’ : TVQA [?7]

3.1 X:Z

K APV AR BRI R L SR 2 R A2 R RE Sy, BRI R (B, “hk
Ji7 RO DIReMKE (BN, CREET, C“HE7) RNE SR (B, e, 98
T7) o ARSRA PN Z LTSS B IE X RN (VRD) Figs A (SGG).

7t VRD A, HErZRREEMb R R2 =08, I “B A EHTE” 8 “IER T
o7 SGG Nlig A i —A AT B R Fm ok T X — i, B gahs T A A I R 59
EREMTZ BRI KR Sl RA LML (GNNs), HET a9
AR FE R4k, R3] TR sedbfotkfe (772 2] . 14 Visual Genome [?] . VRD [?]
A1 Open Images V6 [? | XA MERIED) 12 R . EENE, X EFMEEH
ki B R — BRI TN, OFEMAE R BUR AR A E 5 N TR RS0

www.xueshuxiangzi.com



JUEINE, FRTEY 5 AR HERERE IR AE S8 ) K R A 2 R BRI K R AR, 5
BOAAE R DL R R AL BRI, (EERAHE BIRA SO T BT SO se . e
Bb, K2 B R = o D RE SR T OB ME A AR TR RS, R e Se B iy . B
S AH SR 5 AR B 5 1A A HE S o

3.2 HAMRMZ

NAEIRE I EY R TARER IS AL, ZORG BRI T2 2l BIAAMREH
BRRER, MUAHIFPATEIE. 15 R HEISE#/E. CLEVR [?
| Ml GQA [? ] SR REERARSE L T T LGXLERE Ty, (4537 5 M & nid R
Wk AP £ O 22 AN BEAR 27 > O

B, Aif) “ZLES T ROR R S MR E 2 77 TR AR AR A
DERENWB AR, RSN ISR, )5 BGX R . Fmoiltiy kil
FORN AR M 4 A7 SR R A Ao [2 7], el il
UNAT A TAOAR e sl e ol DASH i ] R PEAN B R [7 7] o X (AT A
A VQA TEMFRENE . B B UL K32 A P 22 5 T B G R AR

RN, H A B AR 242 PR TR ) T HAE B S i B P s IR 3 R AP A
E EEIERAR, GMERETTCIARTE H AR BRI S, i,
AR LA E BN AEREE R B G B E AN 2 R 3 5t P AR S 4 ) B PR RE
W, X T SR A -5 S P Y G B R R R P 22

3.3 WM K HERE

—LUHEI ) U SRR B L (5 S I THE N, TR MO T SRR . B
Al . AT S BRGNS B L B A B A A She S R AR A £ IS AL
WEBRRITH . —ADRIP BT RIEWT— T EEA TR AR T RE 285K .

U Visual COMET [? ] . VCR [? ] fil Social IQa [? ]| “5%(da 45 1 4R /s i
RIENHL. PR R AR st 22 BN SR M UiX BE 8 ) o ST SURBIRI LT, AT
ST LR AR SR EONTRR A, (7] o XBERBAHERN TAEAA S 0
MBS BT R B . AR ROH ARG AR I H 2

JUFIUS T X SeE i, K2 B A 1 5 v A7) Sy BT 0 785 P A R 76 1) SO R
XN R PATE R st . USRI RO 2 AL DA R BRSE A s 5 b A 1 22 2
KA H., g5, BMETERT OB AN bR L G R, FETO RO . AR B
HA SCRAIRZE MR RS, ATRESMELAZ AL, XRE THREE L. Iy, BH
S Z RPN R SR .

3.4 AU F R

AL SR A PR B s e A 1 D TR DA AR TR 25 A S e wT R Al A8k . 5 3 F4H
FNEIBFR I EARTE], AR B e SR IR B 7 S S S . B — 2RI 455
ﬁi@%ﬁw“%ﬁ&%ﬁ?ﬁ%ﬁ%ﬁfiﬁ“W%%%ﬁ%%%ﬁiﬁﬁﬁ’ﬁ%
]

N FERX— 5, B CausalVQA [?7 ] . ImageNet-Causal [? | FlJj Z5554E BHEZE [?
| BOBR AL T SRR S 5 . R &5 R SRR (SCMs) (7 ] Flj 3
SRR R 1E FOHE 2295 Bh i i X 2 ¢ 28 . FEANGSE R 2Z 41, PRARHL T & ¢ 240,
EFPHERLE L. GAETE B SR DRI 4 SR e P, TR ERAR
A T T 2 AT AR KU

www.xueshuxiangzi.com



ORI, BT 00 BEE R S 28 (A AR TE SRS b 2R T, 2200 T i
IR P AR & AR R S RS T, Pt BRI RERA
%ﬁtﬂ%i%m@,@%%ﬁﬁﬂﬁﬁﬁ%é%%ﬁ%*%%ﬁ%%%%%ﬁﬁ%
L),

3.5 I HERE

IS [E)FEERE P K B A S S AT BB I AL T . AU TR B2 S ERIT .
SRS A, A& SUUREIAL R IR . I SUSAIAZ DR 55 AR SRR .
HEFF B0 DA K 1 SR S RO PN 28 P R T IR ) £

% Something-Something V2 [? ] . Charades [? ] 1 TVQA [? | iXFERYEHELE,
DA B F5 30T ) o o 50 T B s 4 EL ) VSTaR (7] LA T 52 38 3 555 f 9003 ) 25 )
TUMTraf [? ], BEHCERA KT AH0z sh R RN PR ROBAL, X7y R
R CSEPRE” SEEERR T RS RITRI SIS . O TEHIIL AT, BTSN B

B R P B ) o 0B A K T 45 P 00073 2
A RTINS TR, o
Tho R R A T B B EL A O AZ R AR . R BT R SRS I R DA T
SR PR ] 2% PO BRE L
4 Jiikie
DA P Lo B R 5 B A3l IR ST T B B . LB B R M AL SR
Ak, AT T S R PR AT B Bt AR MR IR
PR AT . 4 P 1o T 5 T B s BT sAL A T 90 T Bk 2
(FAE T BELE R LIS 2 R/ b BSE 75 1l 2 M L B 15 7 M 350 L 4
(HEA F TR TR AR i P E 5, (EAEFornt 5 RIS A 7E )
Wi LRGSR . ALGREL, EAE TR R H A B R

SRR HIRH, BT BTSRRI SR A B
S EE TP R b, 6 T OB B A b v e BRI 5 R
PR IENE RS R T — R, RS —RES R SR . MZsiE
PERVEHAL T ARRRE I 2R 55, IR T F e U2 AR SR S M Lok

ke 2 ST RFEMRIAL FERHE TR ARG HEPI RN 1 4505, B
JE B AR BRI AT T HORCIF S X 2B T 0SB 2R 5 K A B
Il R BE I YR A Sk 2 SO A FH AR AT, A bR A
FAbERTE . AT, R R A A KRS I 4, BT T 32 (3 B A
ST I, ELE SR A T ARORR VRN BT 5P 5 32 0k My T AR TR TRy
VMM S B A R | 7RSS & R MRE R T o th R, (R
E T e B OB L AR B iR 7 T 2. A A BB 2 5 12 LA 20 A
HREAI T ARRE BT , B O TR LA R A, e RS BIAE . &L 2
377 I ) PRI

TR RI, PEASIR TR 2 Mok [ B TSt A I,
IR ey, S MR A S A R, RIS 2], SRR
Egﬁﬁﬂﬁﬁﬁﬁiﬁ%zﬁﬁ%7%wﬁﬁ@%ﬂﬁﬁﬁ\ﬂﬁ%ﬁﬂ%%ﬁ%

www.xueshuxiangzi.com



Table 2 HSRHLIGE B BA RISk, DAEBIZERL, KR, B TR, MBS

37 J 4Tk A TR
Ref.  Method Type Architecture Model/Backbone Scope Application
[?] Neuro-Symbolic Hybrid Pipeline NS-CL Global Visual QA, program exe-
cution
[?] Neuro-Symbolic Reason- CNN + Symbolic CLEVR-based Global Scene  reasoning, logic
ing Executor tracing
[?] Symbolic Representations Hybrid Custom  Symbolic  Global Embodied visual inference
Models
[?] Modular Reasoning Controller-Memory ~ MACNet Local Multi-hop VQA, CLEVR
[?] Neural Module Networks ~ Modular Neural NMN-VQA Local Neural compositional QA
Network
[?] Modular Pathway Rea- Modular Architec- Custom Modular Global Visual scene parsing
soning ture Nets
[?] Causal Reasoning SCM-based CausalVQA Local Counterfactual visual QA
[?] Causal Disentanglement SCM-based Meta-Transfer Ob-  Global Learning robust causal
jective representations
[?] Relational Reasoning Graph Networks GNN-based Local Visual relationship model-
ing
[?] Scene Graph Reasoning GNN Scene Graph GNN  Global Relationship detection
[?] Graph-based Explana- GNN Custom GNN Local Scene graph explanation
tions
[?] Spatio-Temporal Model- 3D CNN 13D, C3D Local Video reasoning, action
ing recognition
[?] Spatio-Temporal Trans- Transformer TimeSformer Global Space-time reasoning in
formers videos
[?] Temporal Attention Visu- Transformers Custom Video Local Attention-based video in-
alizations Models terpretability
[?] Commonsense Reasoning  Knowledge- VLMs Global Social prediction from
Integrated static images
[?] Visual Commonsense  Multi-modal Net- VCR model Global Social interaction infer-
Reasoning works ence
[?] Knowledge-Enhanced Hybrid VLM + GNN Global Commonsense grounding
Reasoning
[?] Knowledge Integration Hybrid KB-integrated Global Knowledge-based  visual
Models explanation
[?] Rule-Augmented VLMs Hybrid VLM Global Explainable  rule-guided
inference
[?] Logic Programming Inte- Hybrid VisualLogic Global Formal logic + image
gration analysis
[?] Attention-based Condi- CNN + Language FiLMNet Local Feature modulation via

tioning

Module

language

4.1 FFS RS
FFS MO T B . 5T U HEER R T 25 L e

N, BB T

WS EOEE. BT ERRHEAETEIINE, POSE B PR T ARV A s 2 A
Bk X EAFENRERIE G2 A E TR A SRR S SR, A5 7 R
KT, S RAFRYSI A, I B R JCIR RN B B e 40 A RO M R A
MR T EATHY AT 7 PR B

N RUGXEEAN L, MART SRR T 2RI S HERE [7 2 2 ] o Al 2

B, M ARR I FL bR K 5 5 P A IR o P O R
G, FEURRLEMRITRRF £ A S BRSO R BHRT . AR, RIS

SEEEY LR T SRR, DV B0 B 40 8 25
O

RXAITER— 7R

&) (NS-CL) [7 ], Bl BRI EIR Ri AF5 0 4, IF

www.xueshuxiangzi.com



RGN A S IATHR SRR R R AHERL . X R OHAC 4R CLEVR [?7 | R
gkl BRI 0, SR T R R SIHZ AL RE SR AT AR

X VRAE I B . AR SRR AR AL B I oA, e P Rl A
FE R RHEEN . AR, BN ORI RN T TR A= i A s 3 58 2
T BT S 85 S B B R BRe:. AROR BT OR8 H R AESE A (LA e WL ¢
%ﬁﬁ%ﬁ?ﬁ%@%,M@Wﬁﬁ%ﬁ%%%%&%ﬁﬁﬁ%Hﬁ@@@ﬂ$%ﬁ
Z A 22

FOE R R T R ISR AT S AR, WIS REAS AT BT 16 FE AL AL iy ] i
R (7], ARG SRR G M A 245 A A (7] o HABTSE
A RBGE-1H F A (VLMs) MEIREGAE AT 7 st R |p 7 7], A
/0 1 TR BRR RlRAAORE . SRTIT, 7R EAUAERS N RFT ST, X5E A
MLBERNTE 5 P > B 25 18] A SRR e 31 JC SR T AR N, D3R AEDE
o — ARSI R R KB SRS A G, ARG SURERS R 22
IR NS, IERETSHERL I K A

p
Input Image Text Question
P J W xtQ ! Text Question

ared cube to the left « o”
Is the cubered?” | “Is the cube red?”

of a green sphere

Program Parser l
. 80 |
l

Converts question Reasoning Module
into logic

( o . b\
Object Detection Converts question

to logic program
Scene Graaph Generation

Reasoning r_J
Module ( )
(35 — | Answer Output |
Program Executor |
\__ Program Executor L ) | Yes, thecubeisred. |

Figure 2 S5G LMY S A TIN I 24T S HERATIE -

4.2 JE T30 RME e iRl

PR R Z ) F) 5 AR DL GE R ARAS o o 28 PRI R 3 e 0y R B4 A S L2 i g ke
Sl 2856 2R Ak . HE LI VAR I 2 4% (GNNs) . FEIVER )M %% (GATs) il
KAMY (RNs), X7 RiH 1 R H i R SORE B SC B AR

WE 3 P, — SRSy —A R, M B R (Bt Obj A-
D) =g, 1 (rell-reld) FORBON KR, Wz, &G BAH.
RAMEPLE I R RTT, Hrp Ay Rl 3R Aok H 2B r A5 EA W . B
o, Obj A m[Pl@id A — B — D fil A — C — D PiflEAE2 it Obj D HERE
ML o Z BT 2N R ARG BT st b4 . PR ACE R BN Z Bl
T ESFALSS , HE s TR RS .

ST IRART S, (BATAE NAERY SR R . A BE ™ F AR T 0 G I
RAVERRGEE, — BRI FUL 5 il , A5 A gURa . h T ERE %
5 BT AR I, &SN OORB Y37 5 8 m FE S R 5 SERAE . il
T EE S SRS R R ARG . (TGRS F B KRR, A

10

www.xueshuxiangzi.com



L gi e B R e 2 B R R R AR AR, TG LR . BRI TE T AR
WEIT % T ERALEA B RS R AT, DARATF B TR 5

rell
Obj B rel3
reI2
rel4

Figure 3 I R-XR R0 5T R HfERL

4.3 PLAEP I PR HERE

%%%WM%H%&*?%%W%@,ﬁ%ﬁ@%ﬁ@%%%ﬁ%ﬁ%ﬁi,M&E
AFETE FESRSWMAALE [2 7] o XAERMZORGHPERER (SCM)  [?7]
EE%@%%E(DM%)*ﬁﬁﬁEMW%%g,%H%%ﬁﬁ$ﬁﬁ&$%ﬁﬁ
WA 4 FR, Wl (AR /AR S) IR OBE R (0, BuE) rIA T
TIAAE ;s INHAT S BT, SUSRZORFRMER, HREiER i
XA 5K T A A I PR A A P v £ 43 P B A T RE

FEVREAIE T, #40 Causal VQA 7 | SEERAENSE I LRV A SCM U, ff
DR SRS 5 DL RS, T S R Se P RIRCR . HA D i B TR AR Y A
R TP Lk R (BT S B S S, DA TR A RO U 8 b g AR 1
WUz A TT I, WA iR/ ME (IRM) o USSR pl A 4, (HE AT
B2, RWEBIRIRZ N 1Mk = PRI PR, CLEVR-Causal, VCR-
Causal SFARIERLMEZ G0/ SZBRAY, I HERZAETFHC S PR EAR A AT R . A
EUPUBHERB S BT 55, 2R 2B, 00 s DR AN 22 F T Tl
FEPATAT AL A%

AN IRAT A BT T8 LR R LS B B R S & A SR Se e
FE T i A B B I i A BOSPRER (G R, Sl Tk — s, PATE R TEAE (R
T2 4 SRR R 370 5 Rl EA T AL A SRR PR

4.4 BEHYALHI - HER

RREHRAL AL Ry R B SEHEBRAT: 55 Xl 73 B 5 B 1) 0, A Pl i —A>
LB A . X SRR i B R P 2 SR, AR R R B A . A
XA, B G AL, RIS R (7], XEHSTRAW
12 25 BRAEBEAN ) m] iy N AZ BRI 55 ST EA S

— M LRAY T2 MACNet (7], EfH— A Bz m s )Efilas, s
FAEAR S F) DAL 1 ) Xk 1, N?*ﬁ@“iﬁ%m%ﬂ?%%&ﬂ%ﬂ
FELLEI?T XA CLEVR KA IR, 55— R 2 A ar T iR, ”‘%Aﬁ%ﬁ
SRR R KRR, H= %AWﬁﬁWéE@ M — 25 ] 4 44 PR A
AR Y — A B IR B, 8 TR L AR A T AR A %TMMW%

www.xueshuxiangzi.com



Cause A >

_influences
Y,

Figure 4 JE T2 HREIR (SCM) pi [ 5 B T BHLUSE A 45 Th i 2 AT

ZAh, IWHEM B E M SR L (7], R E ST BB b R A R AT 55
FEM LS, DABGCIZIGR B g (7], W DABR B KRR TR AL S 15t Bk Sl ) HE 2

WEAE 3 s, LB EESRIAEE (Flan, CLEVR) %2 Blu m & 2 i
SeHEi, TAEUBE A ST IR E) Y R R N, S e T AR R AR R . 24
SRR MRS AR, B Al 2% B A B FEPERE , T TG W P A7 R A A 5 5
T T REE S S . ARERIL A . BRI R G B T R, (AHE
BRI e — ). AEHefb R G0 o T B N ORI 0 B s R e e, IRt
SO R AR 2 . BAh, AR AR I 2 R 5 B A A AR 2 R £
BB FRABFITE R R B AR S50, DA R e i AR 15 5 52
B, ORI GRS E S AR (B0, Flamingo, BLIP-2) fE Ay Al Al
BTW . RAA—A T T R AL HE P 55 PR R & PR R B R ) e 45, Pt
HABE MW A Er, PAT A 2 o A B R B AR L A (R BT 55

MRS 3 Al AFH, FEF S RISz AL AT 55 v, AP S b 28
G SR, T R AR AR R S A SRS, IEEEE B PRSIl
PSR I, KRB AT R -1 5 B E A e I T A o

4.5 LS

WM 2 F1 3 PR, FFS IR R R DR A, (B SR LA
MR T RGN, (AU TR 2 IR AHEZESS AR E R, B
AERE AT _ EA T BEHHE PR T AL A HERE, (HAEAREE LRI P et
B2z, HOltPIBFER], BOREE R R A A —— B, R AR A
PASERE AR, Rl 2 B AR e de 0 M) R B B -1 5 AR 7 S il

FENE, HATEHIELAT LA (1) BARFSH TR 208 I 1Y 85 1 U A
K (i) BETRCRY RIS, DLCRrmi . IRy R A DA (iii)
ARG BLSER IS EIE T DAIZ AR S B IR, VRO AR R TE A BT 5 1) -
?ﬁ%#ﬁ%ﬂ?ﬁﬁﬁﬁﬁ\ﬁé%%&%*ﬂ@ﬁ%?*ﬁ%ﬁﬁ@%%%ﬁ%
4.

5 PFAh
A SEAE PG 2R AN AU Il ) TR s B R AR AR AR B 25 0 T Tt
A TSGR SR . A SRR ], R ) A 4 2 A0 BRAE R

12

www.xueshuxiangzi.com



Table 3 T ARIZS.

SO HEERIRAY . MRS AR B L S A A T — HURE

Input Modality

Architecture

Reasoning Type(s)

Core Task(s)

Representative Models

Image + Text

Image

Image + Video

Video + Text

Image + Question

Image

Image

Image + Scene
Graph

Video (3D)
Image + KB

Neuro-symbolic
pipeline
GNNs,

Graphs

Scene

SCM-based
causal models

Spatio-temporal
transformers

Modular
works
MACNet)
Logic-based rea-
soning

net-
(e.g.,

Relation  Net-

works

Graph Attention
Networks
Memory-
Augmented
Transformers
Knowledge-
integrated
models

Symbolic, composi-

tional

Relational, spatial

Causal, counterfactual

Temporal, causal

Sequential,
tional

composi-

Symbolic, rule-based

Pairwise relational rea-
soning

Hybrid (symbolic + re-
lational)

Temporal, common-
sense

Commonsense, intent
inference

Visual QA, CLEVR-
style logical reasoning
Scene graph genera-
tion, object interaction
understanding

Causal reasoning,
VQA under interven-
tions

Action recognition,
temporal question an-
swering

Multi-hop VQA in

synthetic scenes

Visual program execu-
tion, concept ground-
ing

Comparative QA,
Object  Relationship
Tasks

Entity linking, seman-
tic relation inference

Future event predic-
tion, video captioning

Social reasoning, in-
tention prediction

NS-CL [? ], CLEVR-Hans [? |

Visual Genome GCN [? ], Mo-

TIFNet [? ]

CausalVQA [? ], SCM-Vision [? ]

TimeSformer [? ], TVQA [? ]

MACNet [? ], NS-VQA [? |

Neural-Symbolic Machines [? ]

RN [?]

GAT-ViG [? ], GIE [7 ]

VINVL [? |, MMFT [? ]

Visual COMET [? ], VCR [? ]

RAGEH, B2 PR R — X R B B A5 M BRI I T T o Y PP A
IR RS A TR, AR REI, X nT A PR B ) S
RE G S AR BT A A

N T RS, FATRA T = R
o DREIEEIE BB G, ZBAEE 4 AT 55 EA A ARG
o SR TR HER B AR — ECH ] R
o PERARMESR R RBAUR LR TR AR, AT IR & 2 RO .

5.1 JjRepEst
DRV AR AR WA A . S EREOE BHERIAE S5 h 2 A 7 A IERI I . &
SRTRTERL R 7 00 FT AT AR VEERR PTG , (S PR At ) 5 7 2 G0 T 5 PR A e
FHIE R R HEAR o

B CLEVR [? ] F GQA [? ] WIBRHRA T2 PHEBEOR, SCOL T 400k BEAY 4
AT LIRS NLVR2 [?7 ] fil ACRE [?7 ] BIA T 2GS s, A
IASAE 73 A1 AL T I B .

— MR R AL A R I

Correct Answers in Novel Compositions

Accurac =
Yeomp Total Novel Composition Samples
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» BT B BB A R WAL AR RE KPR — Mrd. BT
SRR, EEVERE R RE M AT (0, RIS REHRIE. W
IR, TERIRERE 17K T BB n] A REy DL -

IR, BUA B D REPE RS PR AE A N T s B4R il i PR e AR, T RE e fliAE
HF A PR . KRBT H A RIS 58 B BT PR L e 22
FOFRERE, T2 A Mz AR OCTEAT FRAAR SRl N A T34l . R, FERLrESE A& BIR
PRI ESE RE T RETCIAAEA A ) H AR OU T AR HERE, X R 20T &
ZRACEST PP, AARBR RS RS, VA SBS Gz ALt

B TALRAZ AL, PBETEAGIE AT DA SR TE ANHER AP R AR 2 S, X e Al
T YEEE T LA T R BRAGEL B, VAR SRS — SR ), AR A T F w1
SRR LR ERE AT Bk it AR R — Sk . BT SR R T B R ARt — AR T
BURHZE R T YR B, BIANX SR . TIPAF MBS E R, R Ho i ve-if
MR . DIRETRPRROVEREAR B R AL S R0 - BB, PR SERAE P AT DA 1ok it
R HERG PR L PR, (B2 Bk & U 55 75 208 40 B4 IR AN L0 AR R A il
By, T TFRC /B S AT 55 W 7 B S — B AN S R M R . IR, X LRt
VADNREIE VI JE A S TE R, TR — N SAL M R BE I ELEIR, BN RE
#hfE s T AL IR AR SR AN [ 55 1/ %5

5.2 Gl

T RESE i R i 2 am t , SEAPPAS I S MR AR 3R IR B B AR A5
AT 2 ORI AT B A WU AP BRAL . X TFFEAR A PSR, WER A 355 e alopst
Beigsl, PABIEI AN AR S IUNROHER AR — 2. Blan, XPTRET R BB, mTeA
A T AV o R Al T 370 5 P 5 EL SR A — 2,

_|E1N By

GraphSim(G,, Gs) = By U B
1 2

()

o o By R By g3 ISR T B RN 225 R 4 o B e 4 20 A B e 4 oK AR AR
SRS AR, ) MACNet [? | SXARRYZER A RN 2 AP BRI BEBILIE ,  FeifFoPAh
DA ARG 2 A5 PO A2 U AR Y . B T2 5, SEPEISE 2 R3]
BRI RO SEE  BURB A SR DA BB X 07 vk, B AR P Xk 5 sl A s e 4
Fy (2], XSt G I AR B R i m] R

FRITIA AN T T S5 AT T R . 2 BSOS B Rl L — 1A S R h i
IR R AEAN RS ) PRy — 2. 2 3B — Sl MY R B s A5 A TR
R AL BRI AR, TR T R A R PR E BT Be 5 | A3 i B LAIS Wi i A T
N o AT ) SRR A Al 00 3 (R 5 M AR PR L B B R LA 3l T iR E A
MG HE B A 2 A B BT AR M S5 1

IR, RIGEA T PR A X2 A %, SEHAL R BT IRAFAE I A B R BRI . VR JE R
TR B, RIS SE TR W Y s (BT o L S 5A) RERS AL,
SHBA B AR, T X —BRAE S BR P —E L (7] o FERIAE AT ATEAR
AR R DL s, SRR R R AN e B LAY, i LR R A A
R ET RN RO PR EARAR . IR SA BRI I, maii 80T 6
RETHHCBEFIR A —EE, MRS SEPRRHERLRE ). T WX — A, FRA175 %
LA G IGAIE S UK AR A 18 37 SR A T B i X R, sk
M F LAY REVEAL , 456 PR AR PR 1] B BR S BR IR @ AL A T AN 2 (B K
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5.3 PRk

DR SR PR R AT A D R B i e AR 2R e 1 RS AL B L el L st
AR AR AR o 5 M R STV PR SR A B L B S A R 2R 0 19y S Bz 2 H:
BRI RO LARE ST . FERRMAINGOU T, PRIl E PEARAR 5 i) PR SRR 2 5 T
PATEA AL 55 s ATk 2 () 1A%, AT /R BRI R T, AN 2 5 53R
B A .

—AN T TR R RO, (ACE):

ACE = E[Y | do(X = 21)] — E[Y | do(X = x0)] (6)

; HEAL TR AR X N w0 WCEE x B, GPR Y AR L.
A KGRI R EEAY, (NDE):

NDE = E[Yx=1, m=Mmx_,] — E[Yx=0] (7)

o Ho M ORI AR, G AR R B L R SR

IXSEEAREL T A5 M R (SCM) (7], E RN TR se e, 4o
CausalVQA [? ] 1 ImageNet-Causal [? ] . & 5 BT —MHEHRILHE (DAG)
[1)%F (Banana — Step — Fall ), SZRpTFHIAIR FLA;]

[ FE B — R R S F e — B R — A B R SR R g el AS s, B2
At Y R R T . B0, FE—A “UR A, BRI RE Y 2 SR T Y 2 AR .
A EEWESEN CLEVRER [? ] $24it T 24548 /E, ARGHIGX —f@tE. —L8R
B EE AR A 5 | AT (BG4 ), PATPASAR B 2 75 RS 1E R SRR
3 5 2R it 2 )R] A AR LA

SR, G B WINE, XSRS A = B AL R SR R 2k, il
PRAEA Z BRI EREE TP R A — DR R PL B R . K B SR APAL L R 2 A 1)
B s AR AR, X st B IR U R R, AR DB T BB AR
FEIGAT S5 R BRI . TRZSRI . AR5 i LS R SR S5 4 1 o R AN ] R
B, R X Sy i HRB AT 6 2R B e, X W] BB &5 KA BUAE AR 2 P8 I TP Y
ZALRE T, BUAN, TEEHEE R T T O ARG BRI AL T BE & R
s | AFH K22 Al I v B S AR K1Y d N P =Y O R e G I b 0 sy
HUBNE, MR E IR R SRR, X SERR i 5800 T 24 4 BRI AR AN T T ME Rl v
S A R SR A T 4 R R P R K
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~

Figure 5 {CRUGEKIMMEE DAG: BN, F# — HTF — KA.
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B T HE R MESTEZ AN, A PISGE I IE S — B, B — A R R AR
W UE, RALREBEIER B IEHTUN? W5k 4 Frigh, o —HEERE i i
AR B B R . DI REPEIS M S 4 R A IERR P Z5MPEPPAS PR A N AR L
R PR Al S5 AR 0 B IE S PR ARAY BE T o (HIUA BOREREAE AR o T A O A
P | AR BRI ES Y S OR 52 B i A2 AT I8 8 — AN R e )
%o§g7éﬁ%ﬁ%ﬁﬁﬁ%ﬁﬁ%i%%?%ﬁ%%ﬁ\%mﬁﬁﬁ%m%%ﬁ

[T

Table 4 LR RITAELE A TERR

Evaluation Type Representative Metrics and Criteria

Functional Evaluation Task Accuracy, Multi-step Reasoning Accuracy, Compositional Gener-
alization Accuracy

Structural Evaluation GraphSim (Graph Similarity), Attention Map Alignment, Module
Trace Faithfulness

Causal Evaluation Average Causal Effect (ACE), Natural Direct Effect (NDE), Counter-
factual Consistency Score

5.4 AENGE—HERLPFr

PEYET R AR BT WA: WU AR RS M CRELRE T RE 2 A FEAR ARG, Tk
A D REMER PR A AR PR AL 2 vl RE RIS W AT (EOR AT AT HER . AR VAN 75 22
FemZ U AHERIS W, HhIhRe. SRR R B WP T, PASE 78 RS RIS -

ARREAPRENERRIFFE Ty 4 (1) WEAESAM . ZRESHERRE, AR
RAUEMIR S5 (i) ME A GV IPAEE, HAR S DA s GE Y, PAK P TREGE TS
Aaii; (i) Sior TR e (450 /RIRESENE) SUIZRE R, W RBHEER,
DAZR o TR P A ] AR -

6 Prik A

JAE N S PR D RTI4TN FEL S A LS 7 ) O
PR SRTY R, ATRRREIE . T2 ALRE R A SR RIS SR e B R B B B 1)
Ao AEATTH, AT TP B, AR T AT RE B e 2 B 58 K HA
XS FE RGBT 1] o

6.1 n[y Rzt

R BISEHE PR T ST IR0 = 0 FER A s [ SE e S A, PERES TR
MR RAHATE G L s ST RN, HUnbLas Nk shisis 7 7] .
BeAh, e CLEVR (7 ] SXRER 5 i B IGO0 o xE AT 2 B S8 st
PR A I 26375 55 P L SE R 55 1428 AL SN Z A AN ] 0 o

iRk 8 ) T T A R T 7 e SURERAG R A o Siclfe Y %5 ) A4 0 2 PR A 1
8 Longformer [? | XFERMBNAS IR A tA, LA Bl IR IR] A AR 1 3 1 1) 32 2 >
HEZR. (R BEAY R e MUz AL RE Ty, DA R REAS I S A it S B T4 AL T T 75
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AT 55 BRI RROR AL . SRR EAIRBERARIGE, (ERTAETF A
PRI P R R R T R K

UG RS e, REH Al " s “nlizAL” B9SRA IR HAE 24 iy B ok
ATV EIE, RBETEA Z AR ELSC T U st — B ekatt . ARBiyE R A= Ak
BT AR AEHERG E ST A RCR 2 AT AU, SEE P BRAERRE B R e BEAh,
IR A SR O T R A 5T, L T R SR GG AT 55 1 SR B TR =R AL
o TEANRUGXEERPLICA TS DL, H RIS R AR Ly SR BE & BUS AR S0
FEHGT PR ATEE, (EAETT RO RS A A AT A

6.2 RAHEMEA
AT S HERES & T 40 2 BTS2 8, O ] BRI iz AL i) R GEH R T BRI
SO(P7TrT ] XERARI SR IR A S OB R M AT SRR R S R AR IA
TIGEEAR . IR, XFNEE A IE T SRk BEFORIAR B B AR IR X
PABA ST A T PE U REREL RS T2 R

TEIXANTT [ WP 5 EAE AT BEAT BB . — U BT 5 AR 2825 e
WU T SCES R T O A5 5 1o i — A e b ph i ARE AR 2 18] 18 X
XFFF o XU S P 5 AR PR B e AL PRATUBRAE AL AR EE B AR RS RE il il 45 &
HMERFNRPESZ 6, AT S BB AR Al 2 A HERRRE T -

JUEMBRFSITEPORITN “—2 P MIRGE, (B4 RZHERSCIR T IA Y
JER T B M B, HLE R O SRR B AL rp R B . FESE PR
RRFT I R W P B A B R OE B A S M55, T 22 s ) e B, AT
SR MESCH RS IERS, A REIERMERG %, HAh, E3hES. SRy
FF, A TR AT ST 48 _E RS BSAS T BE R i AR P A i ik 2R
BATEARGS L . B UERY R DL R BEAT 2 I, Pl S HERI AT RER M SRR IR Y
WFgchrarLy, MR B R

6.3 FEUEMRT PR PE

VFZ ]2 B A B e B A PR BN AR 3 Y BAE h PPA R RE ). CLEVR B4R
HA AR, HEZ A8 24 . GQA Al VCR 4RHE T HARMEG, (AR
@ﬁ??%ﬁ@ﬁ@owﬁ5ﬁﬁ,ﬁﬁ$~%%@%%ﬁ%@%%ﬁ%ﬂ%ﬁﬁ
BB A

N T HEEX 4T, B eSS S PSSR AN AL A, A ARSI AR,
SR WE K ZBESEA . BB RITERE, G0 PR SR, d
S BAR B VER S AT B R O TRE (77 ] .

U145 R SRS BN T A AR AT RE ST 2 A iCER S “BRHEGFR” ML RO, T
ARRAHEREAS & . R Z BB A2 R T O e s, S o mA
S EEMZ B PRAERL. BUOh, ARABFEHERL S SR i SOA Bt A7 1R WL R R 1
FUE B TCERE T, T BRI 23 . AEXT UM i B v X 2 AR S
BEAWAAZ B, PSEHERRBFE ] BE 2 DR HIAE— SO h, SIT i FAE 55
AT
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Table 5 :EPLIEMERHEIRA HTS) . MEMELRIE: 26 (8), %6 Oh), 86 (7).

Dataset Relational Symbolic Temporal Causal Commonsense Supervision

CLEVR [? |
CLEVRX [? 7]

GQA [77]

VCR [? 7]

Visual COMET [? 7]
CausalVQA [? 7 ]
TVQA [2 7]
ImageNet-Causal [? 7 |

SSv2 (7 7]
VQA-v2 77 7]

6.4 gHliE

ALBEHERE P ) — A~ EEGRTUR MO SRR, BIASAL . X QAR IR P AR .
fﬁ,?%W%@ﬁ@ﬁ%%ﬁ,ﬁﬁﬁﬁ%%ﬁlﬁﬂﬁ,ﬁ%ﬁﬁ%?%&ﬂﬁ
Nt [227] .

BT R T T AR 55 B A B ATHEeEST (7] L ST AT M
AR THERAT 5. 4 BLIP il Flamingo [? | ARG IE SRR E &£,
R PRSI ] DA B D BOAR R A T A5 A AR . AR —A> K H A2
TP R REMIBIEE IR (ANl SCRROBIERES e ) ey > Es (LR, I SELEs 4
B AL . A RIS TT R AR SUREOE TR S A 25 A BB ARG, AR
PRASCAS F) 5 TR R

SR B B BRI T3k, HFZBA R CSIRET BETIAK
T BORCAY S B, B, RS A A ke KU B S T P Ry s 281 St
B ARFER RS . X ECT PRSI ALRE OB AT R UL A T I
SRR TP ROVEAE R L, AR PG FOEAHERLAE Ty . BEAL, FESSHTE T A PEASE AN
— B, B AR 7 R B A E S e U A SR . SRR ELE A 55 RS
JRRF) T M TP AR, XU AT RE & e (i AR A U BT iR e S 1

7 Hik

X T A [ T A B HEE R AT T SRR A SR B A SIS R RO HET , (5
TREA T WAL PERMFE RO, IR0 TENTR RIS, Bl
SEAIPPAG P o FRATT IR BEREAN DUROBE T HERR I , SO MR T PPASHE L AR Y ] AR
IR RN RAETE IR M 2% i RS HE QORI 25 A e g 0y T U T b, B
METRGAE Y L. WIS ARz A . PRI SRR R . BRHERE TG
I A Ao i Mt ) M55 7 T AT T s S BBk . MUV AR, 24 )i 2 HEIRAT)
IRZIRTBLMEIA, T 0] T AR . 2l G DO, e 2 IR R R h R
AA BRI ERNE, ZrOlX SR, 752 F RS HSEE . PRER AR IS5
PERETTE, VAR R GE R I 55 M A ST SR, e AR SEBUR DAEZ REAL . TRt S A
TR AR IR ] (A TR AR A

8
EEFER
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8.1

YEZFI T @A Ayushman Sarkar: {HEALR2ES TR, Birbhum TREFARZ:PE,
Suri, 731101, FEandids, EIREE,

Mohd Yamani Idna Idris: JFEHUR: S5 B ARG, Dok K2, FHES, 50603,
TR PE .

HPRTE RV R SR R BAALRL2E 515 B R BE, 50603, thok FEl,

8.2
WINES @R FIRTFE (yuzhenyuyxl@foxmail.com),

8.3

TiEk Ayushman Sarkar: W55, ks, 85— 5. 85— 5[ & 4ifE. Mohd

Yamani Idna Idris: 85— 7 & 4iiE. Zhenyu Yu: M &1k, 5 —FH 5 & JmtE.
VR PRI A S5 Al 2 .
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