I;E;Qfﬁfrph LEE  2HREE 5% 4SRRI 5. BRY RS B/ AR S /YouTube : FEEIRTommy
SR H

¥ B—{EE : FIREL AR

ThinkMorph

RESRSREPNAS BEREHIZNRIRYE

BI19224,990 1 S RERBHEIIEIESR, HNRNE—EEREBRE R E=TrXRIVBINEN:

RRIROMRIERE BERATH ARSI R

“ ¢
34.74% 85.84% 24,990

TERERFH = (B SRR BREER

1LHE

7iE =]

BN EERRAYBSESHIBIREG, XAS5EBZHEM (isomorphic) MET, SECZHEEATEMNEIE, HAREFREEH, A TEMALZHNZS
SR, WATERGMNEN AT (complementary) AR, HEHHIEIEITE,

EBAE

EX5IAT—1#R ThinkMorph (W —1RE, ZREE—PMESH24H5 1M ERE. BOUMAENRS S5 EESHREN RN DHIESE Li#iT
WiE. EXMAER, REEBERXATEGREN" B4, ERXAEEMIRREEFHE, XRASABRLE.

& ThinkMorph BT 28R sxEn S

I8 4/4 #RED - ERHE

What is the color of 4
the man's cap? @ NEREEHE
the man's cap is gray, so the correct answer is C.
C:gray v Gray! .
v Answer: C 2 3121788
EF MR STAEE, BESEREER,
<think>......The red bounding box L
should be placed arou® the man’s
head and cap....</think> O - Rt
B N v AR + MR EMT
] Mm S v ESE RN GOFE, HA)
v SEBEREIMEE
<think>... now
hlghllghtlng the man X
o BERREE e @ MERE =
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Q @ = ERGL T
HANEF XIEH DB SR, HENMRIHERERRER,

J HEsE
ThinkMorphilid 3§ A-M AL IR, AIMRZILIEFERE A E(gray), WFERC, RET 7R EANEPEIMERA AR B IFFMI R
Bz (OI8RRE), BBEIZARST (MARE) SHAERESER,

* B F ThinkMorphieX #Visual Search(FSHYE SLE 4 E T
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31 X5 BHEHERZE

ROSRHE . MER— RS R EIHE

BRI BASE(COTMER I AKEIE, ThinkMorphSEH] 7 A5 B3 1 R ——E A ZE" L3808 (think-and-sketch) B BE
B,

nl E=61: BRREET (BT Figure 1)

Figure 1 B 7 RENINGEIRIIZIT B, XBRT ThinkMorph B TETRFE.

Interleaved training data

Q <sT> Text token _ Text token <ST>  <image_start> Imgtoken Imgtoken <image_end>  <ST> Texttoken A

Text thought 1 Img thought Text thought 2
~__ &= AN e ¥

0 "~ etemes o

<ST> :special token e :reasoning progress Q :question A :answer — :MSE loss — :CE loss

Figure 1: Design of Interleaved Training Data for Progressive Multimodal Reasoning

1 WA Q: —3ETERE
2 ZF—¥ (Text thought t1): X%
BERIERERSAH TS D, IFREIHE R RS .

3 %4 (Image thought v1): MEIRME
REFE <image_start> 1 <image_end> ZEEREIR, OKEIGIRE L—H A RIGER, WEREAHHEE.

4 =% (Text thought t5): WIF5IEIE
HEMRECERNER v, ETRONRIESSETFHE, BLBUER,

[ biwig: T = (t, v, t) BWRR T XENEGNETEMME: XEARMLMITE, ERARELNRIE.

L ERAEX

F—ZESER ZiESa BsIR
Py AR R4 XA S B Q = (', Qi) m; € {t;,v; } XAHER
REABHFTIER
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QT
RGBT 7 Fff token SEIUES B TT4E )ik :

[/ EREIR B4R
XAEE — <image_start> — E{&tokenE% — <image_end> — HESTAR

AR BETE R — 2 BT PSR F TS A B RI5E 1%

¢ XBEER
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B, ER—THEBEATERESRSEENSIE.

TRENENEERI G EMUARE S TR &6,

SR FATRNNEREE. FENRLERE

D RENHEERNE A FHE R,

EXEEEM
RETEEXNARRIR. HIMSIRT(ESE, BB, ERMbERENFEERMREIINNREIRIE, XRPIER T B Z Wit
RER, MEREHEMSAREFRITZENF.
CLE T ZREE D B AGE S X T
1. KMEFRISR (25th)
Bagel 21 /B BE N IEEIIETNIIG, RERFIN ZHXRBMAIR, BXLEENBIZHN. REREN RIR",
2. REARA (3457)
RAEMCAHIEIESR, BRI AR DA K G0l iE X L i R e R AR S T RTRRIB I8 HE &,
IEXE BB
Multiple bboxes Motion Forecasting Perspective Shift Crop

| Is the blue mask on
the left or right

The image captures a
woman running from:

Is there a knee visible in
the image?

side of the black
mask?
A: right B: left

<think> To determine where the red
bounding box should go, first look for the
faces of the people in the image...</think>

<think>...it's clear he is wearing a blue mask.
The other visible worker, positioned to his
right.... </think>answer> left</answer>

A: Back view
B: Side view

—_— 0

<think> ...I need to focus on the perspective
... it makes sense to highlight the area that
clearly shows the side profile, such as the
alignment of her body, and the profile of her
running form ... </think>

<think>... In the edited =
visualization... showing

her side silhouette, the

alignment of legs, and the profile of her face
in motion...</think><answer>B</answer>

A:Yes B:No

- O

<think> ... to highlight the visible knee(s) in
the image ... the manipulation involves
drawing attention to the area where the

knee is visible ... </think> W
<think>... In the edited

visualization, attention is ‘ ii

drawn to the area where the thigh meets

the shin, which is the location of the knee.
Both individuals have their knees slightly
bent. ....</think> <answer>A</answer>

What is the color
of the telephone?

A. green B. white
C. orange D. blue

<think> ... the red bounding box should
go...The bounding box should be drawn
around this wall-mounted dewce to mghhght
its color.. </think>

IEd

T
E _l" E
1EE

<think>...The object’s color is a distinct
orange...as shown in the highlighted region,
Is orange. </think><answer>C</answer>

Figure 4: Examples of More Unseen Manipulations

Figure 4: RIS RN B 1RIZ TG

75 1: Multiple bboxes (2115 1E)

EShER: AEeNSEEEe0ENANERAM,

MERE: RRERESHTOFRENTACER, 2RERTTANAERRUE.
B EE S i E R

5] 2: Motion Forecasting (iEEhFil)
SR AMEGRPHRFENESEMRAHEZNEAHAEL
MBI EMAHRRYE 2B RRIMIEEEE . REERX T mARAEEE.

B REGERRIE ERET X—hSHE, BEERRREMFIENIRERT (WEBER), B TEHSMERA.

Tl 3: Perspective Shift (EiiEiR)

ESHR: RGPS NEIIRE

MR BEEHREDNARS NEZLL (BREUER), B3RS RIIEREIL,

BT BT EEXEMEEEMAIER ST, BB EEMNIFE BAEPAIH TN RAREFIIE,

{5 4: Crop (&5

ESHR: FErRENEE (BB, BB, BBRRER),

ARRT: ER—THEHBATIEERIEXENER, BMENZIENEEIE.

B ERBERT T HEBK NARIRE, BUARESRENTH, BIEOTFRERS. HAXKBRIFGRBIADAT.

FZRRE T "R AR EARRE N B, MRBEAMBNES T REWiZEA M NEOHTIE.

4 Q@ BHERAHR

STURIERINETEN R, BM"SBRERTE SEN 2N EMDFIEERIRENEIEEZ L.



EX
REERNEEXRENDHEBEE L#TIIG, BEXGEIEN, TRIRERRCDENATEERYE, B, SSHRERRATE
REIEE, BB NESROAEN R BEERRN,

ROALE: FRIUAY"IARD AL A" T

A. [BEFTSMEHIER
MRFHEHMRERCLEBFE, NS BIASERE, WEEEMDRIBHEHMATEETRNTE,

B. BESHEMMNE
AREGHETE LGSR, MRASEHERMER, REEE TANAE BRAERGR; SNRSRERE,

IEXRBIBI

A O Keep Interleaved Reasoning

Accuracy Gains
Can you see stems of bananas in the image? A:Yes B: No
1004 100.00% <think>To determine whether the <think> ... I closely examine the upper portions of the
stems of bananas are visible in the bananas shown. In the provided image, there is a distinct,
+17.70% image, I need to closely examine slightly darkerarea at the very top of the bananas,

which corresponds exactly to the expected location of
the stem. ... The close-up nature of the photo allows
for clear identification of this feature. Therefore, the
stems of the bananas are visible in the image. The answer
to the question is A. Yes. </think> <answer>A</answer>

the parts of the bananas that
would correspond to the stems. ...
In the provided image, the focus is
on the upper portion of the
bananas ...<think>

81.25% B2.3

801
73.9 +7.29%

(") switched to Text Reasoning

We cannot see the window on the school bus? A: Correct B: Incorrect

<think>To determine whether the statement "We cannot see the window on the school bus' is correct, | need to
closely examine the image for any visible windows on the school bus. The image prominently displays the side
of a school bus, with clear views of the distinctive yellow paint and the 'SCHOOL BUS' text. There are also
visible horizontal lines and a stop sign attached to the bus, but upon careful inspection, there are no windows
visible in the portion of the bus shown. Since the question revolves around the absence of a window, and the
provided image does not show any windows at all, the statement is accurate. Therefore, the correct answer is 'A.
Correct.'«/think><answer>A. Correct</answer>

| K

201

|\ " | E30 Interleaved Reasoning

B Switched to Text-Only

In cases where initial text captures solution-critical elements, the model autonomously switches to text-only
5.3% Cases 0.3% Cases 7~ . he school bus d s o ffices f luti hile b ire visual P hi
oon Chart Refocus on "I"WAMMNV d reasoning. The schoo us escrlptlon suffices for solution, while banana stems require visua examination. This
N ; self-adaptive behavior demonstrates implicit recognition of when textual information alone is sufficient.

Figure 5: Autonomous Mode Switching Based on Task Complexity.
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SHBEHEIR A F PR
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RGBS

AXE (FFS5) EEHME (RR) ZEEERER, NTEBEFIIRIBASFE, KIBRA EHERRIEER,
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VSP (In-Domain) VStar (Out-of-Domain)
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Figure 6: Test-Time Scaling Across Reasoning Modes. Interleaved reasoning demonstrates robust scaling
advantages, particularly on challenging benchmarks where unimodal approaches plateau or decline.
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Figure 7: LiE 24¥ 14 5

BRI
EXE
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B8 24,990 TMERERBHIEFAR

FHEE (NHFRMNRSSE)

Task Data Source Count  Visual Manipulation Curation Steps
Jigsaw SAT (Ray et al., 2024), 6,000 Visualizing re-arranged Newly generate ques-
Assembly ADE20K (Zhou et al., 2017), pieces tions from a customized
Omni3D (Brazil et al., 2023) pipeline
Spatial N/A 6,000 Overlaying mazes with Newly generated ques-
Navigation paths highlighted with tions from a customized
red lines and arrows pipeline
Visual Visual CoT (Shao et al, 6,990 Highlighting Regions Filtering for valid
Search 2024), GQA (Hudson & Man- with Red Bounding (question, answer) with
ning, 2019), VSR (Liu et al., Boxes MLLMs + other criteria
2023)
Chart ChartQA (Masry et al., 2022), 6,000 Highlighting Regions Filtering for valid
Refocus Refocus (Fu et al., 2025) with Red Bounding (question, answer) with
Boxes or Overlays MLLMs + other criteria

Table 1: Summary of Questions Used for Training ThinkMorph.

Table 1: BUBEESERT

HEIBE (Jigsaw Assembly)
SHFTELAEG BT XA AT B BEHE
¥IEIR: SAT. ADE20K

251815401 (Spatial Navigation)
B AMEF MR L F BRI TS SM

5 €3 (Visual Search)
N AR 50 FRAR BB E AL
HUEJR: Visual CoT. GQA

BIRERE (Chart Refocus)
XAIRFIEIE T RN RS =Mt E
HYER: ChartQA. Refocus

4. Z5RIGUE

~ EXRREE

41 REEHIRR T
Spatial Navigation Visual Search Jigsaw Assembly Chart Refocus
VSP VStar™  VisPuzzle BLINK-J* ChartQA MMVP™
Bagel-7B 0.83* 55.49 35.00%* 67.33 62.05  70.33
Text Reasoning 49.17 56.02 63.50 68.67 81.66 76.33
Visual Reasoning 85.50 58.63 61.25 47.33 73.08 73.00
() Interleaved Reasoning 86.67 63.87 73.75 73.33 79.78 82.66

Table 2: Reasoning Mode Comparison. Bagel-7B is tested under think mode (*: no-think mode for tasks
where thinking prevents Bagel from generating answers). ChartQA results are the average performance on

horizontal and vertical bar chart questions. *: out-of-domain benchmarks. Best , second-best .

Table 2: FEIHMEEEILAYIERERSLE

EUM TR POES E2ERTHEMRN



=[e) S (VSP)
86.67%

vs EEEE 0.83%

E=TRRMES L, X8

SEERLALE
+34.74%
FEEEIRT

HIEEX R MEXTIIE T 6.33%

4.2 BIREN O
Size VSP VisPuzzle ChartQA VStar” BLINK-J* MMVP” SAT” BLINK” CV-Bench”™
Visual Understanding-only VLM
GPT-40 - 3350 4375 7634 6178 7267 84.67 28.00 60.28 75.61
GPT-5 - 5733 7800 80.85 71.73  77.33 86.33 73.30 69.86 85.46
Gemini 2.5 Flash - 59.33 47.00 8379 70.68  66.00 80.33 56.00 67.49 85.07
InteenVL3.5 8B 817 3475 7626 6859  71.33 76.33 4533  59.60 81.99
: 38B 20.16 3650 8044 7696  80.67 80.33 49.33 62.65 85.96
Qwen2.5-VL 7B 216 3475  78.12 7644  59.33 7733 5133 55.92 75.20
' 72B 41.83 4000 8203 8586  61.33 82.00 64.67 6191 82.54
Unified Models

Janus-pro 7B 00.00 33.50 4308 3822  50.67 63.33 22.00 3851 67.83
Chameleon 7B 00.83  30.50 574 2827  00.67 47.67 10.67 16.52 36.52
Bagel 7B 00.83* 35.00* 61.82 5549  67.33 7033 4467 4766  76.03*
() ThinkMorph 7B 75.83 79.00 78.10 67.02  72.00 80.33 52.67 60.07 80.82

A (vs Bagel)

+75.00 +44.00

+16.28 +11.53 +4.67 +10.00 +8.00 +12.41 +4.79

Table 3: Comparison of ThinkMorph with Other Models. Bagel-7B is tested under think mode (*: no-think
mode for tasks where thinking prevents Bagel from generating answers). **: out-of-domain benchmarks.

Table 3: FSREVMEBEXILE

ThinkMorph (7B) 814 RER] S MR A T B HRREURE R Figil:

SATZ B IE(ES

MMVPREAIES

G 4.3 BRIRMNSEAINIE

Accuracy Gains

1001

81.25% 82.3

801
3.0

40

100.00%

52.67%

vs InternVL-3.5-38B 49.33%

80.33%
5Gemini 2.5 Flash#8

% () Keep Interleaved Reasoning

Can you see stems of bananas in the image? A: Yes B: No

Y

<think> ... | closely examine the upper portions of the
bananas shown. In the provided image, there is a distinct,
slightly darkerarea at the very top of the bananas,
which corresponds exactly to the expected location of
the stem. ... The close-up nature of the photo allows
for clear identification of this feature. Therefore, the
stems of the bananas are visible in the image. The answer
to the question is A. Yes. </think> <answer>A</answer>

<think>To determine whether the
stems of bananas are visible in the
image, I need to closely examine
the parts of the bananas that
would correspond to the stems. ...
In the provided image, the focus is
on the upper portion of the
bananas ...<think>

0 Switched to Text Reasoning

We cannot see the window on the school bus? A: Correct B: Incorrect
<think>To determine whether the statement 'We cannot see the window on the school bus' is correct, | need to
closely examine the image for any visible windows on the school bus. The image prominently displays the side

of a school bus, with clear views of the distinctive yellow paint and the 'SCHOOL BUS' text. There are also
EPSCT PR LI R 0 S I Y

T K DG T S | SO P SR T D



VISIDIE [UTIZONLAL ILIES dIld d SLUP SIZIN dLLdCIed W LUIE DUS, DUL UPOIl CAreiul HISpecuull, LIEre dre no winaows

20 ‘ = -= - visible in the portion of the bus shown. Since the question revolves around the absence of a window, and the
provided image does not show any windows at all, the statement is accurate. Therefore, the correct answer is 'A.

Correct.'</think><answer>A. Correct</answer>
30 Interleaved Reasoning
[ Switched to Text-Only

In cases where initial text captures solution-critical elements, the model autonomously switches to text-only
a reasoning. The school bus description suffices for solution, while banana stems require visual examination. This
self-adaptive behavior demonstrates implicit recognition of when textual information alone is sufficient.

Figure 5: Autonomous Mode Switching Based on Task Complexity.
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Figure 6: Test-Time Scaling Across Reasoning Modes. Interleaved reasoning demonstrates robust scaling
advantages, particularly on challenging benchmarks where unimodal approaches plateau or decline.
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