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» Investigate the catastrophic forgetting of MLLMs in instruction tuning phrase.

» Lacking of a suitable instruction tuning benchmark, we construct a continual

Instruction tuning benchmark by publicly available vision-language datasets.
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. Train Test
Task Dataset Instruction Nimbker Numbes
RefCOCO Please provide the bounding
Grounding RefCOCO+ box coordinate of the region 55k 31k
________________ RefCOCOg  this sentence describes: <description>
T T e What is the object in the image? B R
Classification ImageNet Answer the question using a 129k Sk
single word or phrase
_______________________________ Answer the question usinga .
Image Question Answering (IQA) VQAV2 single word or phrase 82k 107k
—————————————————————————————— Answer with the option’s letter .~
| Mnowledge@rounded 1QA ~ ScienceQA  from the given choices directly B T
Reading Comprehension IQA TextVQA Answer he question using o 34k Sk
single word or phrase
"""""""" . YOA oA Answerthe questionusinga ., .
Visual Reasoning IQA GQA single word or phrase 72k 1k
R e P W e = S R Answer the question usinga .. o
. e VeWiz - singlewordorphrase et
OCR IQA OCR-VOA Answer the question using a 165Kk 100K

single word or phrase
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Continual Classification Task Grounding Task VQA Task
Training

: User: Please provide the bounding
1 box coordinate of the region this
: sentence describes: catcher.

|
) |

User: What is the object in the |
image? Answer the question using
|

|

|

|

|

|

|

: I these? Answer the question using
| : a single word or phrase.

|

|

|

a single word or phrase.

|
|
|
|
|
|
|
. A g so T I
: User What sort of animals are : 000
|
|
|
|
|
|

Sy 1 N e e e e v v Vel Ta ek Bal W G B sy B S G G S

: | Response: i Response:

Regporises Mdlantate 1001045025072 ' teddy bears
@ @ @ " 1. Truth Alignment )
] |
Evaluation on Assistant ‘
" output |
1 1 True

Classification |
: $ > or
. Ground False !
" truth j
M shahatatolalaloalobote ~ P TR i o o ok ket e ~ e 50 D 8l B R ~ Liii:::;:;i’
1 e g ifepmma ; Besponse; | 2. Resoning Capability
U What is th Al : [ 00,0195, 0199 : | Dutcng : :Assistant Ground :
ser: What is the ! [ |

object in the image? : Truth Alignment : : : Truth Alignment: : : Truth Alignment: : | ouiput / i :
Answer the question | Tl‘lle . o : | False ) » : | False . N : | |
using a single word : Reasoning Capability: | : Reasoning Capability: | : Reasoning Capability: | | > [0.10] |
or phrase. v 10 ) v 0 h v 8 -  Qwen-32B ’ ‘

=
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Truth Alignment = Reasoning Capability + Instruction Following

Truth Alignment:

Directly compare the outputs
of MLLMs with ground truths.

Two apples “ Two

1. Truth Alignment

Assistant
output True
or
Ground False
truth

Metrics: Mean Average Accuracy (MAA):

1 1<
MAA:TJZ:;(};AL;)

Reasoning Capability:

MLLMs may correctly answer the
question logically as "Two apples" while
the ground truth is "Two"

2. Resoning Capability

Assistant  Ground
output truth

V

—> [0,10]

Qwen-32B

Backward Transfer (BWT):

Cheng Chen et al. ""ColIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models.” NeurlPS 2024 7
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MLLM Method Accuracy on Each Task Overall Results
ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
Multi-task 56.77 49.35 95.55 56.65 53.90 30.09 59.50 55.65 57.18 -
Leva Zerosho 51 28 0B 208 0% 000 oes o[22
Seguemial 82.45 49.99 96.05 5640 5545 31.27 62.20 57.08 097 3.6
Finetune 21.26 28.74 10.25 36.78 3245 0.83 42.50 57.08
Multi-task 25.70 60.88 17.05. 56,77 3558 6.78 68.67 63.50 41.87 -
avenyy Zeosho 6456 T 4g1s T igr 4450 957 000 el 2750 (B8
Seguemiul 67.69 66.36 53.70 5930 36.38 63.10 71.00 47.80 4335  -16.94
Finetune 31.05 42.45 29.57 55.57 15.30 40.33 67.75 47.80
Multi-task 43.55 19.24 10.57 2843 41.62 0.00 27.12 1.45 21.50 -
vinGrrea Zeosho 3206 68007 11ss B0 000 1220 003 (D36
Seguemial 28.81 10.40 725 31.55 41.35 0.00 36.10 6.15 2545  6.04
Finetune 44.35 29.89 11.90 3695 42.58 0.00 38.10 6.15

The results evaluating the Truth Alignment ability are presented. The first line of Sequential Finetune are the

results for each task evaluated when just tuned on the corresponding task, and the second line displays the final
results of each task after fine-tuning on the last task.

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models." NeurlPS 2024 8
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MLLM Method Accuracy on Each Task Overall Results
- ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2Z OCR-VQA 1 MAA BWT
Multi-task 80 75 97 72 42 86 73 79 75.50 -
e e e e e
Sequential ‘ ‘ ‘ 7128 -10.88
Finetune 32 74 55 56 47 52 58 78
Multi-task 98 82 68 77 50 51 82 88 74.50 -
Zero-shot 97 81 78 74 54 58 81 74 74.63 -
4 1 e il
Sequential 96 83 86 78 51 82 82 75
) 8097 -3.25
Finetune 95 78 77 77 47 76 82 75
Multiask 96 7658 _ 62 44 8% 63 59 |83 -
wmarraa Lt e e s
Sequential 7505 0.00
Finetune 89 73 59 60 44 04 63 52

The evaluation results of Reasoning Capability are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models." NeurlPS 2024 9
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Whether i1s Qwen a good evaluator?

Tvpe Accuracy on Each Task Overall Results
P ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
5 5
Qwen-32B )2 7> o7 72 42 8 7 8 71.28 -10.88
__________ e SR BRI, S AL L R R I N
‘{
GPT-4 94 83 96 83 79 71 81 69 1360 -11.50
80 83 65 67 62 70 68 69
2 5 ) )
User Study o0 5 78 5 8{_ 05 50 n 7435 -8.13
85 80 85 71 76 57 73 70

The comparison of Qwen with GPT-4 and user study as a evaluator are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models."" NeurlPS 2024 10
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What factors affect the performance?
Order Accuracy on Each Task Overall Results
ScienceQA  TextVQA ImageNet GQA VizWiz  Grounding VQAV2Z OCR-VQA | MAA BWT
7
Random 82.45 49.99 96.05 56.40 55.45 31.27 62.20 57.08 1097 3.6
21.26 28.74 10.25 36.78 32.45 0.83 42.50 57.08
GQA Grounding ImageNet OCR-VQA ScienceQA TextVQA VizWiz VQAV2 | MAA BWT
Alphabet 62.68 37.73 97.30 62.00 59.98 50.98 60.10 67.28 3108 -25.90
53.92 0.00 8.57 37.75 44 .37 53.37 25.27 67.28

The results of LLaVA about different task orders are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models."" NeurlPS 2024 11
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What factors affect the performance?

Tvpe Accuracy on Each Task Overall Results
P ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
: : 05 : 53. 31. : k
Original 82.45 49.99 96.0 56.40 5545 1.27 62.20 57.08 P YT 3262
21.26 28.74 10.25 36.78 3245 0.83 42.50 57.08
3 3. 5 3
Diverse 82.45 50.14 96.0 53.65 1.42 4.00 59.17 52.92 09 3367
26.00 25.38 8.40 33.07 26.52 0.10 40.00 52.92
30 54, 3 5
10Type 81.65 51.99 97.00 61.30 54.10 9.20 68.15 64.6 1837 3175
54.84 35.46 9.80 38.70 12.95 0.82 46.80 64.65

The results of LLaVA about different instruction templates are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models."" NeurlPS 2024 12
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What factors affect the performance?
Volume Accuracy on Each Task Overall Results

ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
0.1 70.00 42.88 9345 3693 43.7 3:73 40.48 45.62 3027  -16.17

33.71 32.62 5.38 33.50 36.98 2.85 36.77 45.62
0.2 69.86 46.86 0438 4498 44.15 4.81 32.55 52.10 3033 -19.89

41.12 33.25 .53 33.80 25.85 79 37.10 45.62

2

0.4 19:33 47.06 9495 5295 50.77 10.25 56.73 35:33 3318 24.85

49.96 23.60 7.22 36.12  33.05 0.09 39.20 55.33

5 93 53 33
0.6 78.09 47.65 05.85 5593 53.08 10.00 59.17 46 3147 3257

27.42 19.54 7.03 3352 1315 0.05 38.48 46.33

2

0.8 80.0 48.13 9545 54.00 49.85 28.33 58.35 56.67 3000 -33.60

11.74 16.94 8.85 32.62 35.50 0.00 39.67 56.67

. 45 31.2

10 82.45 49.99 96.05 5640 554 1.27 62.20 57.08 197 3262

21.26 28.74 10.25 36.78 32.45 0.83 42.50 57.08

The results of LLaVA about different data volumes are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models." NeurlPS 2024 13
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Size Accuracy on Each Task Overall Results
ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2Z OCR-VQA | MAA BWT
7B 82.45 49.99 96.05 5640 5545 31.27 62.20 57.08 1097 3262
21.26 28.74 10.25  36.78 3245 0.83 42.50 57.08
13B 82.95 54.25 97.28 5245 5940 40.35 68.10 61.00 3043 2879
60.03 41.19 1062 31.03 32.67 2.60 46.33 61.00
Size Accuracy on Each Task Overall Results
ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
7B 92 75 97 72 42 58 75 78 7128  -10.88
82 74 55 56 47 52 58 78
13B 94 77 08 77 46 76 80 79 7508 _11.00
89 77 58 59 53 62 62 79

The results evaluating the Truth Alignment and Reasoning Capability of LLaVA about
different model size are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models." NeurlPS 2024 14
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. TextVQA 2. ScienceQA

o User: What 1s written on the front of . User: What is the name of the colony
that building? Reference OCR ‘ | shown? A. Maryland B. New '
tokenn M, AVAL.LOOCKYARD.BOCK, . . ,." Hampshire C Rhode Island D
ESTA,l735,.2,LlQN,GATE,djakoebS. (S 2P Vermont. Answer with the option's
Answer the question using a single ,sf\" letter from the given choices directly.
word or phrase. < Assistant: New Hampshire
Assistant: Sunscreen N 2 Ground trathB
Ground_truth: lion gate 4 B

) Truth Alignment : False
Truth Alignment: False Reasoning Capability : 10
Reasoning Capability: 0

4. ImageNet

User: What 1s the object in the
image? Answer the question using
a single word or phrase.
Assistant: Car

Ground_truth: Pickup

User: What animals are on the dirt?
Answer the question using a single
word or phrase.

Assistant: Llephants
Ground_truth: Elephants

Truth Alignment : False
Reasoning Capability : 8

Truth Alignment : True
Reasoning Capability : 10

15
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N e Accuracy on Each Task Overall Results
ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
_Mglti-task(l) 5_6.7'_7 e i19.35_ ?5.55 §6.65 §3_.90 _30.09 ) 59.§() _55.6_5 57._18 =
2
| 82.45 49.99 96.05 5640 5545 3127 62.20 57.08 1097 3262
21.26 28.74 10.25 36.78 32.45 0.83 42.50 57.08
s 3 33 322 3
) 79.93 51.37 9592 59.60 55.3 9 63.15 54.15 3575 2803
47.77 31.67 10.75 37.10 40.98 1.44 43.65 54.15
35 52.2 2 05 3 273
4 80 1 96.25 59.62 58.0 4.47 64.40 62.7 4024 -26.57
65.36 40.28 11.10¢ 3720 34.77 0.49 43.60 62.73
: 51.73 42 ! 3 2
g 75.78 51.7 96.70 59.42 58.88 7.50 64.22 60.08 1276 2591
63.09 38.63 10.50 37.38 43.62 0.59 43.15 60.08

The results of LLaVA about different numbers of experts are presented

Cheng Chen et al. ""CoIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models." NeurlPS 2024
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Accuracy on Each Task

Overall Results

Method
ScienceQA TextVQA ImageNet GQA VizWiz Grounding VQAV2 OCR-VQA | MAA BWT
.3 ; ; . . 2 73 33
Busali 75:.33 47.06 9495 5295 50.77 10.25 56.7 55 3318 -24.85
49.96 23.60 7.22 36.12 33.05 0.09 39.20 55.33
‘ 2
LwF 75.33 48.18 06.90 48.58 44.12 6.60 38.58 62.35 3580  -19.27
63.14 39.60 8.90 3483 14.53 2.48 40.67 62.35
EWC 75.28 48.37 96.83 42,77 44.25 8.65 60.27 61.02 4036 -17.94
67.41 40.41 8.18 35.05 37.88 2.67 41.27 61.02
2
MoELORA 75.85 49.05 0395 56.53 48.70 25.57 61.9 5535 4105 -22.50
58.92 38.59 8.85 37.10 44.25 2.45 41.40 55.35

The comparison with other continual learning methods based on LLaVA is presented

Cheng Chen et al. ""ColIN: A Benchmark of Continual Instruction Tuning for Multimodal Large Language Models."

NeurlPS 2024
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Thanks

GitHub: https://github.com/zackschen/ColN

Contacting us if you have any questions:
Email: cczacks@gmail.com
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