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(Radford et al., 2021)
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Modality Gap

(Liang et al., 2022)
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Modality Gap

(Liang et al., 2022)

How can we interchangeably use 
image and text embeddings?
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Theoretical Explanation of Geometry
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Modality Gap Emerges at Initialization
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Dimensional Collapse of the Representation Space 

d
e, x
＝ 25 d

e, y
＝ 230

Effective dimensions are small given a randomly initialized 512-d CLIP embeddings.



Modality Gap Emerges at Initialization
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Dimensional Collapse of the Representation Space 

d
e, x
＝ 25 d

e, y
＝ 230

Effective dimensions are small given a randomly initialized 512-d CLIP embeddings.

CLIP representation space has 257 
ineffective dimensions!



Modality Gap is Preserved after Optimization
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Dimensions initialized 
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Modality Gap is Preserved after Optimization
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Before 
optimization

After 
optimization

Ineffective dimensions 
remain unchanged

Effective dimensions 
are aligned

See gradient analysis in paper.



Alignment Noise
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the stable region      is a function of temperature     . 

Given the contrastive loss                                                                 ,

Within the stable region, the optimization halts.
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C3: Connect, Collapse, Corrupt

Connect: Relate concepts with multi-modal contrastive 
learning.

Collapse: Close the modality gap by subtracting the 
embedding mean from each modality.

Corrupt: Add noise to the embeddings as regularization 
during training.



1. Connect

17

Relate concepts with multi-modal contrastive learning.

(Radford et al., 2021; Liang et al., 2022)



2. Collapse
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Close the modality gap by subtracting the embedding mean 
from each modality.



3. Corrupt
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Add noise to the embeddings as regularization during training.
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Image Captioning on MSCOCO

Zero-shot image captioning results. 
Train: caption-to-caption. Test: image-to-caption.
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Image Captioning in the Low-Data Regime

Semi-supervised image captioning results. 
Train: caption-to-caption. Fine-tune: image-to-caption. Test: image-to-caption.
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Image Captioning Qualitative Results
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Text-to-Image Generation on MSCOCO

Zero-shot text-to-image generation results. 
Train: image-to-image. Test: text-to-image.

Language-only
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Text-to-Image Generation Qualitative Results
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Thank You
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