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Motivation

o Background
n Most collaborative filtering algorithms assume each account is used by a single user.

n However, there exist many shared accounts in some applications (e.g., IPTV).

o Problem
n Shared accounts can breed spurious associations between items that are actually consumed by

distinct members, leading to inaccurate recommendations for other single-user accounts.
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Research Questions

1. How to quantitatively reveal the adverse impact of shared accounts on
recommendation results for other single-user accounts?

n It is hard to know how a model performs for the same user in two counterfactual settings with
and without shared accounts.

2. What are the underlying causes of such impact?

n We conjecture that shared accounts hurt item embeddings in model-based CF, yet how the
proximity relations between item embeddings change across settings remains unexplored.

3. How to mitigate the aforementioned adverse impact?
n How to deal with spurious associations between a pair of items consumed by two members

with distinct interests in a shared account?
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o Simulate two settings with the same test set for a fair comparison
n Controlled Setting：only single-user accounts

n Experimental Setting：both shared accounts and single-user accounts

Revealing the Adverse Impact on Recommendation Performance
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Shared accounts are synthesized 
without changing the data sparsity



Revealing the Adverse Impact on Recommendation Performance
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The presence of shared accounts leads to 
significant performance degradation for 
other single-user accounts.

Controlled Setting vs. Experimental Setting
Impact of the number of item pairs with 
strong spurious associations



Analyzing the Adverse Impact on Item Embeddings

o Demoted relevant items:

o Promoted irrelevant items:

o Two metrics: their proximity to the user’s consumed items in the latent space
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The proximity relations between item embeddings are greatly distorted due to the existence of shared accounts.

KNN analysis of item embeddings
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Mitigating the Adverse Impact by Using Item Multimodal Info.
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The performance decline is effectively alleviated by leveraging the reliable item-item semantic relations from 
image or text modality to counteract spurious second-order item-item associations in the bipartite behavior graph.



Mitigating the Adverse Impact by Using Item Multimodal Info.

o Fixing rank changes in the recommendation list

n Demoted relevant items are now moved forward by our mitigation method.

n Promoted irrelevant items are now moved backward by our mitigation method.
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Mitigating the Adverse Impact by Using Item Multimodal Info.

o Ameliorating the item embeddings
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The item-item semantic graph can partly remedy the detrimental effect on proximity relations between 
item embeddings caused by shared accounts.

Our mitigation method reduces ratio_push and ratio_pull
significantly compared to the original model. 



Mitigating the Adverse Impact by Using Item Multimodal Info.

o Counteracting strong spurious associations
n For each item pair with strong spurious association

Ø 𝑠!: cosine similarity between their embeddings in the controlled setting

Ø 𝑠": cosine similarity between their embeddings in the experimental setting

Ø 𝑠#: cosine similarity in the experimental setting after applying our mitigation method
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• Positive values of 𝑆! − 𝑆": Item pairs with strong 
spurious associations have higher cosine similarities in 
the experimental setting than in the controlled setting.

• Negative values of 𝑆# − 𝑆!: The reliable item-item 
semantic graph derived from the multimodal 
information can effectively counteract the adverse 
impact of spurious second-order item-item associations 
caused by shared accounts during graph convolution.



Conclusion & Future Work

o Main Findings
n We reveal an unexplored problem that shared accounts can cause spurious associations

between items, and adversely affect the recommendation performance of CF algorithms for
other single-user accounts.

n A simple yet effective mitigation strategy is proposed to counteract spurious second-order
item-item associations by leveraging the semantic similarity embodied in the multimodal
information of items.

o Future Work

n Explore more advanced multimodal recommendation methods that can leverage the valuable
information from multiple modalities, and meanwhile avoid the potential negative effect of
fake co-occurrences in the collaborative signal and noise in the multimodal features.

n Extend our methodology for analyzing the distortion of proximity relations between item
embeddings to other research topics in robust RS (e.g., attacking, defensing, denoising).
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Thank you for you attention!

Q&A


