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Introduction

• Previous Methods: only crowd data

• A more pratical problem setting: crowd data + unlabeled data
• Semi-supervised learning from crowds



Previous Methods

• Infer true labels

• Crowd label -> “True” label -> Supervised classification model

• MV, DS, ……

• Additional information are lost.

• Learning from crowds

• Crowd label -> Classifier

• True labels as latent variables

• EM

• Semi-Supervised Learning

• SSVAE-M2



SSVAE-M2
• Model

• 𝑝 𝑥, 𝑦, 𝑧 = 𝑝 𝑥 𝑦, 𝑧 𝑝 𝑦 𝑝 𝑧
• 𝑝 𝑦 = 𝐶𝑎𝑡 𝑦 𝜋
• 𝑝 𝑧 = 𝑁 𝑧 0, 𝐼
• 𝑝𝜃 𝑥 𝑧, 𝑦 = 𝑁 𝑥 𝜇 𝑧, 𝑦 , 𝜎2 𝑧, 𝑦

• Inference
• 𝑞𝜙(𝐲 ∣ 𝐱) = Cat 𝐲 ∣ 𝛼𝜙(𝐱)

• 𝑞𝜙(𝐳 ∣ 𝐱, 𝐲) = 𝒩 𝐳 ∣ 𝜇𝜙(𝐱, 𝐲), 𝜎𝜙
2(𝐱, 𝐲)

• Loss

• 𝒥𝛼 = 𝒥 + 𝛼 𝔼
෥𝑝𝑙(𝐱,𝐲)

−log 𝑞𝜙(𝐲 ∣ 𝐱) = ℒ(𝐱, 𝐲) + 𝒰(𝐱) + 𝛼 𝔼
෥𝑝𝑙(𝐱,𝐲)

−log 𝑞𝜙(𝐲 ∣ 𝐱)
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Optimization and Inference

• Computing the posteriors of z and t are intractable, cannot use EM

• Cannot get a classifier directly

• The marginal log-likelihood

classifier encoder

Unlabeled data 

Labeled data 



Optimization and Inference

• Pseudo classification loss

• The prior of t for crowdsouced data

• Final objective function



Experiments
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