
MarginMatch: Improving Semi-Supervised Learning 
with Pseudo-Margins



Background

What’s semi-supervised learning?

Few labeled data Numerous unlabeled data



Background

Development of Different SSL Methods
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Motivation

How to make unlabeled sample selection more adaptive?

Overconfident
Even when the high-
confidence threshold is 
used in FixMatch can result 
in wrong pseudo-labels.

Confirmation Bias
If the initial predictions are biased
or contain errors, the model 
would tend to be overconfident in 
its incorrect predictions.



Motivation

One Strike and you’re out?

Instead of using only the model’s confidence on an unlabeled example at an arbitrary iteration to decide if 
the example should be masked or not, MarginMatch analyzes the behavior of the model on the pseudo-
labeled examples as the training progresses, to ensure low quality predictions are masked out.

Instead of using One Strike and you’re out rule
How to measure prediction quality more accurately?



Prerequisite

FlexMatch

Reflects the learning effect of class c at time step t



Method

Instead of using only the model’s current belief, MarginMatch monitors the training dynamics 
of unlabeled data over the iterations by investigating the margins:

We average all the margins with respect to c from the first iteration until t and obtain the average 
pseudo-margin (APM) as follows:

If over the iterations, the model predictions do not agree frequently with the pseudo-label c 
from iteration t on the predicted label, the APM for class c will have a low value.

Old pseudo-margins eventually become deprecated due to the large number of unlabeled data, so 
we use EMA to place more importance on recent iterations.



Method

Illustration of Pseudo-margin (PM) Metric



Method

The margin at epoch t captures how much larger the (potentially incorrect) assigned logit is than all other logits: 

Average a sample’s margin measured at each training epoch, a metric we refer to as area under the margin (AUM):

FlexMatchAPM(AUM)

How to Estimate APM(AUM) Threshold?



Method

Mislabeled Data Can Be Identified by Setting a Threshold 

With access to a trusted validation set, a threshold can be 
learned through a hyperparameter sweep.

But how to learn a threshold without validation data?

Randomly sample a subset of unlabeled examples from U to 
create erroneous(threshold) examples E, which are assigned 
to an inexistent (or virtual) class C + 1.

Compute                   to choose the APM threshold 

Strong Augmentation



Method



Experiment



Experiment



Experiment

Ablation Study

EMA coefficient 

FlexMatchAPM(AUM)



Experiment

Analysis

Mask rate is defined as the fraction of pseudo-labeled examples 
that do not participate in the training at epoch t due to 
confidence masking or pseudo-margin masking (or both).

Impurity in contrast is defined as the fraction of pseudolabeled 
examples that do participate in the training at epoch t but with 
a wrong label.



Experiment

Analysis

FlexMatch is still not
quite confident of its 
prediction at the end 
of the training.

Two bird images from CIFAR-10. Because of the resemble
characteristics(background) between birds and plane, the model will get confused.

Oops, FlexMatch
made a mistake here. 
Eventually this 
sample is wrongly 
classified.


