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7. Related Work
7.1. Mitigating Spurious Correlation

It has long been known that deep models trained under
standard ERM settings are vulnerable to spurious correla-
tions [2, 24, 29]. This problem has been addressed in the
literature under terms such as shortcut learning [ 16, 38] and
simplicity bias [28, 30].

Most well-known works in the literature approach miti-
gating spurious correlation by either group balancing or
sample reweighting. Group DRO [24], which is one of
the best-performing methods proposed so far, uses group
annotations to minimize the worst group error. SUBG [6]
trains a model by ERM on a random group-balanced
subset of data and has proven to be effective on several
benchmarks. Following [6], DFR [8] states that models
trained with ERM are capable of extracting both core
and non-core features of an image and proposes to retrain
only the last layer of the predictor on a group-balanced
subset of training or validation set to make models robust
to spurious correlation. Although these methods have
acceptable performance, they require group labels of the
training or validation set for the training. This assumption
is not feasible in many scenarios and has been addressed
by several methods that aim to train robust models without
access to the group labels. Among these methods, some
introduce methods for reweighting or pseudo-labelling
samples for last layer retraining [10, 20]. AFR[20] up-
weights samples for which a model trained with ERM
assigns a low probability to the correct class. DD-DFR [10]
assigns pseudo group labels to samples based on the
change of the model’s prediction on them when adding
dropout to the model. In addition to this line of work,
[13, 17] introduce methods for fine-tuning whole models
without group knowledge by upweighting or upsampling
the data misclassified by a model trained by ERM. JTT [13]
upsamples datapoints which are misclassified by a model
trained by ERM, with the assumption that these samples
are mostly from under-represented groups.

The methods mentioned above have a common as-
sumption that the misclassified samples or samples with
high loss are mostly from minority groups. While this holds
true for some samples, in many cases, the main reason
behind the model’s high loss on a sample is the complexity
of its causal regions. On the contrary, we manually make
combined images that are theoretically from the minority

groups, as a means for upweighting under-represented
samples.

7.2. Data Augmentation for Bias Mitigation

A line of work uses data augmentation for enhancing
models’ generalizationability [35, 37, 39]. Inspired by
mixup [41], LISA [39] selectively interpolates datapoints
across different groups or different labels to train an
invariant predictor. DISC [35] utilizes a concept bank
to detect spurious concepts and intervenes on samples
using these concepts to balance the spurious attributes.
In addition to these works, few works use synthetic data
augmentation for balancing the training data [7, 21, 22, 34].
GAN debiasing [22] uses a GAN to generate images and
intervene on them in the latent space. FFR [21] combines
synthetic data augmentation and loss-based debiasing
methods (such as Group DRO [24]) for mitigating spurious
correlation.

Almost all the methods based on data augmentation
require the knowledge of the spurious attributes or group
labels, or use additional concept banks or generative models
for detecting and intervening on spurious attributes. DaC
on the other hand, augments the training data with none of
the mentioned requirements.

7.3. Attention-based Masking for Out-of-

Distribution Generalization

Some other works were proposed for removing the irrel-
evant parts of images by masking [11, 43]. CaaM [33]
proposes a causal attention module that generates data
partitions and removes confounders progressively to
enhance models’ generalizability. [36] masks patches of
images based on the class activation map and refills them
from patches of other images and utilizes these samples
for representation distillation with a pretrained model.
Decoupled-Mixup [14] distinguishes discriminative and
noise-prone parts of images and fuses these parts by mixup
separately. MaskTune [3] which is the most similar work
to ours, based on the assumption that models trained with
ERM mostly focus on parts of the image with high spurious
correlation to the label, masks parts of the image with the
highest scores according to xGradCAM. Then a new model
is fine-tuned on the masked data.

None of the methods mentioned above, except Mask-
Tune, strive to extract the causa parts of images in order



to determine the true label of the newly obtained images.
However, a key point in DaC is that it distinguishes the
causal parts from the non-causal regions to be able to make
combined images and determine their label. Additionally,
as discussed in Sec. 3, it cannot be simply assumed that
the focus of models trained with ERM is on non-causal
parts of images, which is the most noticeable downfall of
MaskTune, that we aimed to solve to an extent.

8. Details on Experiments
8.1. Datasets

In this study, We compared methods on four datasets with
distribution shifts. The first three datasets are related to cor-
relation shift and the last one includes diversity shift be-
tween the train and test sets according to the categorization
introduced in [40].

Waterbirds This dataset is created by combining bird pho-
tos from the Caltech-UCSD Birds-200-2011 [31] dataset
with image backgrounds from the Places dataset [44]. The
birds are labelled as either waterbirds or landbirds and are
placed on either water or land backgrounds. Waterbirds are
more frequently shown on water backgrounds, while land-
birds are more often shown on land [24].

CelebA CelebA celebrity face dataset in the presence of
spurious correlations was proposed by [24]. In this dataset
the binary label is assigned to the hair colour and the gender
is the attribute with spurious correlation with the label [15].
Dominoes: This dataset, synthesized in a manner similar
to [18], consists of paired images: one from CIFAR10 and
one from MNIST. The CIFARI10 image, either an automo-
bile or a truck, serves as the target label. Meanwhile, the
MNIST image, a zero or a one, acts as the spurious part.
The spurious correlation between MNIST digits and the la-
bel is 90%.

Metashift: Our setup for Metashift dataset follows [35].
The target is to classify cats and dogs, and spurious features
are objects and backgrounds, namely sofa, bed, bench, and
bike. The test images are from backgrounds that are not
present in the training set.

8.2. Details on the CelebA Dataset

As mentioned in Sec. 5.3, in addition to the spurious corre-
lation between gender (which can be inferred from the facial
features) and hair colour, some hair attributes contribute to
hair volume such as hair wave and baldness, which are cor-
related with the hair colour. The number of people with
each hair colour and specific attributes is extracted from the
CelebA metadata and shown in Tabs. 2 and 3. According
to the statistics, while about 0.05% of blond people wear
hats or are bald, more than 8 per cent of people who are not
blond wear hats or are bald. Similarly, the percentage of
blond people with wavy hair is more than 1.5 times greater

than the ones that are not blond. Additionally, our eye ob-
servations from the dataset indicate that there is a correla-
tion between the length of hair and its colour, as short hair is
more co-occurred with non-blond hair. It is worth mention-
ing that since the attribute of hair length was not available in
the CelebA metadata, we assessed this claim by eye obser-
vation. A few examples of randomly selected samples from
each hair colour are shown in Fig. 14.

Table 2. Number of people with wavy hair with each hair colour.

‘ Blond=-1 Blond=1
Wavy = -1 121761 16094
Wavy = 1 50855 13889

Table 3. Number of people with each hair colour that are bald or
wear a hat.

‘ Blond=-1 Blond=1
Bald =-1 A Hat =-1 158440 29817
Bald=1V Hat=1 14176 166

8.3. ERM Training Details

Similar to [8], we used SGD optimizer with learning rate
10~3 and momentum 0.9 for all datasets. We used weight
decay 102 for Waterbirds, Metashift and Dominoes dataset
and 10~* for CelebA. The batch size for CelebA, Water-
birds, Metashift, and Dominoes were 128, 32, 16, and 16
respectively. The model was trained for 100 epochs on the
Waterbirds and Metashift datasets, and for 30 and 15 epochs
on the CelebA and Dominoes.

Table 4. Hyperparameters for DaC

Hyperparameters
Dataset yperp

epochs « q

Waterbirds 20 10 0.6
CelebA 15 5 02
MetaShift 30 6 05
Dominoes 20 6 08

8.4. DaC Training Details

For all datasets, Adam optimizer with a learning rate of
0.5 x 1072, and step learning rate scheduler with step size
5 and gamma 0.5 were used. The batch size was 64 for all
datasets. To encourage the diversity of training data during
retraining the last layer, in cases when the selected samples
with low loss in each batch were only from one class, we
randomly combined the selected images with others from



Table 5. Mean and worst group accuracy on the validation sets of four datasets when applying DaC using the original or inverted masks.

Invert Waterbirds CelebA Metashift Dominoes
Mask Worst Average Worst Average Worst Average Worst Average
X 88.4 93.1 84.6 91.2 79 79 19.6 63.1
v 22.6 63.2 83.9 90.1 45 60.1 89.2 93.0

the same class. No regularization terms were used for re-
training the last layer of the model. The proportions for
creating the curve of the loss with respect to the amount
of masking in adaptive masking did not contain 1, since
masking the whole image would trivially increase the loss
on the masked image significantly. More details regard-
ing the number of epochs, and optimal values for o and
q are in Tab. 4. Batch size, a and g were selected from
{32,64}, {1, ...,10}, and {0.2,0.4,0.5,0.6,0.8, 1} respec-
tively, and the criteria for hyperparameter selection was the
worst group accuracy on the validation set.

8.5. Original Masks or Inverted Ones?

As mentioned in Sec. 4.2, we train the model in two settings
corresponding to the ERM casual attention and ERM non-
causal attention assumptions. For the former setting, i.e.
ERM casual attention, we keep the parts obtained by adap-
tive masking as the causal parts while for the later one, i.e.
ERM non-causal attention, the parts remained by adaptive
masking are considered as non-causal and thus we invert the
masks in order to obtain the causal regions for DaC. Based
on the worst group accuracy of the model trained by DaC on
the validation set in these two settings, it can be determined
whether the parts to which the model generally pays more
attention are causal or non-causal. The results for both cases
are in Tab. 5. According to the results, unlike the Dominoes,
on Waterbirds and Metashift the model attends more to the
causal components. Regarding the CelebA dataset, it seems
that the attention of the model does not grasp the entire hair
parts in the image, hence, the inverted mask still contains
a proportion of the hair. This was also reflected in the re-
sults in Tab. 1, in which, unlike other datasets, our model
has a lower performance on CelebA. For more details on
the CelebA dataset, refer to Sec. 8.2.

8.6. Details on the Kneedle Algorithm

As mentioned in Sec. 5.2, we use the Kneedle algorithm for
finding the optimal amount of masking in Algorithm 1. This
optimal amount is indicated by the elbow (i.e. the point with
the highest curvature) of the curve of the loss with respect
to the amount of masking. Since we only have access to a
finite number of points from this curve, we use the Kneedle
algorithm, which identifies elbows in a finite set of points
from a curve.

The Kneedle method is based on the concept that knee
points approximate the local maxima when the set of points
is rotated about a specific line. This line is determined by
the first and last points and is chosen to preserve the over-
all behaviour of the set. By rotating the curve about this
line, knee/elbow points are identified as the points where
the curve deviates most from the straight line segment con-
necting the set’s endpoints. This approximation effectively
captures the points of maximum curvature for the discrete
set of points. The algorithm works as follows:

1. Smoothing: it applies a smoothing spline or other
smoothing methods to data.

2. Normalization: It normalizes smoothed data by min-max
normalization to function well regardless of the magni-
tude of data values.

3. Difference Computation: It defines D, as the set of dif-
ferences between x- and y- values. The knee is where
the difference curve changes from horizontal to sharply
decreasing.

4. Local Maxima Calculation: It identifies the local max-
ima of the difference curve as candidate knee points.

5. Threshold Calculation: For each local maximum
(Tima;, Yima;) in the difference curve it defines the
Tim=; Which is based on the average difference between
consecutive = values in the difference curve and a sen-
sitivity parameter, S. This parameter determines how
aggressive the method is. Smaller values for .S, detect
knees quicker, and large values are more conservative.

n—1

6. Knee Declaration: If any difference value (z;, y; ), where
j > 1, drops below the threshold y = T},,,,, before the
next local maximum in the difference curve is reached,
the method declares that local maximum as a knee point.
Kneedle’s run time for any given n pairs of x— and y—
values is bounded by O(n?).

8.7. Training Time

Since the ERM model used for computing the attribution
scores of the pixels is fixed, extracting the attention heatmap
and adaptive masking is done as a preprocess. Hence, dur-
ing training, the previously prepared and saved masks are
used, similar to MaskTune [3]. Additionally, since the op-
timal percentage of the masked pixels in Adaptive Masking



is selected among a small number of candidates, the time
complexity of FindElbow is constant. The training time of
several methods (excluding the ERM phase of the methods)
on Waterbirds is shown in Tab. 6.

Table 6. The training time of different methods (excluding the
ERM training phase) on the Waterbirds dataset on Nvidia A100
GPU

Method ‘DFR CnC JTT MaskTune Ours
Time (min)‘ 4 85 58 6.5 18.9

9. More Empirical Observations

In Sec. 3, we claimed that the images on which the model
trained with ERM has a low loss show specific properties.
This assumption is valid since on the images from the ma-
jority groups both the causal and non-causal parts of images
are in accordance with the label. Hence, even if the model
attends more to the non-causal parts or its attention is di-
vided between the causal and non-causal parts, it will still
perform well on the datapoint and obtains a low loss. Fig. 6a
illustrates that the images from minority groups are more
among the images with high losses. On the other hand, im-
ages from majority groups are almost uniformly distributed
between loss quantiles, with a slightly higher probability in
lower loss quantiles, as shown in Fig. 6b. Since the proba-
bility of majority samples is higher than the minority ones
across the dataset and p(low loss|majority) is high, it can
be concluded that the probability of a low loss sample be-
ing from the majority groups is relatively high.

10. Comparison of Attribution Maps

The class activation maps of models trained with ERM and
our method on some samples are illustrated in Figs. 7 to 10.

11. Combined Images

Some examples of combined images and their correspond-
ing label are shown in Figs. 11 to 13.
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Figure 6. (a) Distribution of training images from minority groups
between loss quantiles for the Waterbirds and Dominoes datasets.
(b) Distribution of training images from majority groups between
loss quantiles for the Waterbirds and Dominoes datasets.

Figure 7. Saliency maps of models trained with ERM and our
proposed method on CelebA samples which are misclassified by
the base model trained with ERM.
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Figure 8. Saliency maps of models trained with ERM and our
proposed method on Waterbirds samples which are misclassified
by the base model trained with ERM.
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Figure 10. Saliency maps of models trained with ERM and our
proposed method on Dominoes samples which are misclassified
by the base model trained with ERM.

Figure 9. Saliency maps of models trained with ERM and our
proposed method on Metashift samples which are misclassified by
the base model trained with ERM.
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Figure 11. Low loss training samples in the Waterbirds and their
combinations.
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Figure 13. Low loss training samples in the Dominoes and their
combinations.

Figure 12. Low loss training samples in the Metashift and their
combinations.
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Figure 14. Some samples from the CelebA dataset.
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