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1. Datasets Details

B-Celeba Splits [8 Tasks]. We created 8 splits based on
the original dataset CelebA [5]. Since B-CelebA1 Fig. [1-
8] and B-CelebA2 Fig. [9-16] contain multiple attributes,
we bolded the target used during a specific task. The latent
attribute z used to introduce spurious correlations is gender
(blue Male and red Female, respectively, in the plots). In
our experiments, pcorr is set to 0.95, indicating that 95% of
images with a specific attribute y (e.g., Blond Hair) is of a
particular latent attribute z (gender).

For each task, its training set comprises 4 480 images,
with 2 240 labeled as y = 0 and 2 240 labeled as y = 1, as
well as 2 240 labeled as z = 0 and 2 240 labeled as z = 1.
The test sets, one for each task, are balanced in terms of
the y label the task pertains to and, as a result, the label on
which the model is evaluated. More in detail, in the test
set, each group g = (y, z) consists of 100 images. In cases
where there are not enough elements in the dataset to ensure
this allocation, we ensured the same ratio but with fewer
elements (Heavy Makeup - Task 1 in B-CelebA1). For all
datasets, an image can be selected for only one task.

Biased Camelyon [4 Tasks]. To make the splits of B-
Camelyon Fig. 17, we based on Camelyon17 [1], employ-
ing the version present in WILDS benchmark [6]. Dur-
ing training, images are balanced with respect to tumor/no-
tumor. In this case, we modeled that hospital 0 is correlated
with the presence of a tumor (95% of tumoral images came
from the hospital 0), and hospital 1 is correlated with the ab-
sence of a tumor. Also, hospitals 2 and 3 correlate with “no
tumor” but are in the minority compared to hospital 1 (95%
of no-tumoral images came from the hospital 1 + 2 + 3).
Each hospital has an equal number of tumor and non-tumor
images during testing. Among these, hospital 4, not present
in training, serves as the o.o.d. test.

2. Training Procedure Details
In Algorithm 1, we describe our training procedure. We

use the torchvision ResNet-18 [4] with pre-trained weights
from ImageNet to initialize the feature extractor Fpre :
X → R512, employed for clustering at the start of each
task. For the sake of simplicity, β is a function to get the
bin of an element based on its loss Ltarget computed in step
12, and γ is a function to get the budget of a specific bin.

3. Additional Experiments
Using ViT as a Backbone. We conducted experiments
on B-Celeba1 using a ViT-B/16 [3], freezing the back-
bone Fpre (ImageNet-21k weights) and training only the
task-specific and cluster classifiers. For LwS, we observed
an improvement compared to ResNet-18 of +2.00% on
Accworst and +1.87% on Accavg. Conversely, for SGD,
we noted a decrease of −5.14% on Accworst and an im-
provement of +3.85% on Accavg. Also, in Tab. 1 are shown
experiments on B-Celeba1 and B-Celeba2 using backbone
pre-trained on ImageNet21k with two different strategies:
MoCo v3 [2] and supervised.



Algorithm 1 Learning without Shortcuts (LwS)

1: Require: learning rate ηθ, momentum m, tascs T , number of epochs E, number of batches B, number of clusters |c|,
k-means cluster assignment A, pre-trained feature extractor Fpre, network active parameters θ, β function, γ function.

2:
3: for t = 1, ..., T do
4: Step 1: Cluster Assignment ▷ Init task
5: for c = 1, ..., |c| do
6: Pc = {A(Fpre(xi)) = c}
7: Nc = |Pc|
8:
9: Step 2: Debiased Training

10: for e = 1, ..., E do
11: if e == 5 then
12: Ltarget(Dt) ▷ Calculate loss for all elements
13: for b = 1, ..., B do
14: (xi) ∼ Dt ▷ Sample from current task
15: αi ← ωc

16: α← (α1, ..., α|b|)

17: α← α∑|b|
i=1 αi

18: Lstream ← 1
|b|

∑|b|
i=1 αi∇Ltarget +∇Lcluster

19: for c = 1, ..., c do ▷ Update weights wc

20: ωc ← (1−m)ωc +
m
Nc

∑
(x)∈Pc

Ltarget + Lcluster

21: if |β(xi)| < γ(β(xi)) and e >= 5 then
22: M← xi ▷ Memory insertion
23: ifM is not empty then
24: (xm) ∼M ▷ Sample from bufferM
25: Lbuffer ← 1

|B|
∑|B|

i=1∇Ltarget +∇Lcluster +∇LKD

26: θ ← θ − ηθ(Lstream + Lbuffer)
27: else
28: θ ← θ − ηθLstream

Table 1. Results of various approaches with varying pre-training strategies.

Pre-training Method B-CelebA1 B-CelebA2

Accworst[%] Accavg[%] Accworst[%] Accavg[%]

ImageNet-21K [Supervised]
LwS 54.44 72.97 36.0 68.53
CFIX + replay 17.25 61.25 14.12 60.31
DER++ 15.25 59.45 10.5 57.09

ImageNet-21K [MoCoV3]
LwS 44.04 67.53 32.75 65.31
CFIX + replay 20.37 60.98 17.62 61.47
DER++ 18.5 59.71 18.0 61.22



Task 1 - Train Split
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Task 1 - Test Split
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Figure 1. Task 1



Task 2 - Train Split
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Figure 2. Task 2



Task 3 - Train Split
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Figure 3. Task 3



Task 4 - Train Split
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Figure 4. Task 4



Task 5 - Train Split
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Figure 5. Task 5



Task 6 - Train Split
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Figure 6. Task 6



Task 7 - Train Split
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Figure 7. Task 7
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Figure 8. Task 8
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Figure 9. Task 1
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Figure 10. Task 2



Task 3 - Train Split
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Figure 11. Task 3



Task 4 - Train Split
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Figure 12. Task 4



Task 5 - Train Split
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Figure 13. Task 5



Task 6 - Train Split
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Figure 14. Task 6



Task 7 - Train Split

No B
ig_

Lip
s

Big_
Lip

s

No P
ale

_Sk
in

Pal
e_S

kin

No W
av

y_H
air

Wav
y_H

air

No B
an

gs
Ban

gs

No B
lac

k_H
air

Blac
k_H

air

No W
ea

rin
g_H

at

Wea
rin

g_H
at

No D
ou

ble
_C

hin

Dou
ble

_C
hin

No A
rch

ed
_Ey

eb
row

s

Arch
ed

_Ey
eb

row
s

0.5

0.6

0.7

0.8

0.9

1.0

Pc
or

r

No B
ig_

Lip
s

Big_
Lip

s

No P
ale

_Sk
in

Pal
e_S

kin

No W
av

y_H
air

Wav
y_H

air

No B
an

gs
Ban

gs

No B
lac

k_H
air

Blac
k_H

air

No W
ea

rin
g_H

at

Wea
rin

g_H
at

No D
ou

ble
_C

hin

Dou
ble

_C
hin

No A
rch

ed
_Ey

eb
row

s

Arch
ed

_Ey
eb

row
s

0

500

1000

1500

2000

Co
un

t
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Figure 15. Task 7



Task 8 - Train Split

No B
ig_

Lip
s

Big_
Lip

s

No P
ale

_Sk
in

Pal
e_S

kin

No W
av

y_H
air

Wav
y_H

air

No B
an

gs
Ban

gs

No B
lac

k_H
air

Blac
k_H

air

No W
ea

rin
g_H

at

Wea
rin

g_H
at

No D
ou

ble
_Chin

Dou
ble

_Chin

No A
rch

ed
_E

ye
br

ow
s

Arch
ed

_E
ye

br
ow

s
0.5

0.6

0.7

0.8

0.9

1.0

Pc
or

r

No B
ig_

Lip
s

Big_
Lip

s

No P
ale

_Sk
in

Pal
e_S

kin

No W
av

y_H
air

Wav
y_H

air

No B
an

gs
Ban

gs

No B
lac

k_H
air

Blac
k_H

air

No W
ea

rin
g_H

at

Wea
rin

g_H
at

No D
ou

ble
_Chin

Dou
ble

_Chin

No A
rch

ed
_E

ye
br

ow
s

Arch
ed

_E
ye

br
ow

s
0

500

1000

1500

2000

Co
un

t

Task 8 - Test Split

No B
ig_

Lip
s

Big_
Lip

s

No P
ale

_Sk
in

Pal
e_S

kin

No W
av

y_H
air

Wav
y_H

air

No B
an

gs
Ban

gs

No B
lac

k_H
air

Blac
k_H

air

No W
ea

rin
g_H

at

Wea
rin

g_H
at

No D
ou

ble
_Chin

Dou
ble

_Chin

No A
rch

ed
_E

ye
br

ow
s

Arch
ed

_E
ye

br
ow

s
0.5

0.6

0.7

0.8

0.9

1.0

Pc
or

r

No B
ig_

Lip
s

Big_
Lip

s

No P
ale

_Sk
in

Pal
e_S

kin

No W
av

y_H
air

Wav
y_H

air

No B
an

gs
Ban

gs

No B
lac

k_H
air

Blac
k_H

air

No W
ea

rin
g_H

at

Wea
rin

g_H
at

No D
ou

ble
_Chin

Dou
ble

_Chin

No A
rch

ed
_E

ye
br

ow
s

Arch
ed

_E
ye

br
ow

s
0

50

100

150

200

Co
un

t

Figure 16. Task 8



Task{1,2,3,4} - Train Split
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Figure 17. Task 1
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