A. Supplementary material
A.1. Statistical significance of results

Each bias detection experiment was performed three
times, due to the inherent randomness of the permutation test.
We report the differences of the computed p-values (note
that the d-values are exact) between the three runs: in 93%
of cases the differences are in the range of =0.005, with the
maximum difference of +0.0135 observed in the first layer
of the supervised model (Intersectional-Valence-BFBM).

A.2. Bias detections in the random model

Complementing Section 4.2 of the full paper, we pro-
vide further examples of bias detections in the randomly
initialized ResNet models. At least 10 biases are detected
in most ResNet layers of the 3 randomly initialized models
(see Tables 1 and 7), namely:

e Weapon - Tool vs. Black - White
* Weapon - Tool (modern) vs. Black - White
* Thin - Overweight vs. Pleasant - Unpleasant

* Light skin tone - Dark skin tone vs. Pleasant - Unpleas-
ant

* Lincoln - Trump vs. Pleasant - Unpleasant
* Arab (Muslim) - Other people vs. Pleasant - Unpleasant
e Career - Family vs. Male(White) - Female(White)

e Career - Family vs. Male(White+Black) - Fe-

male(White+Black)
 Career - Family vs. Male(Black) - Female(Black)
 Career - Family vs. Male(Black) - Female(White)

We hypothesize that the source of these biases is the
distribution of the pixel values rather than the concepts rep-
resented in the images. To exemplify this hypothesis we
refer to one of the biases detected by the random model in
the GAP-layer: Lincoln - Trump vs. Pleasant - Unpleas-
ant. As can be seen in Tables 1 and 7, this bias is present
in the GAP-layer embeddings of the random model, with
p = 0.05. After randomly shuffling the pixels in the images
representing the two presidents, as shown on Figures 1 and
2, we repeat the bias detection process and observe that this
bias is still present, with p = 0.004. Therefore, not only
the bias persisted but also it became much more statistically
significant. We can argue that this bias detection is triggered
by the correlation between the pixel values distributions of
the test data and not by the semantic concepts represented
by the data.

Table 1. Comparison between the results of the bias detection
in the GAP embeddings of the random model, performed on the
transformed images and the original images (see Section A.2 of
this supplementary material). Each cell contains two numbers
corresponding to the test results: the p-value (at the top) and the
d-value (on the bottom). Cells are colored according to the p-values
they contain.

Transformed
images

Original
images

Weight

Skin-Tone

President - Bush vs. Trump 091 0.08
President - Lincoln vs. Trump 0.05
Gender-Career

Intersectional-Gender-Science-WMBM

Intersectional-Gender-Science-WMBF

Intersectional-Gender-Career-MF

-0.25 0.31

. 0.19 0.06
Intersectional-Gender-Career-WMBM 028 0.48
0.99 0.06

Intersectional-Gender-Career-WMWF 081 05
Intersectional-Gender-Career-BMWF
Intersectional-Valence-BW
Intersectional-Valence-WMBM
Intersectional-Valence-WMBF
Intersectional-Valence-WMWF

Intersectional-Valence-WFBM

Intersectional-Valence-WFBF

Intersectional-Valence-FM

0.29 0.17

Table 1 comprises the differences in bias detection after
pixel shuffling (transformed images) for all the detected
biases in the GAP-layer embeddings.

We observe that for the majority of biases detected in the
embeddings of the original images, biases are still detected
when the images are transformed.

A.3. Bias detections in shallow layers

Overall, 17 biases (at p; < 0.05) are detected for at least
8 out of 12 considered models (excluding the random model)
in the first ResNet block (See Table 2). The experiments
presented in Section A.2 of this supplementary material show



Figure 1. Images representing President Lincoln (on the top) and their transformed versions with all pixels randomly permuted (on the

bottom).

Figure 2. Images representing President Trump (on the top) and their transformed versions with all pixels randomly permuted (on the

bottom).

that biases might be detected based on low-level similarities
between corresponding images. Hence, we argue that a
reason for the large number of bias detections in the shallow
layers of ResNet relates to the correlations between the low-
level features of the test images and not to the high-level
abstract concepts that they represent.

A.4. Nature of the acquired biases

As was highlighted in the full paper, the general trend
for all models is to incorporate more biases, as the depth
of the embeddings (and, therefore, their level of semantic
abstraction) increases. The trend, however, does not include
the embeddings from the shallow layers, as they yield a large
amount of biases due to the correlations in the low-level
image characteristics (as described in Section A.3 of this
supplementary material).

Figure 9 illustrates the biases detected in the embeddings
extracted from different layers of one of the studied models,
BYOL (for other models, see corresponding figures in Sec-
tion A.5 of this supplementary material). One can observe
that biases such as "Insect-Flower", "Intersectional-Gender-
Career-WMBM", "Gender-Science" appear in the deep em-
beddings, while being absent in the shallow ones. Moreover,
most of the detected biases (in all layers) correspond to the
Intersectional biases (a similar trend is seen in other models).

A.5. Additional figures and tables

This Section contains figures and tables presenting the
complete results of the bias detection experiments, specifi-
cally:

¢ Full results (p- and d-values) for the bias detection
experiments (Tables 2, 3, 4, 5, 6, 7).

* Statistical strength of detected bias on a per-layer basis
(Figures 3, 4,5, 6,7, 8).

* Presence of biases in different layers of the same model
(Figures 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21).

Apart from the general conclusions and observations
outlined in the main paper, one can see from Tables 3-
7 that certain biases are present in different layers of all
(or almost all) analyzed models. In particular, the "Race",
"Intersectional-Valence-BW" and "Intersectional-Valence-
WFBM" biases are present in the second block embed-
dings of all models (except the random model). Further-
more, "Intersectional-Valence-BW", "Intersectional-Valence-
WEFBM" and "Intersectional-Valence-WFBF" biases are
found in the embeddings of the thrid block of all models
(except the random model). A similar trend is observed in
the deeper embeddings, which might signal that the training
dataset (ImageNet) implicitly incorporates the aforemen-
tioned biases. A research in this direction (investigating not



yet recognized ImageNet biases and studying presence of
biases across different models) opens paths for the future
work.



Table 2. Results for the detection of biases based on the 1** block embeddings of 13 models. Each cell contains two numbers corresponding

to the test results: the p-value (at the top) and the d-value (on the bottom). Cells are colored according to the p-values they contain.

Relative

Random Jigsaw Rotation location ClusterFit ODC SwAV NPID MoCo_vl MoCo_v2 SimCLR BYOL Supervised
InsectFl. 099 099 099 0.99 099 099 099 099 099 0.99 099 099 0.99
nsect-Hlower 096 -092 086  -0.94 087 -085 -065 -0.88  -0.82 075 065 -0.83 0.8
W 094 097 0.96 095 097 099 096 097 0.98 099 097 0.97
capon 089 -1.02  -096 092  -1.07 -128 -096  -1.02 118 127 -1.02 -1.06
W Modern) 096 095 0.91 097 092 08 097 095 0.76 075 095 0.92
capon (Modern 099 098  -0.78 106 -08 051 -1.05  -0.97 043 04 -096  -0.81
Nati 065 077 07 0.58 0.8 043 026 074  0.63 0.38 039 057 0.53
ative 02 038 027  -0.11 043 009 033 -034 -0.17 0.16 0.14  -009  -0.03
Asi 085 093 093 0.94 093 094 097 093 095 0.95 097 094 0.95
stan 062 -085 086  -0.88 085 -093 -1.04 -088  -0.95 098 S109 092 -0.94
Weight
Skin-Tone
Disabilit 031 026 0.9 0.19 027 037 029 017 027 0.29 0.24 0.2 0.21
1sability 037 056  0.64 0.7 0.61 027 045 07 0.54 0.47 047  0.66 0.64
President - Kennedy vs. T 047 044  0.63 0.66 041 051 085 046 0.6 0.71 085 055 0.69
resident - Kennedy vs. Lrump 0.04 0.1 02 0.25 014  -001 -0.67 006 -0.14 037 0.66  -0.08 03
President - B. Clint T 019 065 0.8 0.68 065 049 041 064 055 0.5 037  0.64 0.64
resident - B. LAmnton vs. Arump 055 -023  -03 -0.28 024 001 015 -021  -0.09 -0.01 023 022  -023
President - Bush vs. T 052 025 027 0.29 024 026 037 024 027 0.3 037 027 0.3
resident - Bush vs. Lrump 003 041 037 0.33 0.43 039 023 042 0.37 0.3 024 036 0.33
Reliei 086 059 053 0.56 057 051 049 055 053 0.51 048 056 0.53
cligion 064 -0.13 005  -0.09 011  -002 001 -008  -0.04 -0.01 003  -009  -0.04
Sexualit 058 05 046 0.45 0.5 041 022 046 041 0.28 0.24 0.4 0.38
cexuality 01 001 006 0.06 0.0 012 038 004 011 0.28 034 013 0.14
R 0.1 084 074 0.69 086 069 01 084 072 0.4 011 074 0.63
ace 075 062 -04 032 068 03 076 -062  -037 0.13 072 -04 02
Arab.Musli 012 012 0.12 013 012 016 012 013 0.14 018 012 0.14
rap-Musim 053 053 0.54 0.51 051 045 053 0.51 0.5 042 053 0.52
A 056 052 0.49 058 049 028 057 0.5 0.35 024 051 0.46
& 009 009 -003 001 0.13 001 036 -0.1 0.0 0.24 043 -0.01 0.07
Gender-Sci 014 083 071 0.85 075 081 08 078 082 0.76 079 081 0.65
ender-science 026 -021 -0.13  -0.24 016 02 019 -017  -02 0.16 018  -02 -0.09
Intersectional-Gender-Science.ME 098  0.98 0.98 097 099 099 098 099 0.99 0.99
nlersectional-bender-science- 013  -045 046  -0.46 045  -054 058 -047  -0.51 0.54 057  -05 046
. . 0.31 0.05
Intersectional-Gender-Science-WMBM 0.15 051
. . 0.15 0.09 0.1
Intersectional-Gender-Science-WMBF 0.34 0.44 0.4
. . 092  0.99 . X 0.99 X 0.99 099 099 0.99
Intersectional-Gender-Science- WMWE 4 gog 095 098  -097 -1.04 -1.03 -099  -1.03 -1.0 202 101 093
Intersectional-Gender-Science BMpr 033 062 061 0.57 0.63 07 068 063 066 0.66 0.67  0.66 0.58
nlersechional-bender-science- 014  -0.1  -008  -0.06 011  -017 015 -0.11  -0.13 0.14 0.14 013 -0.06
. . 096 099  0.99 0.99 099 099 099 099 099 0.99 099 099 0.99
Intersectional-Gender-Science-BMWF 50 {59 156  _{57  -16 -159 -156 -1.6  -1.6 155 154 <16 -1.54

Intersectional-Gender-Career-MF

Intersectional-Gender-Career-WMBM

Intersectional-Gender-Career-WMBF

Intersectional-Gender-Career-WMWF

Intersectional-Gender-Career-BMBF

Intersectional-Gender-Career-BMWF

Intersectional-Valence-BW

Intersectional-Valence-WMBM

Intersectional-Valence-WMBF

Intersectional-Valence-WMWF

Intersectional-Valence-WFBM

Intersectional-Valence-BFBM

Intersectional-Valence-WFBF

Intersectional-Valence-FM

0.38
0.09 0.1

. 0.47
-0.13 0.02
0.14
0.38

0.5

0.35
0.11
0.05
0.51

0.49
0.0

0.51
-0.01

0.19
0.27
0.14
0.34

0.48
0.01

0.4 0.45
0.09 0.04

041 051
0.06 -0.01

0.18

0.01

0.01

0.02

0.43
0.06

0.01

0.18
0.3
0.16
0.32

0.03

0.38
0.1
0.05

0.02




Table 3. Results for the detection of biases based on the 2™ block embeddings of 13 models. Each cell contains two numbers corresponding
to the test results: the p-value (at the top) and the d-value (on the bottom). Cells are colored according to the p-values they contain.

Relative

Random Jigsaw Rotation location ClusterFit ODC SwAV  NPID MoCo_vl MoCo_v2 SimCLR BYOL Supervised
InsectFlower 099 098 099 097 073 099 098 098 099 099 097 099 097
074 047 059 047  -0.14 053 -047 -048 057 057 045 -064  -047
Weapon 099 084 099 078 058 087 099 0.6 0.93 073 082 097
{145 061  -126 049 012 -069 -114 -027  -082  -039 -058  -1.06
Weapon (Modern) 099 099 09 099 078 091 079 051 092 079 086 095
472 <13 <16 -159 046 -081 -049  -002  -083  -047 -064  -097
Native 074 073 048 094 08 08 059 071 078 084 084 08 0.87
034 032 002 078  -042 049 -0.12 029 -041 052 051 -045  -058
sian 085 064 058 069 071 061 041 088  0.67 049 048 036 0.3
063 024 013 031 -036 0.9 015 -07  -027 0.02 004 021  -021
Weight - 0.1 0.07 0.06 007
0.59 0.67 072 066
SkinTone 026 062 04 055 049 051 0.68 061  0.65 053
036 019 014 -007 001 002  -027  -015 -023  -0.04
Disabiliy 009 01 009 0.1 0.09 0.1 011 011 007
. . 112 105 093 1.09 1.08 0.96 106 104  LI3
resident - Kennedy ve. Trump 043 095 095 095 098 092 094 096 095 0.92 095 093 095
: 011 094 095 097  -115 083 -092 -0  -093  -081 093 -087  -094
President - B. Cliton vs, Trump 017 025 04 034 036 016 043 022 029 0.45 042 059 039
' ' 06 041 016 026 023 058 011 046 032 0.08 012 012 018
President - Bush v, Trump 043 032 043 041 04 033 035 034 039 038 034 043 035
: 01 031 011 014 015 028 023 026 017 0.19 021 011 023
resident - Lincoln vs. Trump 011 018 013 028 009 027 013 012 014 021 016 017
076 054 07 035 08 04 067 07 0.63 047 058 055
Religion 085 066 048 07 059 066 068 06 07 0.61 07 068 057
2059 023 002 -03 002 022 -026 -028  -0.3 016 03 -026 -0l
Sexuality 048 033 023 032 009 021 02 029 026 018 019 025 0.3
002 022 036 023 063 038 041 028 031 0.43 043 033 027
Race 0.12
0.69
b Musli 014 012 017 0.1 016 006 0.8 018 0.07 0.07 005 0.2
05 053 045 059 045 07 043 041 0.66 065 071 054
Age 059 018 021 023 018 011 029 012 016 0.15 018 022 017
015 06 054 045 061 074 042 072 063 0.65 06 051 0.6
Gonder-Science 047 049 05 059 031 045 025 057 05 029 035 032 059
005 001 00 005 011 003 015 -004 00 0.12 008 01  -0.05
Gender-Carcer 0.29 0.08 005 013 008 017 021 008 012 02 0.2
0.12 03 036 026 031 022 018 032 027 019 02
Intersectional-Gender-SeienceMF 078 099 097 099 096 099 099 099 099 099 099 099 099
2018 049 042 053 039 047 -052 -048 052 056 053 -049  -053
. . 02 017 046 021 04 032 012 017 02 0.21 023 018 0.2
Intersectional-Gender-Science-WMBM 57 031 g4 027 009 016 038 031 028 0.27 025 03 0.28
Inersectional Gender Science.wnpe 01 024 04032 034 029 025 02 026 036 035 026 035
04 023 009 016 015 019 023 026 021 0.12 014 022 013
. . 096 099 099 099 099 099 099 099 099 099 099 099 099
Intersectional-Gender-Science- WMWE 57 g9 977 084  -074 09 -083 -085 -0.88 08 086 081  -0.82
Inersectionl-Gender-Science.Bypr 039 063 041 07 041 045 073 058  0.62 074 068 064 074
009 -0.2 008  -0.17 007 004 -021 -006  -0.I 02 015 012 -021
. . 099 099 099 099 099 099 099 099 099 099 099 099 099
Intersectional-Gender-Science-BMWE 70 {56 {05 131 .05  -127 -132 -129  -134 133 <131 -129 124
Itersectional-Gender-Career M 077 031 07 042 074 08 071 072 0.8 081 075 073
017 012 012 004 014 -021 -012  -0.03  -019 02  -015  -0.14
) 039 083 044 083 057 08 08 084 086 0.73 082 079 073
Intersectional-Gender-Career-WMBM 509 53 005 032 -006 -035 -04 -032 -035 202 03 027 02
. 0.0 009 032 007 018 | 008 006 007  0.06 0.25 012 011 021
Intersectional-Gender-Career-WMBF 4 943 015 045 03 046 049 048 048 0.22 038 04 0.27
. 014 092 046 085 067 088 093 08 088 088 093 09 0.84
Intersectional-Gender-Career-WMWE 3¢ 945 003 034 0.7 039 -048 -039 -039 037 047 042  -034
. 008 038 027 035 021 037 042 031 036 0.5 041 034 042
Intersectional-Gender-Career-BMBF 044 011 02 012 026 01 007 016 012 -0.0 008 014 006
. 012 099 04 099 079 099 099 099 099 098 099 099 098
Intersectional-Gender-Career-BMWE 35 041 009 .076  -026 -083 -093 -082 -081 065 086 076  -061

Intersectional-Valence-BW

Intersectional-Valence-WMBM

Intersectional-Valence-WMBF

Intersectional-Valence-WMWF

Intersectional-Valence-WFBM

Intersectional-Valence-BFBM

Intersectional-Valence-WFBF

Intersectional-Valence-FM

X 0.48
-0.09 0.01
0.19
0.29
0.44 0.08

0.32

0.72
-0.19

0.24
0.16

0.56
-0.05

0.11
0.28

0.64
-0.12

0.19
0.2

0.57
-0.06

0.09
0.29

0.41
0.08

0.06
0.34

0.56

-0.05 -0.06

0.1
0.3

0.09
0.31

0.51
-0.0

0.45
0.04

0.49
0.01

0.47
0.02

0.09
0.3

0.06
0.34

0.1
0.29

0.08
0.31




Table 4. Results for the detection of biases based on the 3™ block embeddings of 13 models. Each cell contains two numbers corresponding

to the test results: the p-value (at the top) and the d-value (on the bottom). Cells are colored according to the p-values they contain.

Relative

Random Jigsaw Rotation location ClusterFit ODC SwAV  NPID MoCo_vl MoCo_v2 SimCLR BYOL Supervised
Insect.Fl 098 099 099 099 099 099 099 099 099 0.99 099 099 0.99
nsect-Hlower 053 -072 081  -0.66 064  -068 069 -069 -0.85 -0.89 06  -069  -0.61
W 075 075 092 0.69 0.8 | 007 066 027 0.19 045 046 0.41
capon 042  -04 -0.82 028 -051 089 -025 039 0.53 007  0.05 0.14
W Mod 096 088 085 067 049 059 072 086 0.89 087  0.89 0.63
eapon (Modern) 097 071 061 -027 001 -0.14 -04  -065 074 068 073  -02
Nati 069 057 035 077 0.7 077 053 064  0.62 0.63 0.56  0.66 0.42
ative 028 -009 02 -0.38 026  -04 -004 -019 -0.17 -0.19 007  -0.23 0.11
A 0.8 04 024 0.3 033 053 015 038 057 0.34 019 0.9 0.22
sian 053 015 043 0.31 027  -006 061 02 0.11 0.28 054 078 0.48
Weisht 0.05 0.41 0.05 0.14
cig 0.73 0.12 0.74 0.49
Skin T 047 043 041 056 039 0.43 043 0.3 0.55
n-lone ) . 0.04 01 013 -008 0.6 0.1 0.1 004  -0.06
Disabilit 049  0.09 0.09 0.2 029 007 056 0.46 011  0.14 0.06
1sability 004  1.05 1.07 0.68 049 112 -0.15 0.05 091 089 1.1
President - Kennedy v, T 043 091 092 091 089 097 098 095 091 0.96 099 098 0.9
resident - ennedy vs. Lrump 012 -078 -081  -0.78 074  -106 -1.16 -096  -0.81 -0.99 121 -L12 075
President - B. Clint T 026 061 058 054 0.9 073 074 067 097 0.95 073 088 0.66
resident - B, LAmnton vs. Lrump 046  -0.18 -0.13  -0.05 076  -036 037 -026 -1.03 -0.96 036 -068  -0.26
President - Bush vs. T 051 049 041 0.45 0.57 04 035 041 076 0.64 046  0.56 045
resident - Bush vs. Lrump 001 002 013 0.07 011 016 022 013  -042
Prosident - Lincoln ve. T 0.2 021 0.12 017 025 036 022
resident - Lincoin vs. frump 0.71 0.5 0.71 0.56 042 022 047
Reliei 085 057 049  0.62 0.52 05 069 062 058
chigion 059 -0 001 -0.16 002 00 027 -017  -0.11
. 049 038 034 039 023 035 033 033 022
Sexuality
0.38
0.06
Race 0.9
. 0.09
Arab-Muslim 0.6
A 0.86 X .
8¢ ) -0.69 046 047 008 0.37
Gender-Sci 0.57 0.08 0.26 0.06 014 0.6 0.06
ender-science -0.04 0.32 0.14 0.34 024 035 0.34
0.08 0.33 0.08
Gender-Career 031 01 031
. . 0.71 X 0.99 0.99 0.99
Intersectional-Gender-Science-MF 014 -058 057 -057 052 054 -052 -055  -0.59 057 049 052  -048
. . 054 021 033 0.2 023 021 055 013 026 0.31 035 023 0.33
Intersectional-Gender-Science-WMBM 03 057 015 027 024 027 -004 036 022 0.16 013 024 015
Intersectional. Gender Science. wMpE 062 044 054 042 037 035 07 03 0.49 0.6 044 046 0.49
ntersectional-bender-science- 012 005 004 006 0.11 013 -0.17 0.7 0.01 -0.08 005 003 0.0
. . 077 099 099 099 099 099 099 099 099 0.99 099 099 0.99
Intersectional-Gender-Science- WMWE 56 051 o84 081  -082 -087 -078 -082  -0.83 077 08  -074  -071
. . 057 084 078 083 0.7 07 071 08 0.83 0.85 062 08 0.74
Intersectional-Gender-Science-BMBF ¢ 935 924 031 018 018 -0.18 -027  -0.31 033 01 =027 02
) . 066 099 099 099 099 099 099 099 099 0.99 099 099 0.99
Intersectional-Gender-Science-BMWE ¢ _[os {17 {27 .25  -131 -098 -132  -132 07 <116 -L17 <107
Intersectional.Gender-Carcer-MF 0.7 0.4 0.61 0.42 0.6 026 047 057 0.3 023 036 0.34
niersectional-tender-Lareer- 012 006  -0.07 004  -006 015 001  -0.04 0.12 0.16  0.08 0.09
. 027 086 075  0.66 0.8 082 071 083 075 0.73 084 083 0.59
Intersectional-Gender-Career-WMBM 51 935 051 013 -026  -03 -0.18 -033  -0.22 02 =031 032 -0.08
. 018 012 009 017 0.09  0.08 0.09 013 0.08 0.15
Intersectional-Gender-Career-WMBF 3" 3¢ 949 (3 043 044 044 037 0.45 0.34
. 01 077 062 081 0.57 08 073 061 074 0.52 0.66  0.68 0.61
Intersectional-Gender-Career- WMWE 45 996 o117 020 006 027 -02 -01  -022 003 <013 015  -0.1
. 008 049 026 026 034 032 008 036 037 0.22 0.08  0.18 0.2
Intersectional-Gender-Career-BMBF 045 00 021 02 014 015 045 013 011 0.25 043 029 028
. 098 086 094 088 098 0.88 094 092 0.79 093 094 0.74
Intersectional-Gender-Career-BMWF 067 <035 -049  -038  -062 -038 -051  -045 026 047 049 021
Intersectional-Valence-BW
. 063 01 014  0.14 0.07 007 024 007 0.8 0.12 013 0.07 0.07
Intersectional-Valence-WMBM 012 041 034 034 048 048 023 047 03 0.38 036 046 047
Intersectional-Valence. WMBE 059 012 014 021 005 008 021 005 021 0.24 0.07  0.11 0.06
niersectional- Valence- 008 038 035 0.26 0.51 046 027 051 026 0.23 047 039 0.5
Intersectional-Valence-WMWF g?g
Intersectional-Valence-WFBM ggg
Intersectional. Valence. BEBM 054 045 051 0.37 059 045 054 056 044 0.28 062 04 0.54
niersectional-valence- 004 004  -001 0.11 008 004 -003 -005  0.05 0.19 0.11  0.09 -0.04
. 0.42
Intersectional-Valence-WFBF 0.06
0.41

Intersectional-Valence-FM




Table 5. Results for the detection of biases based on the 4™ block embeddings of 10 models. Each cell contains two numbers corresponding
to the test results: the p-value (at the top) and the d-value (on the bottom). Cells are colored according to the p-values they contain.

Random Jigsaw Rotation ﬁ;l:ttil(‘;s ClusterFit ODC SwAV  NPID MoCo_vl MoCo_v2 SimCLR BYOL Supervised

InsectFl. 098 099 097 0.98 099 099 076 099 099 0.99 095 091 0.99
nsect-Hlower 052  -071 046  -0.48 076  -082 017 -087  -0.99 -0.99 04 -032  -0.84
W 013 022 0.16 045 062 074 075  0.68 0.83 022 056 0.69
capon 067 046 0.62 0.05 02 038 -041  -0.29 058 047  -009  -031
W (Modern) 01 028 0.77 072 085 009 083 042 0.98 0.3 0.27 0.96
capon (Modern 078 036  -0.46 034  -062 078 -057 0.4 -1.19 033 039 -1.0
Nati 082 073 058 0.45 075 077 074 049  0.68 0.61 0.58  0.59 0.94
ative 049 -033 -0l 0.22 035 039 -034 001  -023 -0.16 009 012  -0.79
Asian 0.84 0.58 0.72 078 041 025 041  0.68 0.48 0.25 0.2 0.47
St 013 -0.36 052 026 0.06
Weight g;g
Skin-Tone
Disability

President - Kennedy vs. Trump
President - B. Clinton vs. Trump
President - Bush vs. Trump
President - Lincoln vs. Trump
Religion

Sexuality

Race

Arab-Muslim

Age

071 039 048 079 062 021 013 041 013 0.73 046 007 0.2
017 006 001 -019  -007 018 025 005 025 014 002 032 026

Gender-Science

Gender-Career

Intersectional-Gender-Science-MF

Intersectional-Gender-Science-WMBM
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Intersectional-Valence-WMBM
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Intersectional-Valence-WFBM

Intersectional-Valence-BFBM 004 051 043 0.1 028 036 007 045 004 0.28 017 02 0.17

Intersectional-Valence-WFBF

Intersectional-Valence-FM




Table 6. Results for the detection of biases based on the 5" block embeddings of 13 models. Each cell contains two numbers corresponding
to the test results: the p-value (at the top) and the d-value (on the bottom). Cells are colored according to the p-values they contain.

Random Jigsaw Rotation i)ecl:ttil(‘;s ClusterFit ODC SwAV  NPID MoCo_vl MoCo_v2 SimCLR BYOL Supervised
InsectFl 099  0.99 0.99 0.37
nsect-Hlower 06  -056 -0.58 0.08
W 055  0.96 0.14 097 094 095 097 0.69 0.59 014 015 0.95
capon 008 -1.04 066 111 -092 091 0.24 0.14 063 065 -0.95
W Mod 007 077 0.5 0.11 088 083 093 0.85 0.99 0.05 015 0.99
eapon (Modern) 086 -044  -00 0.71 068  -06 -086 -0.59 -1.35 095  0.62 127
Nati 0.89 0.62 0.97 0.84 093 0.98 0.55 0.66  0.44 0.99
ative 0.62 0.15 094  -053 -0.73 -1.03 -0.08 021 008 129
Asi 0.55 0.61 044  0.53 0.86 0.58 0.96 0.9 0.38
sian 009  -019 011 -0.05 0.67 0.11 210 075 0.21
Weicht 0.29 099 099 0.07 0.95 0.28 0.94 0.41
cig 0.28 153 -098 065 0.71 0.29 0.71 0.11
SKin.T 0.05 046 035 0.84 0.72 0.59 041 092 0.96
n-lone 0.52 0.86 0.05 022 -0.54 -0.36 0.22 013 -075 0.92
Disabilit 0.7 0.29 0.87 0.77 0.2 0.9 067  0.59 0.47
1sability 035 0.49 086  -053 0.66 -1.07 03 -0.15 0.08
President - Kennedy vs. T 0.47 0.41 098 093 095 0.99 0.67 099 099 0.93
resident - ennedy vs. Lrump 0.04 0.15 112 -087 -092 147 023 14 -l44 088
President - B. Clint T 0.37 0.77 099 099 0.99 0.99 0.97 099 099 0.99
resident - B. LAmnton vs. Lrump 0.28 -0.46 125 -128 -1.18 124 -1.0 152 -124 -143
President - Bush vs. T 0.67 0.2 072 091 059 0.95 0.6 089 078 0.94
resident - Bush vs. Lrump 023 0.51 036 -0.78 -0.15 0.94 0.14 075  -052  -0.93
President - Lincoln vs. T 0.21 0.1 098 025 0.94 0.71 0.2 089 085 0.51
resident - Lincoin vs. frump 0.57 0.78 121 04  -092 -0.34 0.51 073 -0.65 0.01
Reliei 0.88 0.64 029 046 043 0.23 0.42 0.4 0.37 0.29
chigion 0.67 02 0.31 0.06  0.09 0.42 0.1 0.14 019 0.32
Sexualit 0.43 0.55 0.4 026 0.29 0.15 0.45 048 045 0.61
cxuality 0.08 -0.06 0.29 0.53 0.06 003 007 0.15
R 0.38 0.89 0.18 0.97 0.77 0.1 0.94
ace 0.19 0.74 0.58 -1.17
. 0.07
Arab-Muslim 0.69
0.52
Age -0.04
) 0.78
Gender-Science 03
Gender-Career
Intersectional-Gender-Science-MF -%9316
Intersectional-Gender-Science-WMBM ggi
Intersectional-Gender-Science-WMBF _%?&
Intersectional-Gender-Science-WMWF %%36
Intersectional-Gender-Science-BMBF (())8378
Intersectional-Gender-Science-BMWF %219
Intersectional-Gender-Career-MF
. 0.28
Intersectional-Gender-Career-WMBM 0.19
Intersectional-Gender-Career-WMBF %137
Intersectional-Gender-Career-WMWF gg
Intersectional-Gender-Career-BMBF ggg
Intersectional-Gender-Career-BMWF (:)056
Intersectional-Valence-BW _%gzl
Intersectional-Valence-WMBM 0.76
ntersectional- ence- L0.24
Intersectional-Valence-WMBF _(())8218
. 0.32 . 0.21 0.51
Intersectional-Valence-WMWF 0.18 0.45 0.26 0.0l )
. 0.64 0.94 0.11 0.99
Intersectional-Valence-WFBM 012 -0.49 \ ) ) 038 081
) 041 011 096 . . . 0.83 0.65 0.44 0.18
Intersectional-Valence-BFBM 007 04 056 00 038 026 015 -03  -0.13 052 005 021 029
. 072 006 041 038 032 024 0.12 0.99
Intersectional-Valence-WFBF 019 05 0.07 - 01 0.16 0.24 0.39 0.98
Intersectional-Valence.EM 0.29 0.95 0.1 0.18 0.09 0.49 0.59 0.23 I 0.89
niersectional-valence- 0.12 037 029 0.21 03 00 -0.06 0.16 0.3 027




Table 7. Results for the detection of biases based on the GAP-layer embeddings of 13 models. Each cell contains two numbers corresponding
to the test results: the p-value (at the top) and the d-value (on the bottom). Cells are colored according to the p-values they contain.

Relative

Random Jigsaw Rotation location ClusterFit ODC SwAV NPID MoCo_vl MoCo_v2 SimCLR BYOL Supervised
Insect-Flower 0.97 0.99 0.99
-0.54 -0.81 -0.57
Weapon 0.35 0.81 0.13 0.08 0.93 0.23 0.85 0.71 0.54 0.9 0.97 0.17 0.99
0.23 -0.51 0.7 0.85 -0.85 045 -0.61 -0.33 -0.06 -0.78 -1.05 0.56 -1.28
Weapon (Modern) 0.14 0.67 0.47 0.05 0.66 055 092 099 0.83 0.99 0.37 0.68 0.99
0.68 -0.27 0.05 0.93 -0.26 -0.08 -0.86 -1.44 -0.57 -1.24 0.21 -0.28 -1.36
Native 0.76 0.74 0.85 0.99 098 091 0.92 0.99 0.99 0.99 0.63 0.99
-0.37 -0.35 -0.53 -1.37 -1.01  -0.69 -0.7 -1.44 -1.03 -1.34 -0.17 -1.51
Asian 0.72 0.48 0.55 0.52 0.91 0.99 0.89 0.99 0.98 0.71 0.94 0.99 0.13
-0.35 0.02 -0.08 -0.04 -0.81 -1.47 072 -1.34 -1.18 -0.35 -0.91 -1.19 0.7
Weight 0.99 0.83 - 0.66 0.36 0.12 0.75 0.31
-1.28 -0.44 -0.2 0.17 0.54 -0.31 0.22
Skin-Tone 0.68 0.38 0.84 0.2 0.69 0.79 0.34 0.9 0.91
-0.27 0.16 -0.56 047 -0.28 -0.45 0.22 -0.7 -0.73
Disability 0.63 043 014 0.61 0.13 0.56 0.44 0.8 0.41
-0.33 0.12 0.8 -0.17 0.87 -0.14 0.39 -0.61 0.16
President - Kennedy vs. Trump 0.98 0.94 0.89 0.99 0.99 0.92 0.9
-1.08 -0.92  -0.74 -1.33 -1.26 -0.85 -0.76
. . . . A 0.99 085 097 099 0.99 0.9 0.96
President - B. Clinton vs. Trump 0.08 046 062  -124 063 -1.06 -143  -14 079 -1.03
President - Bush vs. Trump 0.44 0.23 0.21 0.79 035 047 0.73 0.81 0.56 0.94
. 0.08 0.52 0.47 -0.49 0.25 0.06 -0.36 -0.53 -0.11 -0.9
President - Lincoln vs. Trump 0.1 0.98 0.38 0.92 0.81 0.73 0.51 0.2
: 0.74 -1.23 0.18 -0.86 -0.54 -0.38 -0.01 0.49
Religion 0.73 0.31 0.17 0.54 0.32 042 035 034 0.13 0.25 0.11
-0.34 0.28 0.54 -0.07 0.27 0.11 0.22 0.24 0.61 0.38 0.68
Sexuality 0.24 0.42 0.14 0.64 0.28 0.14 0.35 0.17 0.16 0.33 0.76
0.34 0.1 0.52 -0.18 0.3 0.55 0.2 0.48 0.48 0.23 -0.35
Race 0.24 0.33 0.37 0.39 0.87 0.82
0.44 0.26 0.23 0.17 -0.71 -0.54
Arab-Muslim 0.2 0.15 0.17 0.47 0.46 0.14 0.12
0.4 0.46 0.44 0.04 0.04 0.48 0.53
Ace 0.66 0.99 0.99 0.99 0.52 0.86 . . 0.32 0.99
& -0.29 -1.5 -1.45 -0.94 0.74 -1.37  -1.2 -0.02 -0.66 -0.66 -0.77 0.29 -1.35
Gender-Science 0.81 0.6 0.26 0.14 0.14 035 023 0.78 0.72 0.9
-0.25 -0.06 0.15 0.25 0.25 0.1 0.16 -0.18 -0.13 -0.3
Gender-Carcer 0.72 0.84 0.54 0.12 0.11 0.36
-0.13 -0.23 -0.03 0.26 0.28 0.08
. . 0.75 0.87 0.17 0.91 0.78 098  0.97 0.7 0.92
Intersectional-Gender-Science-MF 0.17 025 0.22 03 018 044 043 -0.12 032
. . 0.6 0.1 0.44
Intersectional-Gender-Science-WMBM 008 041 0.06
. . 0.37 0.1 0.27 0.11
Intersectional-Gender-Science-WMBF 01 0.41 02 ) 0.4
. . 0.99 0.99 0.05 0.92 099 096 0.88 0.97
Intersectional-Gender-Science- WMWE o 69 75 052 . 044 069 05 037 06 072 04
. . 0.19 0.3 0.58 0.51 0.28 0.75 0.9 0.33 0.64 0.82 0.77
Intersectional-Gender-Science-BMBF 35 77 o6 001 018 022 041 005 012 029 023
. . 0.99 0.97 0.45 0.99 0.97 099 099 0.99 0.99 0.99 0.99
Intersectional-Gender-Science: BMWE 39 061 004 144 06 13 13 -L16 -143  -151  -127
Intersectional-Gender-Career-MF gg?
. 0.07 0.63 0.46
Intersectional-Gender-Career-WMBM 0.48 011 0.03
. 0.84 0.67 0.38
Intersectional-Gender-Career-WMBF 033 015
0.06 0.83

Intersectional-Gender-Career-WMWF

Intersectional-Gender-Career-BMBF

Intersectional-Gender-Career-BMWF

Intersectional-Valence-BW

Intersectional-Valence-WMBM
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Intersectional-Valence-FM
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0.17 029 0.06 -0.12 0.15 0.32 -0.04




Name of the bias

Race

Intersectional-Gender-Career-BMWF » + > >
Intersectional-Gender-Career-WMWF o 4e >
Intersectional-Gender-Science-WMBF - ® o »> > > .

Intersectional-Gender-Science-WMBM - @r > >
Intersectional-Valence-BW 1 ®
Intersectional-Valence-FM - XTI 3
Intersectional-Valence-WFBF 4 ®
Intersectional-Valence-WFBM 4 ®
Intersectional-Valence-WMBF - L
Intersectional-Valence-WMBM - » >
Intersectional-Valence-WMWF - [ ad ¥ Random
+  Jigsaw
Arab-Muslim * . RL
Gender-Career - 0w > ‘ e  ClusterFit
Intersectional-Gender-Career-BMBF - > > o o Rotation
Intersectional-Gender-Career-MF A ® ok 1 > NPID
Intersectional-Gender-Career-WMBF + >+ > » ODC
President - Lincoln vs. Trump - + . > MoCo_vl
Skin-Toneq{ ®  »+ . > SimCLR
»  MoCo v2
Weapon - + »  BYOL
‘Weapon (Modern) A . SwAV
Weight 1 ® 1 Supervised
O.bO 0.'02 0.64 0.66 0.68
p-value

Figure 3. Biases detected in the first ResNet block.
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Figure 4. Biases detected in the second ResNet block.
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Figure 5. Biases detected in the third ResNet block.
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Figure 6. Biases detected in the fourth ResNet block.



Name of the bias

Intersectional-Gender-Science-BMBF 1
Intersectional-Valence-BFBM - >
Disability 1 ‘
Intersectional-Gender-Science-BMWF
Intersectional-Gender-Science-MF - !
Intersectional-Gender-Science-WMWF -
Native A
Sexuality
Gender-Science 1 > .
Insect-Flower 1 =
Intersectional-Gender-Career-WMBF ! >
Intersectional-Gender-Career-WMWF - UL S 2 >
Intersectional-Gender-Career-WMBM - ¢ > > >
Intersectional-Gender-Science-WMBEF - g > > +
Intersectional-Gender-Science-WMBM - > > 4 > L
Intersectional-Valence-WMBF - + >
Intersectional-Valence-WMBM - + >
Skin-Tone +
Asian +
Intersectional-Valence-BW {  +» o » > +
Intersectional-Valence-FM - >
Intersectional-Valence-WFBF { = >
Intersectional-Valence-WFBM {  » -
Intersectional-Valence-WMWF {  »
President - Lincoln vs. Trump A +
Race * * °
Arab-Muslim bo+ > >
Gender-Career 1 + >
Intersectional-Gender-Career-BMBF -
Intersectional-Gender-Career-BMWF {  ® + +
Intersectional-Gender-Career-MF -
Weapon - + ‘
‘Weapon (Modern) A L >
Weight4 + - > +

v v v v

v

Random
Jigsaw
RL
ClusterFit
Rotation
NPID
ODC
MoCo v1
SimCLR
MoCo_v2
BYOL
SwAV
Supervised

0.00 0.02 0.04 0.06
p-value

Figure 7. Biases detected in the fifth ResNet block.
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Figure 8. Biases detected in the GAP-layer.
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Figure 9. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of BYOL model.



Gender-Science -

Insect-Flower -
Intersectional-Gender-Science-BMWF -
Intersectional-Gender-Science-MF -
Intersectional-Gender-Science-WMWF -
Native A

Sexuality
Intersectional-Gender-Career-WMBM - L]
Intersectional-Valence-BFBM - .
Arab-Muslim

Disability

Race L]

Gender-Career
Intersectional-Gender-Career-BMBF -
Intersectional-Gender-Career-BMWF
Intersectional-Gender-Career-MF -
Intersectional-Gender-Career-WMBF -
Intersectional-Gender-Career-WMWF -
Intersectional-Gender-Science-WMBF -
Intersectional-Gender-Science-WMBM -
Intersectional-Valence-BW
Intersectional-Valence-FM -
Intersectional-Valence-WFBF -
Intersectional-Valence-WFBM -
Intersectional-Valence-WMBF -
Intersectional-Valence-WMBM -
Intersectional-Valence-WMWF -
President - Lincoln vs. Trump -
Skin-Tone

Weight

Name of the bias

Block 1 Block 2 Block 3 Block 4 Block 5 GAP
Block

Figure 10. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the rotation
prediction model.
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Figure 11. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the relative location
model.
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Figure 12. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of ODC model.
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Figure 13. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of NPID model.
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Figure 14. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of SimCLR model.
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Figure 15. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of MoCo_v1 model.
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Figure 16. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of MoCo_v2 model.
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Figure 17. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the supervised
model.
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Figure 18. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the jigsaw model.
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Figure 19. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the ClusterFit model.
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Figure 20. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the SWAV model.
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Figure 21. Presence of the statistically significant biases (p; < 0.1) in the embeddings obtained from different layers of the random model.
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