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Some enlighten-
ment regarding 
the project to 
mechanise  
reason 
6JG� 0QQUEQRG�� KU� C� ECTVQITCRJ[� QH� VJG�
NKOKVU� QH� CTVKƓEKCN� KPVGNNKIGPEG�� KPVGPFGF�
CU� C� RTQXQECVKQP� VQ� DQVJ� EQORWVGT� UEK-
GPEG� CPF� VJG� JWOCPKVKGU�� #P[� OCR� KU�
C� RCTVKCN� RGTURGEVKXG�� C� YC[� VQ� RTQXQMG�
FGDCVG��5KOKNCTN[��VJKU�OCR�KU�C�OCPKHGU-
VQ� ť� QH� #+� FKUUKFGPVU�� +VU� OCKP� RWTRQUG�
KU� VQ�EJCNNGPIG� VJG�O[UVKƓECVKQPU�QH�CT-
VKƓEKCN� KPVGNNKIGPEG�� (KTUV�� CU� C� VGEJPKECN�
FGƓPKVKQP� QH� KPVGNNKIGPEG CPF�� UGEQPF��
CU�C�RQNKVKECN� HQTO�VJCV�YQWNF�DG�CWVQP-
QOQWU�HTQO�UQEKGV[�CPF�VJG�JWOCP�2 In 
VJG� GZRTGUUKQP� ŨCTVKƓEKCN� KPVGNNKIGPEGũ��
VJG�CFLGEVKXG� ŨCTVKƓEKCNũ�ECTTKGU� VJG�O[VJ�
QH� VJG� VGEJPQNQI[ũU� CWVQPQO[�� KV� JKPVU�
VQ� ECTKECVWTCN� ŨCNKGP�OKPFUũ� VJCV� UGNH�TG-
RTQFWEG� KP� UKNKEQ�DWV�� CEVWCNN[��O[UVKƓGU�
VYQ� RTQEGUUGU� QH� RTQRGT� CNKGPCVKQP�� VJG�
ITQYKPI� IGQRQNKVKECN� CWVQPQO[� QH� JK�
VGEJ�EQORCPKGU�CPF� VJG� KPXKUKDKNK\CVKQP�
QH� YQTMGTUũ� CWVQPQO[� YQTNFYKFG�� 6JG�

1  Editorial Note: The Nooscope diagram and its accompa-
nying paper have been published on the research project website 
https://nooscope.ai and in AI & Society (received: March 27, 2020, 
accepted: October 14, 2020, published online: November 21, 2020); 
https://doi.org/10.1007/s00146-020-01097-6. It is here published 
as a slightly revised version, with kind permission by the authors.

2  On the autonomy of technology see: L. Winner, Autonomous 
technology: technics-out-of-control as a theme in political thought 
(Cambridge, MA 2001).

OQFGTP� RTQLGEV� VQ� OGEJCPKUG� JWOCP�
TGCUQP�JCU�ENGCTN[�OWVCVGF��KP�VJG�VYGP-
V[�ƓTUV�EGPVWT[��KPVQ�C�EQTRQTCVG�TGIKOG�QH�
MPQYNGFIG� GZVTCEVKXKUO� CPF� GRKUVGOKE�
EQNQPKCNKUO�3 6JKU� KU�WPUWTRTKUKPI��UKPEG�
OCEJKPG� NGCTPKPI� CNIQTKVJOU� CTG� VJG�
OQUV� RQYGTHWN� CNIQTKVJOU� HQT� KPHQTOC-
VKQP�EQORTGUUKQP��

6JG�RWTRQUG�QH�VJG�0QQUEQRG�OCR�KU�VQ�
UGEWNCTK\G�#+�HTQO�VJG�KFGQNQIKECN�UVCVWU�
QH� ŨKPVGNNKIGPV�OCEJKPGũ�VQ�QPG�QH�MPQYN-
GFIG� KPUVTWOGPVU�� 4CVJGT� VJCP� GXQMKPI�
NGIGPFU�QH�CNKGP�EQIPKVKQP��KV�KU�OQTG�TGC-
UQPCDNG� VQ� EQPUKFGT� OCEJKPG� NGCTPKPI�
CU� CP� KPUVTWOGPV� QH� MPQYNGFIG�OCIPK-
ƓECVKQP� VJCV� JGNRU� VQ� RGTEGKXG� HGCVWTGU��
RCVVGTPU�� CPF� EQTTGNCVKQPU� VJTQWIJ� XCUV�
URCEGU�QH�FCVC�DG[QPF�JWOCP� TGCEJ�� +P�
VJG� JKUVQT[� QH� UEKGPEG� CPF� VGEJPQNQI[��
VJKU�KU�PQ�PGYU��KV�JCU�CNTGCF[�DGGP�RWT-
UWGF�D[�QRVKECN� KPUVTWOGPVU� VJTQWIJQWV�
VJG� JKUVQTKGU� QH� CUVTQPQO[� CPF� OGFK-
EKPG�4 +P� VJG� VTCFKVKQP� QH� UEKGPEG�� OC-
EJKPG�NGCTPKPI�KU�LWUV�C�0QQUEQRG, an in-
UVTWOGPV� VQ�UGG�CPF�PCXKICVG� VJG�URCEG�
QH�MPQYNGFIG�
HTQO�VJG�)TGGM�UMQRGKP�‘to 
GZCOKPG��NQQMũ�CPF�PQQU�ŨMPQYNGFIGũ���

$QTTQYKPI� VJG� KFGC� HTQO� )QVVHTKGF�
9KNJGNO�.GKDPK\�� VJG�0QQUEQRG�FKCITCO�
CRRNKGU� VJG� CPCNQI[� QH� QRVKECN�OGFKC� VQ�
VJG�UVTWEVWTG�QH�CNN�OCEJKPG�NGCTPKPI�CR-
RCTCVWUGU�� &KUEWUUKPI� VJG� RQYGT� QH� JKU 

3  For the colonial extensions of the operations of logistics, algo-
VMXLQW�ERH�ƼRERGI�WII�7��1I^^EHVE�ERH�&��2IMPWSR� The politics of 
operations: excavating contemporary capitalism (Durham 2019). On 
the epistemic colonialism of AI see M. Pasquinelli, Three thousand 
years of algorithmic rituals. I�ƽY\ 101 (2019).

4  Digital humanities term a similar technique distant reading, 
which has gradually involved data analytics and machine learning 
in literary and art history. See F. Moretti, Distant reading (London 
2013).

PASQUINELLI & JOLER / THE NOOSCOPE MANIFESTED



INTERFACE CRITIQUE JOURNAL – VOL. 3 – 2021

41

ECNEWNWU� TCVKQEKPCVQT� CPF� ŨEJCTCEVGTKUVKE�
PWODGTUũ�
VJG�KFGC�VQ�FGUKIP�C�PWOGTKECN�
WPKXGTUCN�NCPIWCIG�VQ�EQFKH[�CPF�UQNXG�CNN�
VJG�RTQDNGOU�QH�JWOCP� TGCUQPKPI��� .GK-
DPK\�OCFG�CP�CPCNQI[�YKVJ�KPUVTWOGPVU�
QH� XKUWCN�OCIPKƓECVKQP�UWEJ�CU� VJG�OK-
ETQUEQRG�CPF�VGNGUEQRG��*G�YTQVG��Ŭ1PEG�
VJG� EJCTCEVGTKUVKE� PWODGTU� CTG� GUVCD-
NKUJGF� HQT�OQUV� EQPEGRVU��OCPMKPF�YKNN�
VJGP� RQUUGUU� C� PGY� KPUVTWOGPV� YJKEJ�
YKNN�GPJCPEG�VJG�ECRCDKNKVKGU�QH�VJG�OKPF�
VQ� C� HCT� ITGCVGT� GZVGPV� VJCP� QRVKECN� KP-
UVTWOGPVU�UVTGPIVJGP�VJG�G[GU��CPF�YKNN�
UWRGTUGFG�VJG�OKETQUEQRG�CPF�VGNGUEQRG�
VQ� VJG�UCOG�GZVGPV� VJCV� TGCUQP� KU� UWRG-
TKQT� VQ� G[GUKIJV�ŭ5� #NVJQWIJ� VJG� RWTRQUG�
QH� VJKU� VGZV� KU�PQV� VQ� TGKVGTCVG� VJG�QRRQ-
UKVKQP�DGVYGGP�SWCPVKVCVKXG�CPF�SWCNKVC-
VKXG�EWNVWTGU��.GKDPK\ũU�ETGFQ�PGGF�PQV�DG�
HQNNQYGF�� %QPVTQXGTUKGU� ECPPQV� DG� EQP-
ENWUKXGN[�EQORWVGF��/CEJKPG�NGCTPKPI�KU�
PQV�VJG�WNVKOCVG�HQTO�QH�KPVGNNKIGPEG��

+PUVTWOGPVU�QH�OGCUWTGOGPV�CPF�RGT-
EGRVKQP� CNYC[U� EQOG�YKVJ� KPDWKNV� CDGT-
TCVKQPU�� +P� VJG� UCOG�YC[� VJCV� VJG� NGPU-
GU� QH� OKETQUEQRGU� CPF� VGNGUEQRGU� CTG�
PGXGT� RGTHGEVN[� EWTXKNKPGCT� CPF� UOQQVJ��
the NQIKECN� NGPUGU� QH� OCEJKPG� NGCTPKPI�
GODQF[� HCWNVU� CPF� DKCUGU�� 6Q� WPFGT-
UVCPF�OCEJKPG� NGCTPKPI�CPF�TGIKUVGT� KVU�
KORCEV�QP�UQEKGV[�KU�VQ�UVWF[�VJG�FGITGG�
D[�YJKEJ� UQEKCN� FCVC� CTG� FKHHTCEVGF� CPF�
FKUVQTVGF�D[�VJGUG�NGPUGU��6JKU�KU�IGPGT-
CNN[� MPQYP�CU� VJG�FGDCVG� QP� DKCU� KP�#+��
DWV�VJG�RQNKVKECN�KORNKECVKQPU�QH�VJG�NQIK-
ECN�HQTO�QH�OCEJKPG�NGCTPKPI�CTG�FGGRGT��
/CEJKPG� NGCTPKPI� KU�PQV�DTKPIKPI�C�PGY�

�� �+�;��0IMFRM^��4VIJEGI�XS�XLI�KIRIVEP�WGMIRGI�?����A��MR��+�;��
Leibniz, Selections, ed. P. Wiener (New York 1951), p. 23.

FCTM�CIG�DWV�QPG�QH�FKHHTCEVGF� TCVKQPCNK-
V[��KP�YJKEJ��CU�KV�YKNN�DG�UJQYP��CP�GRKU-
VGOG�QH�ECWUCVKQP� KU� TGRNCEGF�D[�QPG�QH�
CWVQOCVGF� EQTTGNCVKQPU�� /QTG� KP� IGPGT-
CN��#+�KU�C�PGY�TGIKOG�QH�VTWVJ��UEKGPVKƓE�
RTQQH�� UQEKCN� PQTOCVKXKV[� CPF� TCVKQPCNK-
V[��YJKEJ�QHVGP�FQGU�VCMG�VJG�UJCRG�QH�C�
UVCVKUVKECN� JCNNWEKPCVKQP�� 6JKU� FKCITCO�
OCPKHGUVQ�KU�CPQVJGT�YC[�VQ�UC[�VJCV�#+��
VJG�MKPI�QH�EQORWVCVKQP�
RCVTKCTEJCN�HCP-
VCU[� QH�OGEJCPKUGF� MPQYNGFIG�� ŨOCUVGT�
CNIQTKVJOũ�CPF�CNRJC�OCEJKPG��KU�PCMGF��
*GTG��YG�CTG�RGGRKPI�KPVQ�KVU�DNCEM�DQZ��

The assembly 
line of machine 
learning: data, 
algorithm, model 
6JG�JKUVQT[�QH�#+� KU� C�JKUVQT[�QH� GZRGTK-
OGPVU��OCEJKPG�HCKNWTGU��CECFGOKE�EQP-
VTQXGTUKGU��GRKE�TKXCNTKGU�CTQWPF�OKNKVCT[�

Fig. 1: On the invention of metaphors as instrument of knowledge 
QEKRMƼGEXMSR��)QERYIPI�8IWEYVS��Il canocchiale aristotelico�?8LI�
%VMWXSXIPMER�8IPIWGSTIA��JVSRXMWTMIGI�SJ�XLI������IHMXMSR��8YVMR��
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HWPFKPI��RQRWNCTN[�MPQYP�CU� ŨYKPVGTU�QH�
#+�ũ6 #NVJQWIJ�EQTRQTCVG�#+�VQFC[�FGUETK-
DGU�KVU�RQYGT�YKVJ�VJG�NCPIWCIG�QH�ŨDNCEM�
OCIKEũ� CPF� ŨUWRGTJWOCP� EQIPKVKQPũ��
EWTTGPV�VGEJPKSWGU�CTG�UVKNN�CV� VJG�GZRG-
TKOGPVCN� UVCIG�7� #+� KU� PQY� CV� VJG� UCOG�
UVCIG�CU�YJGP�VJG�UVGCO�GPIKPG�YCU�KP-
XGPVGF�� DGHQTG� VJG� NCYU�QH� VJGTOQF[PC-
OKEU� PGEGUUCT[� VQ� GZRNCKP� CPF� EQPVTQN�
KVU�KPPGT�YQTMKPIU��JCF�DGGP�FKUEQXGTGF��
5KOKNCTN[��VQFC[��VJGTG�CTG�GHƓEKGPV�PGWTCN�
PGVYQTMU�HQT�KOCIG�TGEQIPKVKQP��DWV�VJG-
TG�KU�PQ�VJGQT[�QH�NGCTPKPI�VQ�GZRNCKP�YJ[�
VJG[�YQTM� UQ�YGNN� CPF�JQY� VJG[� HCKN� UQ�
DCFN[��.KMG�CP[� KPXGPVKQP�� VJG�RCTCFKIO�
QH�OCEJKPG�NGCTPKPI�EQPUQNKFCVGF�UNQYN[��
KP�VJKU�ECUG�VJTQWIJ�VJG�NCUV�JCNH�EGPVW-
T[��#�OCUVGT�CNIQTKVJO�JCU�PQV�CRRGCTGF�
QXGTPKIJV��4CVJGT�� VJGTG�JCU�DGGP�C�ITC-
FWCN�EQPUVTWEVKQP�QH�C�OGVJQF�QH�EQORW-
VCVKQP�VJCV�UVKNN�JCU�VQ�ƓPF�C�EQOOQP�NCP-
IWCIG��/CPWCNU�QH�OCEJKPG�NGCTPKPI�HQT�
UVWFGPVU�� HQT� KPUVCPEG�� FQ� PQV� [GV� UJCTG�
C� EQOOQP� VGTOKPQNQI[�� *QY� VQ� UMGVEJ��
VJGP��C�ETKVKECN�ITCOOCT�QH�OCEJKPG�NGCT-
PKPI�VJCV�OC[�DG�EQPEKUG�CPF�CEEGUUKDNG��
YKVJQWV�RNC[KPI� KPVQ�VJG�RCTCPQKF�ICOG�
QH�FGƓPKPI�)GPGTCN�+PVGNNKIGPEG!�

#U� CP� KPUVTWOGPV� QH� MPQYNGFIG�� OC-
EJKPG� NGCTPKPI� KU� EQORQUGF� QH� CP� QD-
LGEV� VQ� DG� QDUGTXGF� 
VTCKPKPI� FCVCUGV���
CP� KPUVTWOGPV� QH� QDUGTXCVKQP� 
NGCTPKPI�
CNIQTKVJO�� CPF� C� ƓPCN� TGRTGUGPVCVKQP�

6  For a concise history of AI see D. Cardon, J.P. Cointet and A. 
Mazières, Neurons spike back. The invention of inductive machines 
ERH�XLI�EVXMƼGMEP�MRXIPPMKIRGI�GSRXVSZIVW]��Réseaux 211 (2018), pp. 
173–220.

7  A. Campolo and K. Crawford, Enchanted determinism: power 
[MXLSYX�GSRXVSP�MR�EVXMƼGMEP�MRXIPPMKIRGI� Engag Sci Technol Soc 6 
(2020), pp. 1–19.


UVCVKUVKECN� OQFGN��� 6JG� CUUGODNCIG� QH�
VJGUG� VJTGG� GNGOGPVU� KU� RTQRQUGF� JGTG�
CU� C� URWTKQWU� CPF� DCTQSWG� FKCITCO� QH�
OCEJKPG�NGCTPKPI��GZVTCXCICPVN[�VGTOGF�
0QQUEQRG�8 5VC[KPI�YKVJ� VJG� CPCNQI[� QH�
QRVKECN� OGFKC�� VJG� KPHQTOCVKQP� ƔQY� QH�
OCEJKPG� NGCTPKPI� KU� NKMG� C� NKIJV� DGCO�
VJCV� KU� RTQLGEVGF� D[� VJG� VTCKPKPI� FCVC��
EQORTGUUGF� D[� VJG� CNIQTKVJO� CPF� FKH-
HTCEVGF�VQYCTFU�VJG�YQTNF�D[�VJG�NGPU�QH�
VJG�UVCVKUVKECN�OQFGN��

6JG� 0QQUEQRG� FKCITCO� CKOU� VQ� KNNWU-
VTCVG� VYQ� UKFGU� QH� OCEJKPG� NGCTPKPI� CV�
VJG� UCOG� VKOG�� JQY� KV� YQTMU� CPF� JQY�
KV� HCKNU� ť� GPWOGTCVKPI� KVU�OCKP� EQORQ-
PGPVU�� CU�YGNN�CU� VJG�DTQCF�URGEVTWO�QH�
GTTQTU�� NKOKVCVKQPU�� CRRTQZKOCVKQPU�� DK-
CUGU�� HCWNVU�� HCNNCEKGU�CPF�XWNPGTCDKNKVKGU�
VJCV� CTG� PCVKXG� VQ� KVU� RCTCFKIO�9 6JKU�
FQWDNG� QRGTCVKQP� UVTGUUGU� VJCV�#+� KU�PQV�
C�OQPQNKVJKE�RCTCFKIO�QH�TCVKQPCNKV[��DWV�
C� URWTKQWU� CTEJKVGEVWTG�OCFG� QH� CFCRV-
KPI� VGEJPKSWGU� CPF� VTKEMU�� $GUKFGU�� VJG�
NKOKVU�QH�#+�CTG�PQV�UKORN[�VGEJPKECN�DWV�
CTG� KODTKECVGF�YKVJ�JWOCP� DKCU�� +P� VJG�
0QQUEQRG�FKCITCO��VJG�GUUGPVKCN�EQORQ-
PGPVU�QH�OCEJKPG�NGCTPKPI�CTG�TGRTGUGPV-
ed at the centre, JWOCP�DKCUGU�and inter-
XGPVKQPU�QP�VJG�NGHV��CPF�VGEJPKECN�DKCUGU�
CPF�NKOKVCVKQPU�QP�VJG�TKIJV��1RVKECN�NGPU-
GU�U[ODQNK\G�DKCUGU�CPF�CRRTQZKOCVKQPU�
TGRTGUGPVKPI� VJG� EQORTGUUKQP� CPF� FKU-

8  The use of the visual analogy is also intended to record the 
fading distinction between image and logic, representation and in-
ference, in the technical composition of AI. The statistical models 
of machine learning are operative representations (in the sense of 
Harun Farocki’s operative images). 

9  For a systematic study of the logical limitations of machine 
learning see M.M. Malik, A hierarchy of limitations in machine 
learning (2020). arxiv preprint; https://arxiv.org/abs/2002.05193, 
access: April 30, 2020.
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VQTVKQP�QH�VJG�KPHQTOCVKQP�ƔQY��6JG�VQVCN�
DKCU�QH�OCEJKPG�NGCTPKPI�KU�TGRTGUGPVGF�
D[�VJG�EGPVTCN�NGPU�QH�VJG�UVCVKUVKECN�OQF-
GN� VJTQWIJ�YJKEJ� VJG� RGTEGRVKQP� QH� VJG�
YQTNF�KU�FKHHTCEVGF��

6JG�NKOKVCVKQPU�QH�#+�CTG�IGPGTCNN[�RGT-
EGKXGF�VQFC[�VJCPMU�VQ�VJG�FKUEQWTUG�QP�
DKCU�ť� VJG�CORNKƓECVKQP�QH�IGPFGT�� TCEG��
CDKNKV[�� CPF� ENCUU� FKUETKOKPCVKQP� D[� CN-
IQTKVJOU��+P�OCEJKPG�NGCTPKPI��KV�KU�PGE-
GUUCT[�VQ�FKUVKPIWKUJ�DGVYGGP�JKUVQTKECN�
DKCU�� FCVCUGV� DKCU�� CPF� CNIQTKVJO� DKCU��
CNN�QH�YJKEJ�QEEWT�CV�FKHHGTGPV�UVCIGU�QH�
VJG�KPHQTOCVKQP�ƔQY��� *KUVQTKECN�DKCU�
QT�
YQTNF�DKCU��KU�CNTGCF[�CRRCTGPV�KP�UQEKGV[�
DGHQTG�VGEJPQNQIKECN�KPVGTXGPVKQP��0QPG-
VJGNGUU�� VJG� PCVWTCNKUCVKQP� QH� UWEJ� DKCU��
VJCV�KU�VJG�UKNGPV�KPVGITCVKQP�QH�KPGSWCNKV[�
KPVQ�CP�CRRCTGPVN[�PGWVTCN�VGEJPQNQI[�KU�
D[�KVUGNH�JCTOHWN�

��
�2CTCRJTCUKPI�/KEJGNNG�

#NGZCPFGT��4WJC�$GPLCOKP�JCU� ECNNGF� KV�
VJG�0GY�,KO�%QFG�� ŬVJG� GORNQ[OGPV� QH�
PGY�VGEJPQNQIKGU�VJCV�TGƔGEV�CPF�TGRTQ-
FWEG� GZKUVKPI� KPGSWCNKVKGU� DWV� VJCV� CTG�
RTQOQVGF�CPF�RGTEGKXGF�CU�OQTG�QDLGE-
VKXG�QT�RTQITGUUKXG�VJCP�VJG�FKUETKOKPC-
VQT[�U[UVGOU�QH�C�RTGXKQWU�GTC�ŭ�� &CVCUGV�
DKCU� KU� KPVTQFWEGF� VJTQWIJ� VJG� RTGRCTC-
VKQP�QH�VTCKPKPI�FCVC�D[�JWOCP�QRGTCVQTU��
6JG�OQUV�FGNKECVG�RCTV�QH� VJG�RTQEGUU� KU�

10  For a more detailed list of AI biases see: J. Guttag and H. 
Suresh, A framework for understanding unintended consequenc-
es of machine learning (2019). arxiv preprint; https://arxiv.org/
abs/1901.10002, access: April 30, 2020 and A. Galstyan et al., 
A survey on bias and fairness in machine learning (2019). arxiv 
preprint; https://arxiv.org/abs/1908.09635, access: April 30, 2020. 

11  V. Eubanks, Automating inequality (New York 2018); see also 
K. Crawford, The trouble with bias. Keynote lecture: conference on 
neural information processing systems (2017).

12  R. Benjamin, Race after technology: abolitionist tools for the 
new jim code (Cambridge 2019), p. 5.

FCVC�NCDGNNKPI��KP�YJKEJ�QNF�CPF�EQPUGTX-
CVKXG� VCZQPQOKGU� ECP� ECWUG� C� FKUVQTVGF�
XKGY�QH�VJG�YQTNF��OKUTGRTGUGPVKPI�UQEKCN�
FKXGTUKVKGU�CPF�GZCEGTDCVKPI�UQEKCN�JKGT-
CTEJKGU�
UGG�DGNQY�VJG�ECUG�QH�+OCIG0GV��

#NIQTKVJOKE� DKCU� 
CNUQ� MPQYP� CU�OC-
EJKPG�DKCU��UVCVKUVKECN�DKCU�QT�OQFGN�DKCU��
VQ� YJKEJ� VJG� 0QQUEQRG� FKCITCO� IKXGU�
RCTVKEWNCT� CVVGPVKQP�� KU� VJG� HWTVJGT� CO-
RNKƓECVKQP�QH�JKUVQTKECN�DKCU�CPF�FCVCUGV�
DKCU� D[� OCEJKPG� NGCTPKPI� CNIQTKVJOU��
6JG�RTQDNGO�QH�DKCU�JCU�OQUVN[�QTKIKPCV-
GF� HTQO� VJG� HCEV� VJCV�OCEJKPG� NGCTPKPI�
CNIQTKVJOU�CTG�COQPI�VJG�OQUV�GHƓEKGPV�
for� KPHQTOCVKQP�EQORTGUUKQP��YJKEJ�GP-
IGPFGTU� KUUWGU� QH� KPHQTOCVKQP� TGUQNW-
VKQP��FKHHTCEVKQP�CPF�NQUU��� Since ancient 
VKOGU��CNIQTKVJOU�JCXG�DGGP�RTQEGFWTGU�
QH� CP� GEQPQOKE� PCVWTG�� FGUKIPGF� VQ�
CEJKGXG�C� TGUWNV� KP� VJG�UJQTVGUV�PWODGT�
QH�UVGRU�EQPUWOKPI�VJG�NGCUV�COQWPV�QH�
TGUQWTEGU�� URCEG�� VKOG�� GPGTI[� CPF� NC-
DQWT���� 6JG� CTOU� TCEG� QH� #+� EQORCPKGU�
KU�� UVKNN� VQFC[�� EQPEGTPGF� YKVJ� ƓPFKPI�
VJG�UKORNGUV�CPF�HCUVGUV�CNIQTKVJOU�YKVJ�
YJKEJ� VQ� ECRKVCNKUG� FCVC�� +H� KPHQTOCVKQP�
EQORTGUUKQP� RTQFWEGU� VJG� OCZKOWO�
TCVG�QH�RTQƓV�KP�EQTRQTCVG�#+��HTQO�VJG�UQ-
EKGVCN�RQKPV�QH�XKGY��KV�RTQFWEGU�FKUETKO-
KPCVKQP�CPF�VJG�NQUU�QH�EWNVWTCN�FKXGTUKV[��

9JKNG� VJG� UQEKCN� EQPUGSWGPEGU� QH� #+�
CTG� RQRWNCTN[� WPFGTUVQQF� WPFGT� VJG� KU-
UWG�QH�DKCU�� VJG�EQOOQP�WPFGTUVCPFKPI�
QH�VGEJPKECN�NKOKVCVKQPU�KU�MPQYP�CU�VJG�
DNCEM�DQZ�RTQDNGO��6JG�DNCEM�DQZ�GHHGEV�
KU� CP� CEVWCN� KUUWG� QH� FGGR� PGWTCN� PGV-

13� �'SQTYXIV�WGMIRXMWXW�EVKYI�XLEX�%-�FIPSRKW�XS�E�WYFƼIPH�SJ�
signal processing, that is data compression.

14  M. Pasquinelli, The eye of the master (London, forthcoming).
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YQTMU�
YJKEJ�ƓNVGT�KPHQTOCVKQP�UQ�OWEJ�
VJCV� VJGKT� EJCKP�QH� TGCUQPKPI�ECPPQV� DG�
TGXGTUGF��DWV�JCU�DGEQOG�C�IGPGTKE�RTG-
VGZV� HQT� VJG�QRKPKQP�VJCV�#+�U[UVGOU�CTG�
PQV�LWUV�KPUETWVCDNG�CPF�QRCSWG��DWV�GXGP�
ŨCNKGPũ�CPF�QWV�QH�EQPVTQN��� 6JG�DNCEM�DQZ�
GHHGEV�KU�RCTV�QH�VJG�PCVWTG�QH�CP[�GZRGT-
KOGPVCN� OCEJKPG� CV� VJG� GCTN[� UVCIG� QH�
FGXGNQROGPV� 
KV� JCU� CNTGCF[� DGGP� PQ-
VKEGF� VJCV� VJG� HWPEVKQPKPI� QH� VJG� UVGCO�
GPIKPG� TGOCKPGF� C� O[UVGT[� HQT� UQOG�
VKOG��GXGP�CHVGT�JCXKPI�DGGP�UWEEGUUHWN-
N[�VGUVGF���6JG�CEVWCN�RTQDNGO�KU�VJG�DNCEM�
DQZ�TJGVQTKE��YJKEJ�KU�ENQUGN[�VKGF�VQ�EQP-
URKTCE[�VJGQT[�UGPVKOGPVU�KP�YJKEJ�#+�KU�
CP�QEEWNV�RQYGT� VJCV�ECPPQV�DG�UVWFKGF��
MPQYP��QT�RQNKVKECNN[�EQPVTQNNGF��

The training  
dataset: the  
social origins  
of machine  
intelligence 
/CUU� FKIKVCNKUCVKQP�� YJKEJ� GZRCPFGF�
YKVJ�VJG�+PVGTPGV�KP�VJG�����U�CPF�GUEC-
NCVGF�YKVJ�FCVCEGPVTGU�KP�VJG�����U��JCU�
OCFG� CXCKNCDNG� XCUV� TGUQWTEGU� QH� FCVC�

15� �4VSNIGXW�WYGL�EW�)\TPEMREFPI�%VXMƼGMEP�-RXIPPMKIRGI��-RXIVTVIXE-
ble Deep Learning and Heatmapping among others have demon-
WXVEXIH�XLEX�FVIEOMRK�MRXS�XLI�ƄFPEGO�FS\ƅ�SJ�QEGLMRI�PIEVRMRK�MW�
possible. Nevertheless, the full interpretability and explicability 
of machine learning statistical models remains a myth. See Z.C. 
Lipton, The mythos of model interpretability (2016). arXiv preprint; 
https://arxiv.org/abs/1606.03490, access: April 30, 2020.

VJCV��HQT�VJG�ƓTUV�VKOG�KP�JKUVQT[��CTG�HTGG�
CPF�WPTGIWNCVGF��#�TGIKOG�QH�MPQYNGFIG�
GZVTCEVKXKUO� 
VJGP� MPQYP� CU� $KI� &CVC��
ITCFWCNN[�GORNQ[GF�GHƓEKGPV�CNIQTKVJOU�
VQ�GZVTCEV� ŨKPVGNNKIGPEGũ� HTQO�VJGUG�QRGP�
UQWTEGU� QH� FCVC��OCKPN[� HQT� VJG� RWTRQUG�
QH� RTGFKEVKPI� EQPUWOGT� DGJCXKQWTU� CPF�
UGNNKPI� CFU�� 6JG� MPQYNGFIG� GEQPQO[�
OQTRJGF�KPVQ�C�PQXGN�HQTO�QH�ECRKVCNKUO��
ECNNGF�EQIPKVKXG�ECRKVCNKUO�and then UWT-
XGKNNCPEG� ECRKVCNKUO�� D[� FKHHGTGPV� CWV-
JQTU���� +V� YCU� VJG� +PVGTPGV� KPHQTOCVKQP�
QXGTƔQY��XCUV�FCVCEGPVTGU��HCUVGT�OKETQ-
RTQEGUUQTU�CPF�CNIQTKVJOU�HQT�FCVC�EQO-
RTGUUKQP�VJCV�NCKF�VJG�ITQWPFYQTM�HQT�VJG�
TKUG�QH�#+�OQPQRQNKGU�KP�VJG�VYGPV[�ƓTUV�
EGPVWT[��

9JCV� MKPF� QH� EWNVWTCN� CPF� VGEJPKECN�
QDLGEV� KU� VJG� FCVCUGV� VJCV� EQPUVKVWVGU�
VJG�UQWTEG�QH�#+!�6JG�SWCNKV[�QH�training 
data KU� VJG� OQUV� KORQTVCPV� HCEVQT� CH-
HGEVKPI� VJG� UQ�ECNNGF� ŨKPVGNNKIGPEGũ� VJCV�
OCEJKPG� NGCTPKPI� CNIQTKVJOU� GZVTCEV��
6JGTG� KU� CP� KORQTVCPV� RGTURGEVKXG� VQ�
VCMG� KPVQ� CEEQWPV�� VQ� WPFGTUVCPF� #+� CU�
C�0QQUEQRG��&CVC� CTG� VJG�ƓTUV� UQWTEG�QH�
XCNWG� CPF� KPVGNNKIGPEG�� #NIQTKVJOU� CTG�
UGEQPF��VJG[�CTG�VJG�OCEJKPGU�VJCV�EQO-
RWVG� UWEJ� XCNWG� CPF� KPVGNNKIGPEG� KPVQ� C�
OQFGN��*QYGXGT��VTCKPKPI�FCVC�CTG�PGXGT�
TCY��KPFGRGPFGPV�CPF�WPDKCUGF�
VJG[�CTG�
CNTGCF[� VJGOUGNXGU� ŨCNIQTKVJOKEũ���� The 
ECTXKPI��HQTOCVVKPI�CPF�GFKVKPI�QH�VTCKP-
KPI�FCVCUGVU�CTG�C�NCDQTKQWU�CPF�FGNKECVG�

16  A. Corsani et al., Le Capitalisme cognitif comme sortie de la 
crise du capitalisme industriel. Un programme de recherche©��4EVMW�
2004); S. Zuboff, 8LI�EKI�SJ�WYVZIMPPERGI�GETMXEPMWQ��XLI�ƼKLX�JSV�E�
human future at the new frontier of power (London 2019).

17  L. Gitelman (ed.), Raw data is an oxymoron (Cambridge, MA 
2013).
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WPFGTVCMKPI�� YJKEJ� KU� RTQDCDN[� OQTG�
UKIPKƓECPV� HQT� VJG�ƓPCN� TGUWNVU� VJCP� VJG�
VGEJPKECN� RCTCOGVGTU� VJCV� EQPVTQN� VJG�
NGCTPKPI�CNIQTKVJO��6JG�CEV�QH� UGNGEVKPI�
QPG� FCVC� UQWTEG� TCVJGT� VJCP� CPQVJGT� KU�
VJG� RTQHQWPF�OCTM� QH� JWOCP� KPVGTXGP-
VKQP� KPVQ� VJG� FQOCKP� QH� VJG� ŨCTVKƓEKCNũ�
OKPFU��

6JG� VTCKPKPI� FCVCUGV� KU� C� EWNVWTCN� EQPU-
VTWEV��PQV�LWUV�C�VGEJPKECN�QPG��+V�WUWCNN[�
EQORTKUGU�KPRWV�FCVC�VJCV�CTG�CUUQEKCVGF�
YKVJ� KFGCN�QWVRWV�FCVC�� UWEJ�CU�RKEVWTGU�
YKVJ�VJGKT�FGUETKRVKQPU��CNUQ�ECNNGF�NCDGNU�
QT� OGVCFCVC���� 6JG� ECPQPKECN� GZCORNG�
YQWNF� DG� C� OWUGWO� EQNNGEVKQP� CPF� KVU�
CTEJKXG�� KP� YJKEJ� CTVYQTMU� CTG� QTICPK-
UGF� D[� OGVCFCVC� UWEJ� CU� CWVJQT�� [GCT��
OGFKWO�� GVE�� 6JG� UGOKQVKE� RTQEGUU� QH�
CUUKIPKPI�C�PCOG�QT�C�ECVGIQT[�VQ�C�RKE-
VWTG�KU�PGXGT�KORCTVKCN��VJKU�CEVKQP�NGCXGU�
CPQVJGT�FGGR�JWOCP�KORTKPV�QP�VJG�ƓPCN�
TGUWNV� QH�OCEJKPG� EQIPKVKQP�� #� VTCKPKPI�
FCVCUGV� HQT�OCEJKPG� NGCTPKPI� KU� WUWCNN[�

18  In supervised learning. Also self-supervised learning maintains 
forms of human intervention. 

EQORQUGF� VJTQWIJ� VJG� HQNNQYKPI� UVGRU��

���RTQFWEVKQP��NCDQWT�QT�RJGPQOGPC�VJCV�
RTQFWEG� KPHQTOCVKQP�� 
��� ECRVWTG�� GPEQ-
FKPI�QH�KPHQTOCVKQP�KPVQ�C�FCVC�HQTOCV�D[�
CP� KPUVTWOGPV�� 
��� HQTOCVVKPI�� QTICPKUC-
VKQP�QH�FCVC�KPVQ�C�FCVCUGV��
���NCDGNNKPI��KP�
UWRGTXKUGF�NGCTPKPI��VJG�ENCUUKƓECVKQP�QH�
FCVC�KPVQ�ECVGIQTKGU�
OGVCFCVC���

/CEJKPG�KPVGNNKIGPEG�KU�VTCKPGF�QP�XCUV�
FCVCUGVU� VJCV� CTG� CEEWOWNCVGF� KP� YC[U�
PGKVJGT� VGEJPKECNN[� PGWVTCN� PQT� UQEKCNN[�
KORCTVKCN��4CY�FCVC�FQ�PQV�GZKUV��CU�KV� KU�
FGRGPFGPV� QP� JWOCP� NCDQWT�� RGTUQPCN�
FCVC�� CPF� UQEKCN� DGJCXKQWTU� VJCV� CEETWG�
QXGT�NQPI�RGTKQFU��VJTQWIJ�GZVGPFGF�PGV-
YQTMU� CPF� EQPVTQXGTUKCN� VCZQPQOKGU��� 

6JG�OCKP�VTCKPKPI�FCVCUGVU�HQT�OCEJKPG�
NGCTPKPI�
0/+56��+OCIG0GV��.CDGNNGF�(CE-
GU�KP�VJG�9KNF��GVE���QTKIKPCVGF�KP�EQTRQTC-
VKQPU��WPKXGTUKVKGU��CPF�OKNKVCT[�CIGPEKGU�
QH� VJG� )NQDCN� 0QTVJ�� $WV� VCMKPI� C� OQTG�
ECTGHWN� NQQM�� QPG� FKUEQXGTU� C� RTQHQWPF�
FKXKUKQP� QH� NCDQWT� VJCV� KPPGTXCVGU� KPVQ�
VJG�)NQDCN�5QWVJ�XKC�ETQYFUQWTEKPI�RNCV-
HQTOU�VJCV�CTG�WUGF�VQ�GFKV�CPF�XCNKFCVG�
FCVC��� 6JG�RCTCDNG�QH�VJG�+OCIG0GV�data-
UGV� GZGORNKƓGU� VJG� VTQWDNGU�QH�OCP[�#+�
FCVCUGVU�� +OCIG0GV� KU�C� VTCKPKPI�FCVCUGV�
HQT� &GGR� .GCTPKPI� VJCV� JCU� DGEQOG� VJG�
FG� HCEVQ� DGPEJOCTM� HQT� KOCIG� TGEQIPK-
VKQP�CNIQTKVJOU��KPFGGF��VJG�&GGR�.GCTP-
KPI�TGXQNWVKQP�UVCTVGF�KP������YJGP�#NGZ�
-TK\JGXUM[�� +N[C�5WVUMGXGT�CPF�)GQHHTG[�
*KPVQP�YQP� VJG� CPPWCN� +OCIG0GV� EJCN-

19  On taxonomy as a form of knowledge and power see M. 
Foucault, The order of things (London 2005).

20� �7YGL�EW�%QE^SR�1IGLERMGEP�8YVO��G]RMGEPP]�XIVQIH�ƄEVXMƼGMEP�
EVXMƼGMEP�MRXIPPMKIRGIƅ�F]�.IJJ�&I^SW��7II�.��4SRXMR��%VXMƼGMEP�MRXIPPM-
gence, with help from the humans. The New York Times (March 25, 
2007).

Fig. 2. 
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NGPIG�YKVJ�VJG�EQPXQNWVKQPCN�PGWTCN�PGV-
YQTM� #NGZ0GV��� +OCIG0GV� YCU� KPKVKCVGF�
D[�EQORWVGT�UEKGPVKUV�(GK�(GK�.K�DCEM�KP�
�����22 (GK�(GK�.K�JCF�VJTGG�KPVWKVKQPU�VQ�
DWKNF�C�TGNKCDNG�FCVCUGV�HQT� KOCIG�TGEQI-
PKVKQP��(KTUV��VQ�FQYPNQCF�OKNNKQPU�QH�HTGG�
KOCIGU�HTQO�YGD�UGTXKEGU�UWEJ�CU�(NKEMT�
CPF� )QQING�� 5GEQPF�� VQ� CFQRV� VJG� EQO-
RWVCVKQPCN�VCZQPQO[�9QTF0GV�for image 
NCDGNU�23

6JKTF��VQ�QWVUQWTEG�VJG�YQTM�QH�NCDGNNKPI�
OKNNKQPU�QH�KOCIGU�XKC�VJG�ETQYFUQWTEKPI�
RNCVHQTO� #OC\QP� /GEJCPKECN� 6WTM�� #V�
VJG�GPF�QH�VJG�FC[�
CPF�QH�VJG�CUUGODN[�
NKPG��� CPQP[OQWU�YQTMGTU� HTQO� CNN� QXGT�
VJG�RNCPGV�YGTG�RCKF� HGY�EGPVU�RGT� VCUM�
VQ� NCDGN� JWPFTGFU� QH� RKEVWTGU� RGT� OKP-
WVG�CEEQTFKPI�VQ�VJG�9QTF0GV�VCZQPQO[��
VJGKT� NCDQWT� TGUWNVGF� KP� VJG� GPIKPGGTKPI�
QH� C� EQPVTQXGTUKCN� EWNVWTCN� EQPUVTWEV�� #+�
UEJQNCTU�-CVG�%TCYHQTF�CPF�CTVKUV�6TGXQT�
2CINGP� JCXG� KPXGUVKICVGF� CPF� FKUENQUGF�
VJG� UGFKOGPVCVKQP� QH� TCEKUV� CPF� UGZKUV�
ECVGIQTKGU� KP� +OCIG0GV� VCZQPQO[�� UGG�
VJG� NGIKVKOCVKQP� QH� VJG� ECVGIQT[� ŨHCKNWTG��
NQUGT��PQPUVCTVGT��WPUWEEGUUHWN�RGTUQPũ�HQT�
C�JWPFTGF�CTDKVTCT[�RKEVWTGU�QH�RGQRNG�24

21  Although the convolutional architecture dates back to Yann Le-
Cun’s work in the late 1980s, Deep Learning starts with this paper: 
%��/VM^LIZWO]��-��7YXWOIZIV�ERH�+�)��,MRXSR��-QEKIRIX�GPEWWMƼGEXMSR�
with deep convolutional neural networks. Commun ACM 60/6 
(2017), pp. 84–90.

22  For an accessible (yet not very critical) account of the ImageN-
et development see M. Mitchell, %VXMƼGMEP�MRXIPPMKIRGI��E�KYMHI�JSV�
thinking humans (London 2019).

23� �;SVH2IX�MW�ƄE�PI\MGEP�HEXEFEWI�SJ�WIQERXMG�VIPEXMSRW�FIX[IIR�
words’ which was initiated by George Armitage at Princeton Univer-
WMX]�MR�������-X�TVSZMHIW�E�WXVMGX�XVII�PMOI�WXVYGXYVI�SJ�HIƼRMXMSRW��

24  K. Crawford and T. Paglen, Excavating AI: the politics of train-
ing sets for machine learning (2019); https://excavating.ai, access: 
April 30, 2020.

6JG�XQTCEKQWU�FCVC�GZVTCEVKXKUO�QH�#+�
JCU� ECWUGF� CP� WPHQTGUGGCDNG� DCEMNCUJ�
QP�FKIKVCN�EWNVWTG��KP�VJG�GCTN[�����U��.CY-
TGPEG� .GUUKI� EQWNF� PQV� RTGFKEV� VJCV� VJG�
NCTIG�TGRQUKVQT[�QH�QPNKPG�KOCIGU�ETGFKV-
GF�D[�%TGCVKXG�%QOOQPU NKEGPUGU�YQWNF�
C�FGECFG�NCVGT�DGEQOG�CP�WPTGIWNCVGF�TG-
UQWTEG� HQT� HCEG� TGEQIPKVKQP�UWTXGKNNCPEG�
VGEJPQNQIKGU�� +P� UKOKNCT� YC[U�� RGTUQPCN�
FCVC� CTG� EQPVKPWCNN[� KPEQTRQTCVGF�YKVJ-
QWV�VTCPURCTGPE[�KPVQ�RTKXCVKUGF�FCVCUGVU�
HQT�OCEJKPG� NGCTPKPI�� +P������CTVKUV�CPF�
#+�TGUGCTEJGT��#FCO�*CTXG[�HQT�VJG�ƓTUV�
VKOG� FKUENQUGF� VJG� PQP�EQPUGPUWCN� WUG�
QH� RGTUQPCN� RJQVQU� KP� VTCKPKPI� FCVCUGVU�
HQT�HCEG�TGEQIPKVKQP��*CTXG[ũU�FKUENQUWTG�
ECWUGF� 5VCPHQTF� 7PKXGTUKV[�� &WMG� 7PK-
XGTUKV[� CPF�/KETQUQHV� VQ�YKVJFTCY� VJGKT�
FCVCUGVU�COKFUV�C�OCLQT�RTKXCE[�KPHTKPIG-
OGPV�UECPFCN�25�1PNKPG�VTCKPKPI�FCVCUGVU�
VTKIIGT� KUUWGU� QH� FCVC� UQXGTGKIPV[� CPF�
EKXKN� TKIJVU� VJCV� VTCFKVKQPCN� KPUVKVWVKQPU�
CTG� UNQY� VQ� EQWPVGTCEV� 
UGG� VJG�'WTQRG-
CP�)GPGTCN�&CVC�2TQVGEVKQP�4GIWNCVKQP��26 

+H� �����YCU� VJG� [GCT� KP�YJKEJ� VJG�&GGR�
.GCTPKPI�TGXQNWVKQP�DGICP�������YCU�VJG�
[GCT� KP� YJKEJ� KVU� UQWTEGU� YGTG� FKUEQX-
GTGF�VQ�DG�XWNPGTCDNG�CPF�EQTTWRVGF��

25  A. Harvey, Megapixel project (2019); https://megapixels.cc/
about/; access: April 30, 2020; M. Murgia, Who’s using your face? 
The ugly truth about facial recognition. Financial Times (April 19, 
2019).

26  The GDPR data privacy regulation that was passed by the 
European Parliament in May 2018 is, however, an improvement 
compared to the regulation that is missing in the United States. 
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The history  
of AI as the  
automation  
of perception 
6JG�PGGF� VQ�FGO[UVKH[�#+� 
CV� NGCUV� HTQO�
VJG�VGEJPKECN�RQKPV�QH�XKGY��KU�WPFGTUVQQF�
KP�VJG�EQTRQTCVG�YQTNF�VQQ��*GCF�QH�(CEG-
DQQM� #+� CPF� IQFHCVJGT� QH� EQPXQNWVKQPCN�
PGWTCN� PGVYQTMU� ;CPP� .G%WP� TGKVGTCVGU�
VJCV�EWTTGPV�#+� U[UVGOU�CTG�PQV� UQRJKU-
VKECVGF�XGTUKQPU�QH�EQIPKVKQP��DWV�TCVJGT��
QH� RGTEGRVKQP�� 5KOKNCTN[�� VJG� 0QQUEQRG�
FKCITCO�GZRQUGU� VJG� UMGNGVQP� QH� VJG�#+�
DNCEM�DQZ�CPF�UJQYU�VJCV�#+�KU�PQV�C�VJKP-
MKPI� CWVQOCVQP� DWV� CP� CNIQTKVJO� VJCV�
RGTHQTOU�pattern recognition��6JG�PQVKQP�
QH� RCVVGTP� TGEQIPKVKQP� EQPVCKPU� KUUWGU�
VJCV�OWUV�DG�GNCDQTCVGF�WRQP��9JCV�KU�C�
RCVVGTP��D[�VJG�YC[!�+U�C�RCVVGTP�WPKSWG-
N[�C�XKUWCN�GPVKV[!�9JCV�FQGU�KV�OGCP�VQ�
TGCF� UQEKCN� DGJCXKQWTU� CU� RCVVGTPU!� +U�
RCVVGTP� TGEQIPKVKQP� CP� GZJCWUVKXG� FGƓ-
PKVKQP�QH�KPVGNNKIGPEG!�/QUV�NKMGN[�PQV��6Q�
ENCTKH[� VJGUG� KUUWGU�� KV�YQWNF�DG�IQQF� VQ�

WPFGTVCMG�C�DTKGH�CTEJCGQNQI[�QH�#+��
The archetype machine for pattern 

TGEQIPKVKQP�KU�(TCPM�4QUGPDNCVVũU�Percep-
VTQP��+PXGPVGF�KP������CV�%QTPGNN�#GTQPCW-
VKECN�.CDQTCVQT[�KP�$WHHCNQ��0GY�;QTM��KVU�
PCOG�KU�C�UJQTVJCPF�HQT�Ũ2GTEGKXKPI�CPF�
4GEQIPK\KPI�#WVQOCVQPũ�27�)KXGP�C�XKUWCN�
OCVTKZ�QH���������RJQVQTGEGRVQTU��VJG�2GT-
EGRVTQP�ECP�NGCTP�JQY�VQ�TGEQIPKUG�UKO-
RNG�NGVVGTU��#�XKUWCN�RCVVGTP�KU�TGEQTFGF�CU�
CP� KORTGUUKQP�QP�C�PGVYQTM�QH�CTVKƓEKCN�
PGWTQPU�VJCV�CTG�ƓTKPI�WR�KP�EQPEGTV�YKVJ�
VJG�TGRGVKVKQP�QH�UKOKNCT�KOCIGU�CPF�CE-
VKXCVKPI� QPG� UKPING� QWVRWV� PGWTQP�� 6JG�
QWVRWV�PGWTQP�ƓTGU�����VTWG��KH�C�IKXGP�KO-
CIG�KU�TGEQIPKUGF��QT�����HCNUG��KH�C�IKXGP�
KOCIG�KU�PQV�TGEQIPKUGF��

6JG� CWVQOCVKQP� QH� RGTEGRVKQP�� CU� C�
XKUWCN� OQPVCIG� QH� RKZGNU� CNQPI� C� EQO-
RWVCVKQPCN�CUUGODN[� NKPG��YCU�QTKIKPCNN[�
KORNKEKV�/E%WNNQEJ�CPF�2KVVũU�EQPEGRV�QH�
CTVKƓEKCN�PGWTCN�PGVYQTMU�28�1PEG�VJG�CN-
IQTKVJO� HQT� XKUWCN� RCVVGTP� TGEQIPKVKQP�
UWTXKXGF� VJG� ŨYKPVGT� QH� #+ũ� CPF� RTQXGF�
GHƓEKGPV�KP�VJG�NCVG�����U��KV�YCU�CRRNKGF�
CNUQ� VQ�PQP�XKUWCN�FCVCUGVU��RTQRGTN[� KP-
CWIWTCVKPI�VJG�CIG�QH�&GGR�.GCTPKPI�
VJG�
CRRNKECVKQP� QH� RCVVGTP� TGEQIPKVKQP� VGEJ-
PKSWGU�VQ�CNN�MKPFU�QH�FCVC��PQV�LWUV�XKUWCN���
6QFC[��KP�VJG�ECUG�QH�UGNH�FTKXKPI�ECTU��VJG�
RCVVGTPU� VJCV�PGGF� VQ� DG� TGEQIPKUGF�CTG�
QDLGEVU� KP�TQCF�UEGPCTKQU�� +P�VJG�ECUG�QH�
CWVQOCVKE� VTCPUNCVKQP�� VJG� RCVVGTPU� VJCV�
PGGF�VQ�DG�TGEQIPKUGF�CTG�VJG�OQUV�EQO-
OQP�UGSWGPEGU�QH�YQTFU�CETQUU�DKNKPIWCN�

27  F. Rosenblatt, The perceptron: a perceiving and recognizing au-
tomaton. Cornell Aeronautical Laboratory Report 85-460-1 (1957).

28  W. McCulloch and W. Pitts, How we know universals: the per-
ception of auditory and visual forms. Bull Math Biophys 9/3 (1947), 
pp. 127–147.

*MK�����'SQFMREXSVMEP�TEXXIVRW�ERH�/YƼG�WGVMTXW��8STOETM�WGVSPP�� 
ca. 1500, Iran. 
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VGZVU�� 4GICTFNGUU� QH� VJGKT� EQORNGZKV[��
HTQO� VJG� PWOGTKECN� RGTURGEVKXG� QH� OC-
EJKPG� NGCTPKPI�� PQVKQPU� UWEJ� CU� KOCIG��
OQXGOGPV�� HQTO�� UV[NG�� CPF� GVJKECN� FG-
EKUKQP�ECP�CNN�DG�FGUETKDGF�CU�UVCVKUVKECN�
FKUVTKDWVKQPU� QH� RCVVGTP�� +P� VJKU� UGPUG��
RCVVGTP� TGEQIPKVKQP� JCU� VTWN[� DGEQOG� C�
PGY� EWNVWTCN� VGEJPKSWG� VJCV� KU� WUGF� KP�
XCTKQWU� ƓGNFU�� (QT� GZRNCPCVQT[� RWTRQU-
GU�� VJG�0QQUEQRG� KU� FGUETKDGF� CU� C�OC-
EJKPG�VJCV�QRGTCVGU�QP�VJTGG�OQFCNKVKGU��
training, ENCUUKƓECVKQP, and prediction��
+P�OQTG�KPVWKVKXG�VGTOU��VJGUG�OQFCNKVKGU�
ECP�DG�ECNNGF��RCVVGTP�GZVTCEVKQP��RCVVGTP�
TGEQIPKVKQP��CPF�RCVVGTP�IGPGTCVKQP��

4QUGPDNCVVũU� 2GTEGRVTQP� YCU� VJG� ƓTUV�
CNIQTKVJO�VJCV�RCXGF�VJG�YC[�VQ�OCEJKPG�
NGCTPKPI�KP�VJG�EQPVGORQTCT[�UGPUG��#V�C�
VKOG� YJGP� ŨEQORWVGT� UEKGPEGũ� JCF� PQV�
[GV�DGGP�CFQRVGF�CU�FGƓPKVKQP�� VJG�ƓGNF�
YCU�ECNNGF�ŨEQORWVCVKQPCN�IGQOGVT[ũ�CPF�
URGEKƓECNN[� ŨEQPPGEVKQPKUOũ� D[� 4QUGP-
DNCVV�JKOUGNH��6JG�DWUKPGUU�QH�VJGUG�PGW-
TCN� PGVYQTMU�� JQYGXGT��YCU� VQ� ECNEWNCVG�
C� UVCVKUVKECN� KPHGTGPEG�� 9JCV� C� PGWTCN�
PGVYQTM� EQORWVGU� KU� PQV� CP� GZCEV� RCV-
VGTP� DWV� VJG� UVCVKUVKECN� FKUVTKDWVKQP� QH� C�
pattern��,WUV�UETCRKPI�VJG�UWTHCEG�QH�VJG�
CPVJTQRQOQTRJKE� OCTMGVKPI� QH� #+�� QPG�
ƓPFU�CPQVJGT� VGEJPKECN�CPF�EWNVWTCN�QD-
LGEV�VJCV�PGGFU�GZCOKPCVKQP��VJG�UVCVKUVK-
ECN�OQFGN��9JCV� KU� VJG�UVCVKUVKECN�OQFGN�
KP� OCEJKPG� NGCTPKPI!� *QY� KU� KV� ECNEW-
NCVGF!�9JCV� KU� VJG�TGNCVKQPUJKR�DGVYGGP�
C� UVCVKUVKECN� OQFGN� CPF� JWOCP� EQIPK-
VKQP!�6JGUG�CTG�ETWEKCN� KUUWGU� VQ�ENCTKH[��
+P� VGTOU�QH� VJG�YQTM�QH�FGO[UVKƓECVKQP�
VJCV�PGGFU�VQ�DG�FQPG�
CNUQ�VQ�GXCRQTCVG�
UQOG�PCȞXG�SWGUVKQPU���KV�YQWNF�DG�IQQF�
VQ� TGHQTOWNCVG� VJG� VTKVG� SWGUVKQP� Ũ%CP�

C� OCEJKPG� VJKPM!ũ� KPVQ� VJG� VJGQTGVKECN-
N[� UQWPFGT� SWGUVKQPU� Ũ%CP� C� UVCVKUVKECN�
OQFGN� VJKPM!ũ�� Ũ%CP� C� UVCVKUVKECN� OQFGN�
FGXGNQR�EQPUEKQWUPGUU!ũ��GV�EGVGTC��

The learning  
algorithm:  
compressing  
the world into a  
statistical model 
6JG�CNIQTKVJOU�QH�#+�CTG�QHVGP�GXQMGF�CU�
CNEJGOKE� HQTOWNCU�� ECRCDNG� QH� FKUVKNNKPI�
ŨCNKGPũ� HQTOU� QH� KPVGNNKIGPEG�� $WV� YJCV�
FQ� VJG� CNIQTKVJOU� QH� OCEJKPG� NGCTPKPI�
TGCNN[�FQ!�(GY�RGQRNG��KPENWFKPI�VJG�HQN-
NQYGTU� QH� CTVKƓEKCN� IGPGTCN� KPVGNNKIGPEG�

#)+��� DQVJGT� VQ� CUM� VJKU� SWGUVKQP��#NIQ-
TKVJO�KU�VJG�PCOG�QH�C�RTQEGUU��YJGTGD[�
C� OCEJKPG� RGTHQTOU� C� ECNEWNCVKQP�� 6JG�
RTQFWEV�QH�UWEJ�OCEJKPG�RTQEGUUGU� KU�C�
UVCVKUVKECN� OQFGN� 
OQTG� CEEWTCVGN[� VGT-
OGF� CP� ŨCNIQTKVJOKE� UVCVKUVKECN� OQFGNũ���
+P� VJG� FGXGNQRGT� EQOOWPKV[�� VJG� VGTO�
ŨCNIQTKVJOũ�KU�KPETGCUKPIN[�TGRNCEGF�YKVJ�
ŨOQFGN�ũ� 6JKU� VGTOKPQNQIKECN� EQPHWUKQP�
CTKUGU� HTQO� VJG� HCEV� VJCV� VJG� UVCVKUVKECN�
OQFGN�FQGU�PQV�GZKUV�UGRCTCVGN[�HTQO�VJG�
CNIQTKVJO�� UQOGJQY�� VJG� UVCVKUVKECN�OQ-
FGN�GZKUVU�KPUKFG�VJG�CNIQTKVJO�WPFGT�VJG�
HQTO� QH� FKUVTKDWVGF� OGOQT[� CETQUU� KVU�
RCTCOGVGTU��(QT�VJG�UCOG�TGCUQP��KV�KU�GU-
UGPVKCNN[�KORQUUKDNG�VQ�XKUWCNKUG�CP�CNIQ-
TKVJOKE�UVCVKUVKECN�OQFGN��CU�KU�FQPG�YKVJ�
UKORNG�OCVJGOCVKECN�HWPEVKQPU��5VKNN��VJG�
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EJCNNGPIG�KU�YQTVJYJKNG��
+P�OCEJKPG� NGCTPKPI�� VJGTG� CTG�OCP[�

CNIQTKVJO� CTEJKVGEVWTGU�� UKORNG� 2GTEGR-
VTQP��FGGR�PGWTCN�PGVYQTM��5WRRQTV�8GE-
VQT�/CEJKPG��$C[GUKCP�PGVYQTM��/CTMQX�
EJCKP��CWVQGPEQFGT��$QNV\OCPP�OCEJKPG��
GVE��'CEJ�QH�VJGUG�CTEJKVGEVWTGU�JCU�C�FKH-
HGTGPV� JKUVQT[� 
QHVGP� TQQVGF� KP� OKNKVCT[�
CIGPEKGU�CPF�EQTRQTCVKQPU�QH� VJG�)NQDCN�
0QTVJ��� #TVKƓEKCN� PGWTCN� PGVYQTMU� UVCTV-
GF�CU� UKORNG� EQORWVKPI� UVTWEVWTGU� VJCV�

GXQNXGF� KPVQ� EQORNGZ� QPGU� YJKEJ� CTG�
PQY� EQPVTQNNGF� D[� C� HGY� hyperparam-
GVGTU� VJCV� GZRTGUU� OKNNKQPU� QH� parame-
VGTU�29�(QT�KPUVCPEG��EQPXQNWVKQPCN�PGWTCN�
PGVYQTMU�CTG�FGUETKDGF�D[�C� NKOKVGF�UGV�
QH� J[RGTRCTCOGVGTU� 
PWODGT� QH� NC[GTU��
PWODGT�QH�PGWTQPU�RGT�NC[GT��V[RG�QH�EQP-

29  The parameters of a model that are learnt from data are called 
ƄTEVEQIXIVWƅ��[LMPI�TEVEQIXIVW�XLEX�EVI�RSX�PIEVRX�JVSQ�HEXE�ERH�
EVI�Ƽ\IH�QERYEPP]�EVI�GEPPIH�ƄL]TIVTEVEQIXIVWƅ��XLIWI�HIXIVQMRI�
number and properties of the parameters.).

Fig. 4: Source: https://www.asimovinstitute.org/neural-network-zoo. 
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PGEVKQP��DGJCXKQWT�QH�PGWTQPU��GVE��� VJCV�
RTQLGEV�C�EQORNGZ�VQRQNQI[�QH�VJQWUCPFU�
QH�CTVKƓEKCN�PGWTQPU�YKVJ�OKNNKQPU�QH�RC-
TCOGVGTU� KP� VQVCN�� 6JG� CNIQTKVJO� UVCTVU�
CU�C�DNCPM�UNCVG�CPF��FWTKPI�VJG�RTQEGUU�
ECNNGF� VTCKPKPI�� QT� ŨNGCTPKPI� HTQO� FCVCũ��
CFLWUVU�KVU�RCTCOGVGTU�WPVKN� KV�TGCEJGU�C�
IQQF�TGRTGUGPVCVKQP�QH�VJG�KPRWV�FCVC��+P�
KOCIG� TGEQIPKVKQP�� CU� CNTGCF[� UGGP�� VJG�
EQORWVCVKQP� QH� OKNNKQPU� QH� RCTCOGVGTU�
JCU� VQ� TGUQNXG� KPVQ�C�UKORNG�DKPCT[�QWV-
RWV������VTWG��C�IKXGP�KOCIG�KU�TGEQIPKUGF��
QT����� HCNUG��C�IKXGP�KOCIG�KU�PQV�TGEQI-
PKUGF���

#VVGORVKPI�CP�CEEGUUKDNG�GZRNCPCVKQP�
QH� VJG� TGNCVKQPUJKR� DGVYGGP� CNIQTKVJO�
CPF�OQFGN��NGV�WU�JCXG�C�NQQM�CV�VJG�EQO-
RNGZ�+PEGRVKQP�X��CNIQTKVJO��C�FGGR�EQP-
XQNWVKQPCN�PGWTCN�PGVYQTM�HQT�KOCIG�TGE-
QIPKVKQP�FGUKIPGF�CV�)QQING�CPF�VTCKPGF�
QP�VJG�+OCIG0GV�FCVCUGV��+PEGRVKQP�X��KU�
UCKF�VQ�JCXG�C�����CEEWTCE[�KP�KFGPVKH[-
KPI�VJG�NCDGN�QH�C�RKEVWTG��DWV�VJG�RGTHQT-
OCPEG� QH� ŨOCEJKPG� KPVGNNKIGPEGũ� KP� VJKU�
ECUG� ECP� DG�OGCUWTGF� CNUQ� D[� VJG� RTQ-
RQTVKQP�DGVYGGP�VJG�UK\G�QH�VTCKPKPI�FCVC�
CPF�VJG�VTCKPGF�CNIQTKVJO�
QT�OQFGN���+O-
CIG0GV�EQPVCKPU����OKNNKQP� KOCIGU�YKVJ�
CUUQEKCVGF� NCDGNU� VJCV� QEEWR[� CRRTQZK-
OCVGN[�����IKICD[VGU�QH�OGOQT[��1P�VJG�
QVJGT�JCPF��+PEGRVKQP�X���YJKEJ�KU�OGCPV�
VQ� TGRTGUGPV� VJG� KPHQTOCVKQP� EQPVCKPGF�
KP� +OCIG0GV�� KU� QPN[����OGICD[VGU��6JG�
TCVKQ� QH� EQORTGUUKQP� DGVYGGP� VTCKP-
KPI� FCVC� CPF� OQFGN� RCTVKCNN[� FGUETKDGU�
CNUQ� VJG� TCVG� QH� KPHQTOCVKQP� FKHHTCEVKQP��
#� VCDNG� HTQO� VJG� -GTCU� FQEWOGPVCVKQP�
EQORCTGU� VJGUG�XCNWGU� 
PWODGTU� QH� RC-

30  This value can be also a percentage value between 1 and 0.

TCOGVGTU��NC[GT�FGRVJ��ƓNG�FKOGPUKQP�CPF�
CEEWTCE[��HQT�VJG�OCKP�OQFGNU�QH�KOCIG�
TGEQIPKVKQP��� 6JKU�KU�C�DTWVCNKUV�DWV�GHHGE-
VKXG� YC[� VQ� UJQY� VJG� TGNCVKQP� DGVYGGP�
OQFGN�CPF�FCVC�� VQ�UJQY�JQY�VJG� ŨKPVGN-
NKIGPEGũ� QH� CNIQTKVJOU� KU� OGCUWTGF� CPF�
CUUGUUGF�KP�VJG�FGXGNQRGT�EQOOWPKV[��

5VCVKUVKECN�OQFGNU� JCXG� CNYC[U� KPƔW-
GPEGF�EWNVWTG�CPF�RQNKVKEU��6JG[�FKF�PQV�
LWUV�GOGTIG�YKVJ�OCEJKPG�NGCTPKPI��OC-
EJKPG�NGCTPKPI�KU�LWUV�C�PGY�YC[�VQ�CWVQ-
OCVG�VJG�VGEJPKSWG�QH�UVCVKUVKECN�OQFGN-
NKPI��9JGP�)TGVC�6JWPDGTI�YCTPU�Ũ.KUVGP�
VQ�UEKGPEGũ��YJCV�UJG�TGCNN[�OGCPU��DGKPI�
C�IQQF�UVWFGPV�QH�OCVJGOCVKEU��KU�Ũ.KUVGP�
VQ� VJG� UVCVKUVKECN�OQFGNU� QH� ENKOCVG� UEK-
GPEGũ�� 0Q� UVCVKUVKECN�OQFGNU�� PQ� ENKOCVG�
UEKGPEG�� PQ� ENKOCVG� UEKGPEG�� PQ� ENKOCVG�
CEVKXKUO�� %NKOCVG� UEKGPEG� KU� KPFGGF� C�
IQQF� GZCORNG� VQ� UVCTV� YKVJ�� KP� QTFGT� VQ�
WPFGTUVCPF� UVCVKUVKECN� OQFGNU�� )NQDCN�
YCTOKPI� JCU� DGGP� ECNEWNCVGF� D[� ƓTUV�
EQNNGEVKPI�C�XCUV�FCVCUGV�QH�VGORGTCVWTGU�
HTQO�'CTVJũU�UWTHCEG�GCEJ�FC[�QH�VJG�[GCT��
CPF� UGEQPF�� D[� CRRN[KPI� C� OCVJGOCV-
KECN�OQFGN� VJCV� RNQVU� VJG� EWTXG� QH� VGO-
RGTCVWTG�XCTKCVKQPU� KP� VJG�RCUV�CPF�RTQ-
LGEVU� VJG� UCOG�RCVVGTP� KPVQ� VJG� HWVWTG�32 
%NKOCVG� OQFGNU� CTG� JKUVQTKECN� CTVGHCEVU�
VJCV� CTG� VGUVGF� CPF� FGDCVGF� YKVJKP� VJG�
UEKGPVKƓE�EQOOWPKV[��CPF�VQFC[��CNUQ�DG-
[QPF�33 /CEJKPG�NGCTPKPI�OQFGNU��QP�VJG�

31  https://keras.io/applications (documentation for individual 
models.) 

32  P. Edwards, A vast machine: computer models, climate data, 
and the politics of global warming (Cambridge, MA 2010).

33  See the Community Earth System Model (CESM) that has 
been developed by the National Center for Atmospheric Research 
in Bolder, Colorado, since 1996. “The Community Earth System 
Model is a fully coupled numerical simulation of the Earth system 
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EQPVTCT[��CTG�QRCSWG�CPF�KPCEEGUUKDNG�VQ�
EQOOWPKV[�FGDCVG��)KXGP� VJG�FGITGG�QH�
O[VJ�OCMKPI�CPF�UQEKCN�DKCU�CTQWPF�KVU�
OCVJGOCVKECN�EQPUVTWEVU��#+�JCU�KPFGGF�
KPCWIWTCVGF�VJG�CIG�QH�UVCVKUVKECN�UEKGPEG�
ƓEVKQP��0QQUEQRG�KU�VJG�RTQLGEVQT�QH�VJKU�
NCTIG�UVCVKUVKECN�EKPGOC��

All models are 
wrong, but some 
are useful 
Ŭ#NN�OQFGNU�CTG�YTQPI��DWV�UQOG�CTG�WUG-
HWNŭ�ť�VJG�ECPQPKECN�FKEVWO�QH�VJG�$TKVKUJ�
UVCVKUVKEKCP�)GQTIG�$QZ�JCU� NQPI�GPECR-
UWNCVGF� VJG� NQIKECN� NKOKVCVKQPU� QH� UVCVKU-
VKEU�CPF�OCEJKPG�NGCTPKPI�34�6JKU�OCZKO��
JQYGXGT�� KU� QHVGP�WUGF� VQ� NGIKVKOKUG� VJG�
DKCU�QH�EQTRQTCVG�CPF�UVCVG�#+��%QORWVGT�
UEKGPVKUVU� CTIWG� VJCV� JWOCP� EQIPKVKQP�
TGƔGEVU�VJG�ECRCEKV[�VQ�CDUVTCEV�CPF�CR-
RTQZKOCVG� RCVVGTPU�� 6JGTGHQTG�� YJCVũU�
VJG�RTQDNGO�YKVJ�OCEJKPGU�DGKPI�CRRTQ-
ZKOCVG��CPF�FQKPI�VJG�UCOG!�9KVJKP�VJKU�
CTIWOGPV��KV�KU�TJGVQTKECNN[�TGRGCVGF�VJCV�
ŨVJG�OCR�KU�PQV�VJG�VGTTKVQT[ũ��6JKU�UQWPFU�
TGCUQPCDNG�� $WV�YJCV� UJQWNF� DG� EQPVGU-
VGF�KU�VJCV�#+�KU�C�JGCXKN[�EQORTGUUGF�CPF�
FKUVQTVGF� OCR� QH� VJG� VGTTKVQT[� CPF� VJCV�
VJKU�OCR��NKMG�OCP[�HQTOU�QH�CWVQOCVKQP��

consisting of atmospheric, ocean, ice, land surface, carbon cycle, 
and other components. CESM includes a climate model providing 
state-of-the-art simulations of the Earth’s past, present, and future.” 
(https://www.cesm.ucar.edu).

34� �+��&S\��6SFYWXRIWW�MR�XLI�WXVEXIK]�SJ�WGMIRXMƼG�QSHIP�FYMPHMRK��
Mathematics Research Center, Technical report 1954, University of 
Wisconsin-Madison (1979).

KU�PQV�QRGP�VQ�EQOOWPKV[�PGIQVKCVKQP��#+�
KU�C�OCR�QH�VJG�VGTTKVQT[�YKVJQWV�EQOOW-
PKV[�CEEGUU�CPF�EQOOWPKV[�EQPUGPV�35

*QY�FQGU�OCEJKPG�NGCTPKPI�RNQV�C�UVC-
VKUVKECN�OCR�QH� VJG�YQTNF!�.GVũU� HCEG� VJG�
URGEKƓE� ECUG� QH� KOCIG� TGEQIPKVKQP� 
VJG�
DCUKE� HQTO� QH� VJG� NCDQWT� QH� RGTEGRVKQP, 
YJKEJ�JCU�DGGP�EQFKƓGF�CPF�CWVQOCVGF�
CU�RCVVGTP�TGEQIPKVKQP��36�)KXGP�CP�KOCIG�
VQ� DG� ENCUUKƓGF�� VJG� CNIQTKVJO� FGVGEVU�
VJG� GFIGU� QH� CP�QDLGEV� CU� VJG� UVCVKUVKECN�
FKUVTKDWVKQP�QH�FCTM�RKZGNU�UWTTQWPFGF�D[�
NKIJV�QPGU�
C�V[RKECN�XKUWCN�RCVVGTP���6JG�
CNIQTKVJO�FQGU�PQV�MPQY�YJCV�CP�KOCIG�
KU��FQGU�PQV�RGTEGKXG�CP�KOCIG�CU�JWOCP�
EQIPKVKQP� FQGU�� KV� QPN[� EQORWVGU� RKZ-
GNU�� PWOGTKECN� XCNWGU� QH� DTKIJVPGUU� CPF�
RTQZKOKV[��6JG�CNIQTKVJO�KU�RTQITCOOGF�
VQ�TGEQTF�QPN[�VJG�FCTM�GFIG�QH�C�RTQƓNG�

VJCV� KU� VQ� ƓV� VJCV� FGUKTGF� RCVVGTP�� CPF�
PQV�CNN�VJG�RKZGNU�CETQUU�VJG�KOCIG�
VJCV�
YQWNF�TGUWNV�KP�QXGTƓVVKPI�and repeating 
VJG�YJQNG�XKUWCN�ƓGNF���#�UVCVKUVKECN�OQF-
GN�KU�UCKF�VQ�DG�VTCKPGF�UWEEGUUHWNN[�YJGP�
KV� ECP� GNGICPVN[� ƓV� QPN[� VJG� KORQTVCPV�
RCVVGTPU� QH� VJG� VTCKPKPI� FCVC� CPF� CRRN[�
VJQUG� RCVVGTPU� CNUQ� VQ� PGY� FCVC� ŨKP� VJG�
YKNFũ��+H�C�OQFGN�NGCTPU�VJG�VTCKPKPI�FCVC�
VQQ�YGNN��KV�TGEQIPKUGU�QPN[�GZCEV�OCVEJ-
GU�QH�VJG�QTKIKPCN�RCVVGTPU�CPF�YKNN�QXGT-
NQQM�VJQUG�YKVJ�ENQUG�UKOKNCTKVKGU��ŨKP�VJG�
YKNFũ�� +P� VJKU�ECUG�� VJG�OQFGN� KU�QXGT�ƓV-
ting�� DGECWUG� KV� JCU�OGVKEWNQWUN[� NGCTPV�

35  Post-colonial and post-structuralist schools of anthropology 
and ethnology have stressed that there is never territory per se, but 
always an act of territorialisation.

36  Pattern recognition is one among many other economies of 
attention. “To look is to labor,” as Jonathan Beller reminds us; see 
J. Beller, The cinematic mode of production: attention economy and 
the society of the spectacle (Lebanon, NH 2006), p. 2.
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GXGT[VJKPI� 
KPENWFKPI� PQKUG�� CPF� KU� PQV�
CDNG� VQ� FKUVKPIWKUJ� C� RCVVGTP� HTQO� KVU�
DCEMITQWPF��1P�VJG�QVJGT�JCPF��VJG�OQF-
GN�KU�WPFGTƓVVKPI YJGP�KV�KU�PQV�CDNG�VQ�FG-
VGEV�OGCPKPIHWN�RCVVGTPU�HTQO�VJG�VTCKP-
KPI�FCVC��6JG�PQVKQPU�QH�FCVC�QXGTƓVVKPI��
ƓVVKPI�CPF�WPFGTƓVVKPI�ECP�DG�XKUWCNKUGF�
QP�C�%CTVGUKCP�RNCPG��

6JG�EJCNNGPIG�QH�IWCTFKPI�VJG�CEEWTC-
E[�QH�OCEJKPG� NGCTPKPI� NC[U� KP�ECNKDTCV-
KPI�VJG�GSWKNKDTKWO�DGVYGGP�FCVC�WPFGT-
ƓVVKPI� CPF� QXGTƓVVKPI��YJKEJ� KU� FKHƓEWNV�
VQ� FQ� DGECWUG� QH� FKHHGTGPV� OCEJKPG� DK-
CUGU��/CEJKPG�NGCTPKPI�KU�C�VGTO�VJCV��CU�

OWEJ�CU�Ũ#+ũ��CPVJTQRQOQTRJK\GU�C�RKGEG�
QH� VGEJPQNQI[��OCEJKPG� NGCTPKPI� NGCTPU�
nothing KP�VJG�RTQRGT�UGPUG�QH�VJG�YQTF��
CU�C�JWOCP�FQGU��OCEJKPG�NGCTPKPI�UKO-
RN[�OCRU�C�UVCVKUVKECN�FKUVTKDWVKQP�QH�PW-
OGTKECN�XCNWGU�CPF�FTCYU�C�OCVJGOCVK-
ECN�HWPEVKQP�VJCV�JQRGHWNN[�CRRTQZKOCVGU�
JWOCP�EQORTGJGPUKQP��6JCV�DGKPI�UCKF��
OCEJKPG� NGCTPKPI� ECP�� HQT� VJKU� TGCUQP��
ECUV�PGY�NKIJV�QP�VJG�YC[U�KP�YJKEJ�JW-
OCPU�EQORTGJGPF��

6JG�UVCVKUVKECN�OQFGN�QH�OCEJKPG�NGCTP-
KPI�CNIQTKVJOU�KU�CNUQ�CP�CRRTQZKOCVKQP�
KP�VJG�UGPUG�VJCV�KV�IWGUUGU�VJG�OKUUKPI�
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Fig. 5: Source: keras.io/applications.
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RCTVU�QH�VJG�FCVC�ITCRJ��GKVJGT�VJTQWIJ�in-
VGTRQNCVKQP��YJKEJ�KU�VJG�RTGFKEVKQP�QH�CP�
QWVRWV�y YKVJKP�VJG�MPQYP�KPVGTXCN�QH�VJG�
KPRWV�Z�KP�VJG�VTCKPKPI�FCVCUGV��QT�VJTQWIJ�
GZVTCRQNCVKQP��YJKEJ�KU�VJG�RTGFKEVKQP�QH�
QWVRWV�y DG[QPF�VJG�NKOKVU�QH�Z��QHVGP�YKVJ�
JKIJ�TKUMU�QH�KPCEEWTCE[��6JKU�KU�YJCV�ŨKP-
VGNNKIGPEGũ�OGCPU�VQFC[�YKVJKP�OCEJKPG�
KPVGNNKIGPEG�� VQ� GZVTCRQNCVG� C� PQP�NKPGCT�
HWPEVKQP�DG[QPF�MPQYP�FCVC�DQWPFCTKGU��
#U�&CP�/E3WKNNKCP�CRVN[�RWVU�KV��Ŭ6JGTG�KU�
PQ� KPVGNNKIGPEG� KP� CTVKƓEKCN� KPVGNNKIGPEG��
PQT�FQGU�KV�NGCTP��GXGP�VJQWIJ�KVU�VGEJPK-
ECN�PCOG�KU�OCEJKPG�NGCTPKPI��KV�KU�UKO-
RN[�OCVJGOCVKECN�OKPKOK\CVKQP�ŭ37

+V�KU�KORQTVCPV�VQ�TGECNN�VJCV�VJG�ŨKPVGN-
NKIGPEGũ�QH�OCEJKPG�NGCTPKPI�KU�PQV�FTKX-
GP� D[� GZCEV� HQTOWNCU� QH� OCVJGOCVKECN�
CPCN[UKU��DWV�D[�CNIQTKVJOU�QH�DTWVG�HQTEG�
CRRTQZKOCVKQP��6JG�UJCRG�QH�VJG�EQTTGNC-
VKQP� HWPEVKQP� DGVYGGP� KPRWV� Z� CPF� QWV-
RWV y KU� ECNEWNCVGF� CNIQTKVJOKECNN[�� UVGR�
D[� UVGR�� VJTQWIJ� VKTGUQOG� OGEJCPKECN�

37  D. McQuillan, Manifesto on algorithmic humanitarianism. 
Presented at the symposium reimagining digital humanitarianism, 
Goldsmiths, University of London (February 1, 2018); D. McQuillan, 
People’s councils for ethical machine learning. Soc Media Soc 4/2 
(2018), p. 3.

RTQEGUUGU� QH� ITCFWCN� CFLWUVOGPV� 
NKMG�
ITCFKGPV� FGUEGPV�� HQT� KPUVCPEG�� VJCV� CTG�
GSWKXCNGPV�VQ�VJG�FKHHGTGPVKCN�ECNEWNWU�QH�
.GKDPK\�CPF�0GYVQP��0GWTCN�PGVYQTMU�CTG�
UCKF�VQ�DG�COQPI�VJG�OQUV�GHƓEKGPV�CNIQ-
TKVJOU��DGECWUG�VJGUG�FKHHGTGPVKCN�OGVJ-
QFU� ECP� CRRTQZKOCVG� VJG� UJCRG� QH� CP[�
HWPEVKQP�IKXGP�GPQWIJ�NC[GTU�QH�PGWTQPU�
CPF� CDWPFCPV� EQORWVKPI� TGUQWTEGU�38 

$TWVG�HQTEG� ITCFWCN� CRRTQZKOCVKQP� QH� C�
HWPEVKQP�KU�VJG�EQTG�HGCVWTG�QH�VQFC[ũU�#+��
CPF�QPN[� HTQO� VJKU�RGTURGEVKXG�ECP�QPG�
WPFGTUVCPF� KVU� RQVGPVKCNKVKGU� CPF� NKOK-
VCVKQPU�ť�RCTVKEWNCTN[��KVU�GUECNCVKPI�ECT-
DQP�HQQVRTKPV�
VJG�VTCKPKPI�QH�FGGR�PGWTCN�
PGVYQTMU�TGSWKTGU�GZQTDKVCPV�COQWPVU�QH�
GPGTI[�DGECWUG�QH�ITCFKGPV�FGUEGPV�CPF�
UKOKNCT� VTCKPKPI�CNIQTKVJOU�VJCV�QRGTCVG�
QP�VJG�DCUKU�QH�EQPVKPWQWU�KPƓPKVGUKOCN�
CFLWUVOGPVU��39

38  As proven by the Universal Approximation Theorem.

39  A. Ganesh, A. McCallum and E. Strubell, Energy and policy 
considerations for deep learning in NLP (2019). arXiv preprint; 
arXiv:1906.02243.

Fig. 6.
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World to vector 
6JG�PQVKQPU�QH�FCVC�ƓVVKPI��QXGTƓVVKPI��WP-
FGTƓVVKPI��KPVGTRQNCVKQP�CPF�GZVTCRQNCVKQP�
ECP�DG�GCUKN[�XKUWCNKUGF�KP�VYQ�FKOGPUK-
QPU��DWV�UVCVKUVKECN�OQFGNU�WUWCNN[�QRGTC-
VG�CNQPI�OWNVKFKOGPUKQPCN�URCEGU�QH�FCVC��
$GHQTG�DGKPI�CPCN[UGF��FCVC�CTG�GPEQFGF�
into a OWNVK�FKOGPUKQPCN� XGEVQT� URCEG�
VJCV�KU�HCT�HTQO�KPVWKVKXG��9JCV�KU�C�XGEVQT�
URCEG�CPF�YJ[�KU�KV�OWNVK�FKOGPUKQPCN!�

%CTFQP�� %QKPVGV� CPF� /C\KȗTG� FGUETKDG�
VJG�XGEVQTKCNKUCVKQP�QH�FCVC�KP�VJKU�YC[��#�
PGWTCN�PGVYQTM�TGSWKTGU�VJG�KPRWVU�QH�VJG�
ECNEWNCVQT� VQ� VCMG�QP� VJG� HQTO�QH�C�XGE-
VQT�� 6JGTGHQTG�� VJG�YQTNF�OWUV� DG� EQFGF�
KP�CFXCPEG� KP�VJG�HQTO�QH�C�RWTGN[�FKIK-
VCN� XGEVQTKCN� TGRTGUGPVCVKQP�� 9JKNG� EGT-
VCKP�QDLGEVU�UWEJ�CU�KOCIGU�CTG�PCVWTCNN[�
DTQMGP�FQYP� KPVQ�XGEVQTU�� QVJGT� QDLGEVU�
PGGF� VQ�DG� ŨGODGFFGFũ�YKVJKP�C�XGEVQTK-
CN�URCEG�DGHQTG�KV�KU�RQUUKDNG�VQ�ECNEWNCVG�
QT� ENCUUKH[� VJGO� YKVJ� PGWTCN� PGVYQTMU��
6JKU�KU�VJG�ECUG�QH�VGZV��YJKEJ�KU�VJG�RTQ-
VQV[RKECN� GZCORNG��6Q� KPRWV�C�YQTF� KPVQ�
C�PGWTCN�PGVYQTM�� VJG�9QTF�XGE� techni-
SWG�ŨGODGFUũ�KV�KPVQ�C�XGEVQTKCN�URCEG�VJCV�
OGCUWTGU� KVU� FKUVCPEG� HTQO� VJG� QVJGT�
YQTFU�KP�VJG�EQTRWU��9QTFU�VJWU�KPJGTKV�
C� RQUKVKQP� YKVJKP� C� URCEG� YKVJ� UGXGTCN�
JWPFTGFU�QH�FKOGPUKQPU��6JG�CFXCPVCIG�
QH� UWEJ� C� TGRTGUGPVCVKQP� TGUKFGU� KP� VJG�
PWOGTQWU� QRGTCVKQPU� QHHGTGF� D[� UWEJ� C�
VTCPUHQTOCVKQP��6YQ�VGTOU�YJQUG�KPHGT-
TGF�RQUKVKQPU�CTG�PGCT�QPG�CPQVJGT�KP�VJKU�
URCEG� CTG� GSWCNN[� UKOKNCT� UGOCPVKECNN[��
VJGUG�TGRTGUGPVCVKQPU�CTG�UCKF�VQ�DG�FKU-
VTKDWVGF��VJG�XGEVQT�QH�VJG�EQPEGRV�ŨCRCTV-
OGPVũ�=Ɖ�����������Ɖ������������?�YKNN�DG�UKOKNCT�
VQ�VJCV�QH�ŨJQWUGũ�=Ɖ�����������Ɖ������������?�=���?�
9JKNG� PCVWTCN� NCPIWCIG� RTQEGUUKPI�YCU�
RKQPGGTKPI� HQT� ŨGODGFFKPIũ� YQTFU� KP� C�
XGEVQTKCN�URCEG��VQFC[�YG�CTG�YKVPGUUKPI�
C� IGPGTCNK\CVKQP� QH� VJG� GODGFFKPI� RTQ-
EGUU� YJKEJ� KU� RTQITGUUKXGN[� GZVGPFKPI�
VQ� CNN� CRRNKECVKQPU� ƓGNFU�� PGVYQTMU� CTG�
DGEQOKPI� UKO��RNG�RQKPVU� KP� C� XGEVQTKCN�
URCEG� YKVJ� ITCRJ�XGE�� VGZVU� YKVJ� para-
ITCRJ�XGE�� ƓNOU� YKVJ� OQXKG�XGE, mea-
PKPIU�QH�YQTFU�YKVJ�UGPU�XGE��OQNGEWNCT�
UVTWEVWTGU�YKVJ�OQN�XGE�� GVE��#EEQTFKPI�
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Fig 7: Multidimensional vector space.

Fig 8: Vector space of seven words in three contexts. Source: 
https://corpling.hypotheses.org/495.
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VQ�;CPP�.G%WP��VJG�IQCN�QH�VJG�FGUKIPGTU�
QH�EQPPGEVKQPKUV�OCEJKPGU� KU� VQ�RWV� VJG�
YQTNF�KP�C�XGEVQT�
YQTNF�XGE����

/WNVK�FKOGPUKQPCN�XGEVQT�URCEG�KU�CP-
QVJGT� TGCUQP�YJ[� VJG� NQIKE� QH�OCEJKPG�
NGCTPKPI�KU�FKHƓEWNV�VQ�ITCUR��8GEVQT�URCEG�
KU�CPQVJGT�PGY�EWNVWTCN�VGEJPKSWG��YQTVJ�
DGEQOKPI�HCOKNKCT�YKVJ��6JG�ƓGNF�QH�&KI-
KVCN� *WOCPKVKGU�� KP� RCTVKEWNCT�� JCU� DGGP�
EQXGTKPI� VJG� VGEJPKSWG� QH� XGEVQTKCNKUC-
VKQP�VJTQWIJ�YJKEJ�QWT�EQNNGEVKXG�MPQYN-
GFIG�KU�KPXKUKDN[�TGPFGTGF�CPF�RTQEGUUGF��
9KNNKCO� )KDUQPũU� QTKIKPCN� FGƓPKVKQP� QH�
E[DGTURCEG�RTQRJGUK\GF��OQUV�NKMGN[��VJG�
EQOKPI� QH� C� XGEVQT� URCEG� TCVJGT� VJCP�
XKTVWCN�TGCNKV[�� Ŭ#�ITCRJKE�TGRTGUGPVCVKQP�
QH� FCVC� CDUVTCEVGF� HTQO� VJG� DCPMU� QH�
GXGT[� EQORWVGT� KP� VJG� JWOCP� U[UVGO��
7PVJKPMCDNG� EQORNGZKV[�� .KPGU� QH� NKIJV�
TCPIGF� KP� VJG� PQPURCEG� QH� VJG� OKPF��
ENWUVGTU�CPF�EQPUVGNNCVKQPU�QH�FCVC��.KMG�
EKV[�NKIJVU��TGEGFKPI�ŭ��

+V� OWUV� DG� UVTGUUGF�� JQYGXGT�� VJCV�
OCEJKPG� NGCTPKPI� UVKNN� TGUGODNGU� OQTG�

40  D. Cardon, J.P. Cointet and A. Mazières, Neurons spike back: 
XLI�MRZIRXMSR�SJ�MRHYGXMZI�QEGLMRIW�ERH�XLI�EVXMƼGMEP�MRXIPPMKIRGI�
controversy. Réseaux 5 (2018), p. 211.

41  W. Gibson, Neuromancer (New York 1984), p. 69.

ETCHVUOCPUJKR�VJCP�GZCEV�OCVJGOCVKEU��
#+�KU�UVKNN�C�JKUVQT[�QH�JCEMU�CPF�VTKEMU�TCV-
JGT� VJCP�O[UVKECN� KPVWKVKQPU��(QT�GZCO-
RNG��QPG�VTKEM�QH� KPHQTOCVKQP�EQORTGUUK-
QP�KU�FKOGPUKQPCNKV[�TGFWEVKQP��YJKEJ�KU�
WUGF�VQ�CXQKF�VJG�%WTUG�QH�&KOGPUKQPCNK-
V[�� VJCV� KU�VJG�GZRQPGPVKCN�ITQYVJ�QH�VJG�
XCTKGV[� QH� HGCVWTGU� KP� VJG� XGEVQT� URCEG��
6JG� FKOGPUKQPU� QH� VJG� ECVGIQTKGU� VJCV�
UJQY� NQY� XCTKCPEG� KP� VJG� XGEVQT� URCEG�

K�G�� YJQUG� XCNWGU� ƔWEVWCVG� QPN[� C� NKVV-
NG�� CTG� CIITGICVGF� VQ� TGFWEG�ECNEWNCVKQP�
EQUVU�� &KOGPUKQPCNKV[� TGFWEVKQP� ECP� DG�
WUGF�VQ�ENWUVGT�YQTF�OGCPKPIU�
UWEJ�CU�
KP�VJG�OQFGN�YQTF�XGE��DWV�ECP�CNUQ�NGCF�
to ECVGIQT[� TGFWEVKQP�� YJKEJ� ECP� JCXG�
CP�KORCEV�QP�VJG�TGRTGUGPVCVKQP�QH�UQEKCN�
FKXGTUKV[�� &KOGPUKQPCNKV[� TGFWEVKQP� ECP�
UJTKPM� VCZQPQOKGU� CPF� KPVTQFWEG� DKCU��
HWTVJGT�PQTOCNKUKPI�YQTNF�FKXGTUKV[�CPF�
QDNKVGTCVKPI�WPKSWG�KFGPVKVKGU�42

42  S. Samadi et al., The price of fair pca: one extra dimension, 
in: Advances in neural information processing systems (2018), pp. 
10976–10987.

Fig. 9.
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The society of 
GPEWWMƼGEXMSR�
and prediction 
bots 
/QUV� QH� VJG� EQPVGORQTCT[� CRRNKECVKQPU�
QH�OCEJKPG�NGCTPKPI�ECP�DG�FGUETKDGF�CE-
EQTFKPI�VQ�VJG�VYQ�OQFCNKVKGU�QH�ENCUUKƓ-
ECVKQP�CPF�RTGFKEVKQP��YJKEJ�QWVNKPG�VJG�
EQPVQWTU�QH�C�PGY�UQEKGV[�QH�EQPVTQN�CPF�
UVCVKUVKECN� IQXGTPCPEG�� %NCUUKƓECVKQP� KU�
MPQYP�CU�pattern recognition��YJKNG�RTG-
FKEVKQP�ECP�DG�FGƓPGF�CNUQ�CU�pattern ge-
neration��#�PGY�RCVVGTP�KU�TGEQIPKUGF�QT�
IGPGTCVGF�D[�KPVGTTQICVKPI�VJG�KPPGT�EQTG�
QH�VJG�UVCVKUVKECN�OQFGN��

/CEJKPG�NGCTPKPI�ENCUUKƓECVKQP�KU�WUW-
CNN[� GORNQ[GF� VQ� TGEQIPKUG� C� UKIP�� CP�
QDLGEV��QT�C�JWOCP�HCEG��CPF�VQ�CUUKIP�C�
EQTTGURQPFKPI�ECVGIQT[�
NCDGN��CEEQTFKPI�
VQ� VCZQPQO[�QT�EWNVWTCN�EQPXGPVKQP��#P�
KPRWV�ƓNG� 
G�I��C�JGCFUJQV�ECRVWTGF�D[�C�
UWTXGKNNCPEG�ECOGTC�� KU�TWP�VJTQWIJ�VJG�
OQFGN�VQ�FGVGTOKPG�YJGVJGT�KV�HCNNU�YKVJ-
KP�KVU�UVCVKUVKECN�FKUVTKDWVKQP�QT�PQV��+H�UQ��
KV� KU� CUUKIPGF� VJG� EQTTGURQPFKPI� QWVRWV�
NCDGN��5KPEG�VJG�VKOGU�QH�VJG�2GTEGRVTQP��
ENCUUKƓECVKQP�JCU�DGGP�VJG�QTKIKPCT[�CR-
RNKECVKQP�QH�PGWTCN�PGVYQTMU��YKVJ�&GGR�
.GCTPKPI��VJKU�VGEJPKSWG�KU�HQWPF�WDKSWK-
VQWUN[�KP�HCEG�TGEQIPKVKQP�ENCUUKƓGTU�VJCV�
CTG�FGRNQ[GF�D[�RQNKEG�HQTEGU�CPF�UOCTV-
RJQPG�OCPWHCEVWTGTU�CNKMG��

/CEJKPG�NGCTPKPI�prediction KU�WUGF�VQ�
RTQLGEV�HWVWTG�VTGPFU�CPF�DGJCXKQWTU�CE-
EQTFKPI�VQ�RCUV�QPGU��VJCV�KU�VQ�EQORNGVG�

C� RKGEG� QH� KPHQTOCVKQP� MPQYKPI� QPN[� C�
RQTVKQP�QH� KV�� +P� VJG�RTGFKEVKQP�OQFCNKV[��
C� UOCNN� UCORNG� QH� KPRWV�FCVC� 
C� RTKOGT��
KU�WUGF�VQ�RTGFKEV�VJG�OKUUKPI�RCTV�QH�VJG�
KPHQTOCVKQP� HQNNQYKPI� QPEG� CICKP� VJG�
UVCVKUVKECN�FKUVTKDWVKQP�QH�VJG�OQFGN�
VJKU�
EQWNF� DG� VJG� RCTV� QH� C� PWOGTKECN� ITCRJ�
QTKGPVGF� VQYCTF� VJG� HWVWTG� QT� VJG�OKUU-
KPI�RCTV�QH�CP� KOCIG�QT�CWFKQ�ƓNG��� +PEK-
FGPVCNN[�� QVJGT� OQFCNKVKGU� QH� OCEJKPG�
NGCTPKPI�GZKUV��VJG�UVCVKUVKECN�FKUVTKDWVKQP�
QH�C�OQFGN�ECP�DG�F[PCOKECNN[�XKUWCNKUGF�
VJTQWIJ�C� VGEJPKSWG�ECNNGF� NCVGPV�URCEG�
GZRNQTCVKQP� CPF�� KP� UQOG� TGEGPV� FGUKIP�
CRRNKECVKQPU��CNUQ�RCVVGTP�GZRNQTCVKQP�43

/CEJKPG� NGCTPKPI� ENCUUKƓECVKQP� CPF�
RTGFKEVKQP�CTG�DGEQOKPI�WDKSWKVQWU�VGEJ-
PKSWGU�VJCV�EQPUVKVWVG�PGY�HQTOU�QH�UWT-
XGKNNCPEG�CPF�IQXGTPCPEG��5QOG�CRRCTC-
VWUGU�� UWEJ�CU� UGNH�FTKXKPI�XGJKENGU� CPF�
KPFWUVTKCN�TQDQVU��ECP�DG�CP�KPVGITCVKQP�QH�
DQVJ�OQFCNKVKGU��#�UGNH�FTKXKPI�XGJKENG�KU�
VTCKPGF�VQ�TGEQIPKUG�FKHHGTGPV�QDLGEVU�QP�
VJG� TQCF� 
RGQRNG�� ECTU�� QDUVCENGU�� UKIPU��
CPF�RTGFKEV� HWVWTG�CEVKQPU�DCUGF�QP�FG-
EKUKQPU� VJCV� C� JWOCP� FTKXGT� JCU� VCMGP�
KP�UKOKNCT�EKTEWOUVCPEGU��'XGP�KH�TGEQI-
PKUKPI�CP�QDUVCENG�QP�C�TQCF�UGGOU�VQ�DG�
C�PGWVTCN�IGUVWTG� 
KVũU�PQV��� KFGPVKH[KPI�C�
JWOCP�DGKPI�CEEQTFKPI�VQ�ECVGIQTKGU�QH�
IGPFGT��TCEG�CPF�ENCUU�
CPF�KP�VJG�TGEGPV�
%18+&����RCPFGOKE�CU�UKEM�QT�KOOWPG���
CU�UVCVG�KPUVKVWVKQPU�CTG�KPETGCUKPIN[�FQ-
KPI�� KU� VJG�IGUVWTG�QH�C�PGY�FKUEKRNKPCT[�
TGIKOG��6JG�JWDTKU�QH�CWVQOCVGF�ENCUUKƓ-
ECVKQP�JCU�ECWUGF�VJG�TGXKXCN�QH�TGCEVKQP-

43  See the idea of assisted and generative creation in R. Pieters 
and S. Winiger, Creative AI: on the democratisation and escalation 
of creativity. Medium (March 7, 2016); https://www.medium.com/@
creativeai/creativeai-9d4b2346faf3, access: February 13, 2021.
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CT[� .QODTQUKCP� VGEJPKSWGU� VJCV� YGTG�
VJQWIJV� VQ�JCXG�DGGP� EQPUKIPGF� VQ�JKU-
VQT[��VGEJPKSWGU�UWEJ�CU�CWVQOCVKE�IGP-
FGT�TGEQIPKVKQP�
#)4���ŬC�UWDƓGNF�QH�HCEKCN�
TGEQIPKVKQP�VJCV�CKOU�VQ�CNIQTKVJOKECNN[�
KFGPVKH[� VJG� IGPFGT� QH� KPFKXKFWCNU� HTQO�
RJQVQITCRJU�QT�XKFGQU�ŭ44

4GEGPVN[�� VJG� IGPGTCVKXG� OQFCNKV[� QH�
OCEJKPG�NGCTPKPI�JCU�JCF�C�EWNVWTCN�KO-
RCEV�� KVU� WUG� KP� VJG� RTQFWEVKQP� QH� XKUWCN�
CTVGHCEVU�JCU�DGGP�TGEGKXGF�D[�OCUU�OG-
FKC�CU�VJG�KFGC�VJCV�CTVKƓEKCN�KPVGNNKIGPEG�
KU�ŨETGCVKXGũ�CPF�ECP�CWVQPQOQWUN[�OCMG�
CTV��#P�CTVYQTM�VJCV�KU�UCKF�VQ�DG�ETGCVGF�
D[�#+�CNYC[U�JKFGU�C�JWOCP�QRGTCVQT��YJQ�
JCU�CRRNKGF�VJG�IGPGTCVKXG�OQFCNKV[�QH�C�
PGWTCN�PGVYQTM�VTCKPGF�QP�C�URGEKƓE�FCVC-
UGV��+P�VJKU�OQFCNKV[��VJG�PGWTCN�PGVYQTM�KU�
TWP�DCEMYCTFU�
OQXKPI�HTQO�VJG�UOCNNGT�
QWVRWV� NC[GT� VQYCTF�VJG� NCTIGT� KPRWV� NC[-
GT�� VQ� IGPGTCVG�PGY�RCVVGTPU� CHVGT� DGKPI�
VTCKPGF�CV�ENCUUKH[KPI�VJGO��C�RTQEGUU�VJCV�
WUWCNN[�OQXGU�HTQO�VJG�NCTIGT�KPRWV�NC[GT�
VQ� VJG� UOCNNGT� QWVRWV� NC[GT�� 6JG� IGPGTC-

44  O. Keyes, The misgendering machines: trans/HCI implications 
of automatic gender recognition, in: 4VSGIIHMRKW�SJ�XLI�%'1�SR�
human-computer interaction, vol. 2 (2018), n CSCW, article 88; 
https:// doi.org/10.1145/3274357.

VKXG�OQFCNKV[�� JQYGXGT�� JCU� UQOG�WUGHWN�
CRRNKECVKQPU��KV�ECP�DG�WUGF�CU�C�UQTV�QH�TG-
CNKV[�EJGEM�VQ�TGXGCN�YJCV�VJG�OQFGN�JCU�
NGCTPV�� K�G�� VQ� UJQY� JQY� VJG�OQFGN� ŨUGGU�
VJG�YQTNF�ũ�+V�ECP�DG�CRRNKGF�VQ�VJG�OQFGN�
QH�C�UGNH�FTKXKPI�ECT��HQT�KPUVCPEG��VQ�EJGEM�
JQY�VJG�TQCF�UEGPCTKQ�KU�RTQLGEVGF��

#�HCOQWU�YC[�VQ�KNNWUVTCVG�JQY�C�UVC-
VKUVKECN�OQFGN� ŨUGGU� VJG�YQTNFũ� KU�)QQING�
&GGR&TGCO�� &GGR&TGCO� KU� C� EQPXQNW-
VKQPCN� PGWTCN� PGVYQTM� DCUGF� QP� +PEGR-
VKQP� 
YJKEJ� KU� VTCKPGF� QP� VJG� +OCIG0GV�
FCVCUGV�OGPVKQPGF�CDQXG�� VJCV�YCU�RTQ-
ITCOOGF� D[� #NGZCPFGT�/QTFXKPVUGX� VQ�
RTQLGEV�JCNNWEKPCVQT[�RCVVGTPU��/QTFXKPV-
UGX�JCF�VJG�KFGC�VQ�ŨVWTP�VJG�PGVYQTM�WR-
UKFG�FQYPũ��VJCV�KU�VQ�VWTP�C�ENCUUKƓGT�KPVQ�
C�IGPGTCVQT��WUKPI�UQOG�TCPFQO�PQKUG�QT�
IGPGTKE� NCPFUECRG� KOCIGU� CU� KPRWV�� *G�
FKUEQXGTGF� VJCV� ŬPGWTCN� PGVYQTMU� VJCV�
YGTG� VTCKPGF� VQ� FKUETKOKPCVG� DGVYGGP�
FKHHGTGPV�MKPFU�QH�KOCIGU�JCXG�SWKVG�C�DKV�
of the information needed to generate 
KOCIGU�VQQ�ŭ45�+P�&GGR&TGCO�ƓTUV�GZRGTK-

45  A. Mordvintsev, C. Olah and M. Tyka, Inceptionism: going 
deeper into neural networks. Google AI Blog (2015); https://ai.
googleblog.com/2015/06/incep tionism-going-deeper-into-neural.
html, access: June 17, 2015.

Fig 10.
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OGPVU��DKTF�HGCVJGTU�CPF�FQI�G[GU�UVCTVGF�
VQ�GOGTIG�GXGT[YJGTG�CU�FQI�DTGGFU�CPF�
DKTF� URGEKGU� CTG� XCUVN[� QXGTTGRTGUGPVGF�
KP�+OCIG0GV��+V�YCU�CNUQ�FKUEQXGTGF�VJCV�
VJG�ECVGIQT[�ŨFWODDGNNũ�YCU�NGCTPV�YKVJ�C�
UWTTGCN�JWOCP�CTO�CNYC[U�CVVCEJGF�VQ�KV��
2TQQH�VJCV�OCP[�QVJGT�ECVGIQTKGU�QH�+OC-
IG0GV�CTG�OKUTGRTGUGPVGF��

6JG� VYQ� OCKP� OQFCNKVKGU� QH� ENCUUKƓ-
ECVKQP�CPF�IGPGTCVKQP�ECP�DG�CUUGODNGF�
KP� HWTVJGT� CTEJKVGEVWTGU� UWEJ� CU� KP� VJG�
)GPGTCVKXG�#FXGTUCTKCN�0GVYQTMU��+P�VJG�
)#0�CTEJKVGEVWTG��C�PGWTCN�PGVYQTM�YKVJ�
VJG� TQNG� QH� FKUETKOKPCVQT� 
C� VTCFKVKQPCN�
ENCUUKƓGT��JCU�VQ�TGEQIPKUG�CP�KOCIG�RTQ-
FWEGF�D[�C�PGWTCN�PGVYQTM�YKVJ�VJG�TQNG�
of generator��KP�C�TGKPHQTEGOGPV�NQQR�VJCV�
VTCKPU� VJG� VYQ� UVCVKUVKECN�OQFGNU� UKOWN-
VCPGQWUN[��(QT�UQOG�EQPXGTIKPI�RTQRGT-
VKGU�QH�VJGKT�TGURGEVKXG�UVCVKUVKECN�OQFGNU��
)#0U�JCXG�RTQXGF�XGT[�IQQF�CV�IGPGTCV-
KPI�JKIJN[�TGCNKUVKE�RKEVWTGU��6JKU�CDKNKV[�
JCU�RTQORVGF�VJGKT�CDWUG�KP�VJG�HCDTKEC-
VKQP�QH�ŨFGGR�HCMGUũ�46�%QPEGTPKPI�TGIKOGU�

46  Deep fakes are synthetic media like videos in which a person’s 
face is replaced with someone else’s facial features, often for the 

QH�VTWVJ��C�UKOKNCT�EQPVTQXGTUKCN�CRRNKEC-
VKQP�KU�VJG�WUG�QH�)#0U�VQ�IGPGTCVG�U[P-
VJGVKE�FCVC�KP�ECPEGT�TGUGCTEJ��KP�YJKEJ�
PGWTCN� PGVYQTMU� VTCKPGF� QP�WPDCNCPEGF�
FCVCUGVU� QH� ECPEGT� VKUUWGU� JCXG� UVCTVGF�
VQ� JCNNWEKPCVG� ECPEGT� YJGTG� VJGTG� YCU�
PQPG�47�+P�VJKU�ECUG�ŬKPUVGCF�QH�FKUEQXGT-
KPI�VJKPIU��YG�CTG�KPXGPVKPI�VJKPIU�ŭ�(C-
DKCP�1HHGTV�PQVKEGU��ŬVJG�URCEG�QH�FKUEQX-
GT[�KU�KFGPVKECN�VQ�VJG�URCEG�QH�MPQYNGFIG�
VJCV� VJG�)#0�JCU� CNTGCF[�JCF�=���?�9JKNG�
YG�VJKPM�VJCV�YG�CTG�UGGKPI�VJTQWIJ�)#0�
ť�NQQMKPI�CV�UQOGVJKPI�YKVJ�VJG�JGNR�QH�C�
)#0�ť�YG�CTG�CEVWCNN[�UGGKPI�into C�)#0��
)#0� XKUKQP� KU� PQV� CWIOGPVGF� TGCNKV[�� KV�
KU�XKTVWCN�TGCNKV[��)#0U�FQ�DNWT�FKUEQXGT[�
CPF� KPXGPVKQP�ŭ48� 6JG� )#0� UKOWNCVKQP�
QH� DTCKP� ECPEGT� KU� C� VTCIKE� GZCORNG� QH�
#+�FTKXGP�UEKGPVKƓE�JCNNWEKPCVKQP��

purpose to forge fake news.

47  J.P. Cohen, S. Honari and L. Margaux, Distribution matching 
losses can hallucinate features in medical image translation, in: 
International conference on medical image computing and comput-
er-assisted intervention (Berlin 2018); arXiv:1805.08841.

48  F. Offert, Neural network cultures panel, transmediale festival 
and KIM HfG Karlsruhe (2020); https://kim.hfg-karlsruhe.de/
events/ neural-network-cultures, access: February 1, 2020.
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Fig. 11: Joseph Paul Cohen, Margaux Luck and Sina Honari, “Distribution Matching Losses Can Hallucinate Features in Medical Image Trans-
lation,” 2018. Courtesy of the authors. 
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Faults of a  
statistical  
instrument:  
the undetection 
of the new 
6JG�PQTOCVKXG�RQYGT�QH�#+�KP�VJG�VYGPV[�
ƓTUV�EGPVWT[�JCU�VQ�DG�UETWVKPKUGF�KP�VJG-
UG�GRKUVGOKE�VGTOU��YJCV�FQGU�KV�OGCP�VQ�
HTCOG�EQNNGEVKXG�MPQYNGFIG�CU�RCVVGTPU��
CPF� YJCV� FQGU� KV� OGCP� VQ� FTCY� XGEVQT�
URCEGU�CPF�UVCVKUVKECN�FKUVTKDWVKQPU�QH�UQ-
EKCN� DGJCXKQWTU!� #EEQTFKPI� VQ� (QWECWNV��
KP�GCTN[�OQFGTP�(TCPEG��UVCVKUVKECN�RQY-
GT� YCU� CNTGCF[� WUGF� VQ� OGCUWTG� UQEKCN�
PQTOU�� FKUETKOKPCVKPI� DGVYGGP� PQTOCN�
CPF� CDPQTOCN� DGJCXKQWT�49� #+� GCUKN[� GZ-
VGPFU�VJG�ŨRQYGT�QH�PQTOCNKUCVKQPũ�QH�OQ-
FGTP�KPUVKVWVKQPU��COQPI�QVJGTU�DWTGCW-
ETCE[��OGFKEKPG�CPF�UVCVKUVKEU�
QTKIKPCNN[��
VJG� PWOGTKECN� MPQYNGFIG� RQUUGUUGF� D[�
VJG�UVCVG�CDQWV� KVU�RQRWNCVKQP�� VJCV�RCU-
UGU�PQY� KPVQ� VJG�JCPFU�QH�#+� EQTRQTCVK-
QPU��6JG�KPUVKVWVKQPCN�PQTO�JCU�DGEQOG�
C� EQORWVCVKQPCN� QPG�� VJG� ENCUUKƓECVKQP�
QH�VJG�UWDLGEV��QH�DQFKGU�CPF�DGJCXKQWTU��
UGGOU�PQ�NQPIGT�VQ�DG�CP�CHHCKT�HQT�RWDNKE�
TGIKUVGTU��DWV�KPUVGCF�HQT�CNIQTKVJOU�CPF�
FCVCEGPVTGU��� Ŭ&CVC�EGPVTKE� TCVKQPCNKV[�ŭ�
2CWNC� &WCTVG� JCU� EQPENWFGF�� ŬUJQWNF� DG�

49  M. Foucault, Abnormal: Lectures at the Collège de France 
����Ɓ���� (New York 2004), p. 26.

50  On computational norms see: M. Pasquinelli, Arcana mathe-
matica imperii: the evolution of western computational norms, in: 
Former west, ed. M. Hlavajova et al. (Cambridge, MA 2017)

WPFGTUVQQF�CU�CP�GZRTGUUKQP�QH�VJG�EQNQ-
PKCNKV[�QH�RQYGT�ŭ��

#� ICR�� C� HTKEVKQP�� C� EQPƔKEV�� JQYGXGT��
CNYC[U� RGTUKUVU� DGVYGGP� #+� UVCVKUVKECN�
OQFGNU� CPF� VJG� JWOCP� UWDLGEV� VJCV� KU�
UWRRQUGF�VQ�DG�OGCUWTGF�CPF�EQPVTQNNGF��
6JKU� NQIKECN� ICR� DGVYGGP� #+� UVCVKUVKECN�
OQFGNU� CPF� UQEKGV[� KU� WUWCNN[� FGDCVGF�
CU�DKCU�� +V�JCU�DGGP�GZVGPUKXGN[�FGOQP-
UVTCVGF� JQY� HCEG� TGEQIPKVKQP�OKUTGRTG-
UGPVU� UQEKCN� OKPQTKVKGU� CPF� JQY� DNCEM�
PGKIJDQWTJQQFU�� HQT� KPUVCPEG�� CTG� D[-
RCUUGF�D[�#+�FTKXGP� NQIKUVKEU�CPF�FGNKX-
GT[� UGTXKEG�52� +H� IGPFGT�� TCEG� CPF� ENCUU�
FKUETKOKPCVKQPU�CTG�CORNKƓGF�D[�#+�CNIQ-
TKVJOU��VJKU�KU�CNUQ�RCTV�QH�C�NCTIGT�RTQD-
NGO�QH�FKUETKOKPCVKQP�CPF�PQTOCNKUCVKQP�
CV� VJG� NQIKECN� EQTG�QH�OCEJKPG� NGCTPKPI��
6JG�NQIKECN�CPF�RQNKVKECN�NKOKVCVKQP�QH�#+�
KU� VJG� VGEJPQNQI[ũU� FKHƓEWNV[� KP� VJG rec-
QIPKVKQP�CPF�RTGFKEVKQP�QH�C�PGY�GXGPV� 
*QY�KU�OCEJKPG�NGCTPKPI�FGCNKPI�YKVJ�C�
VTWN[�WPKSWG�CPQOCN[��CP�WPEQOOQP�UQ-
EKCN�DGJCXKQWT��CP� KPPQXCVKXG�CEV�QH�FKU-
TWRVKQP!�6JG�VYQ�OQFCNKVKGU�QH�OCEJKPG�
NGCTPKPI�FKURNC[�C� NKOKVCVKQP� VJCV� KU�PQV�
UKORN[�DKCU�

#� NQIKECN� NKOKV� QH� OCEJKPG� NGCTPKPI�
ENCUUKƓECVKQP�� QT� RCVVGTP� TGEQIPKVKQP�� KU�
VJG�KPCDKNKV[�VQ�TGEQIPKUG�C�WPKSWG�CPQO-
CN[� VJCV� CRRGCTU� HQT� VJG� ƓTUV� VKOG�� UWEJ�
CU�C�PGY�OGVCRJQT�KP�RQGVT[��C�PGY�LQMG�
KP� GXGT[FC[� EQPXGTUCVKQP�� QT� CP� WPWUW-
CN�QDUVCENG�
C�RGFGUVTKCP!�C�RNCUVKE�DCI!��

51  P. Ricaurte, Data epistemologies, the coloniality of power, and 
resistance. Television & New Media (March 7, 2019).

52  D. Ingold and S. Soper, Amazon doesn’t consider the race of 
its customers. Should it? Bloomberg (April 21, 2016); https://www.
bloomberg.com/graphics/2016-amazon-same-day, access: April 
21, 2016.
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QP�VJG�TQCF�UEGPCTKQ��6JG�WPFGVGEVKQP�QH�
VJG�PGY�
UQOGVJKPI�VJCV�JCU�PGXGT�ŨDGGP�
UGGPũ� D[� C� OQFGN� CPF� VJGTGHQTG� PGXGT�
ENCUUKƓGF� DGHQTG� KP� C� MPQYP� ECVGIQT[��
KU� C� RCTVKEWNCTN[� JC\CTFQWU� RTQDNGO� HQT�
UGNH�FTKXKPI�ECTU�CPF�QPG�VJCV�JCU�CNTGCF[�
ECWUGF� HCVCNKVKGU��/CEJKPG� NGCTPKPI�RTG-
FKEVKQP��QT�RCVVGTP�IGPGTCVKQP��UJQY�UKO-
KNCT�HCWNVU�KP�VJG�IWGUUKPI�QH�HWVWTG�VTGPFU�
CPF�DGJCXKQWTU��#U�C�VGEJPKSWG�QH�KPHQT-
OCVKQP� EQORTGUUKQP�� OCEJKPG� NGCTPKPI�
CWVQOCVGU� VJG� FKEVCVQTUJKR� QH� VJG� RCUV��
QH�RCUV�VCZQPQOKGU�CPF�DGJCXKQWTCN�RCV-
VGTPU��QXGT�VJG�RTGUGPV��6JKU�RTQDNGO�ECP�
DG� VGTOGF�VJG�TGIGPGTCVKQP�QH� VJG�QNF�ť�
VJG�CRRNKECVKQP�QH�C�JQOQIGPQWU�URCEGť
VKOG�XKGY�VJCV�TGUVTCKPU�VJG�RQUUKDKNKV[�QH�
C�PGY�JKUVQTKECN�GXGPV��

+PVGTGUVKPIN[��KP�OCEJKPG�NGCTPKPI��VJG�
NQIKECN�FGƓPKVKQP�QH�C�UGEWTKV[�KUUWG�CNUQ�
FGUETKDGU�VJG�NQIKECN�NKOKV�QH�KVU�ETGCVKXG�
RQVGPVKCN�� 6JG� RTQDNGOU� EJCTCEVGTKUVKE�
of the RTGFKEVKQP�QH�VJG�PGY�CTG� NQIKECN-
N[� TGNCVGF� VQ� VJQUG� VJCV�EJCTCEVGTKUG� VJG�
IGPGTCVKQP�QH�VJG�PGY��DGECWUG�VJG�YC[�
C�OCEJKPG�NGCTPKPI�CNIQTKVJO�RTGFKEVU�C�
VTGPF�QP�C�VKOG�EJCTV� KU� KFGPVKECN� VQ�VJG�
YC[� KV� IGPGTCVGU� C� PGY� CTVYQTM� HTQO�
NGCTPV� RCVVGTPU�� 6JG� JCEMPG[GF� SWGU-
VKQP�Ũ%CP�#+�DG�ETGCVKXG!ũ�UJQWNF�DG�TGHQT-
OWNCVGF� KP� VGEJPKECN� VGTOU�� KU�OCEJKPG�
NGCTPKPI�CDNG�VQ�ETGCVG�YQTMU�VJCV�CTG�PQV�
KOKVCVKQPU�QH�VJG�RCUV!�+U�OCEJKPG�NGCTP-
KPI�CDNG�VQ�GZVTCRQNCVG�DG[QPF�VJG�UV[NKU-
VKE� DQWPFCTKGU� QH� KVU� VTCKPKPI� FCVC!� 6JG�
ŨETGCVKXKV[ũ�QH�OCEJKPG�NGCTPKPI�KU�NKOKVGF�
VQ�VJG�FGVGEVKQP�QH�UV[NGU�HTQO�VJG�VTCKP-
KPI�FCVC�CPF�VJGP�TCPFQO�KORTQXKUCVKQP�
YKVJKP�VJGUG�UV[NGU�� +P�QVJGT�YQTFU��OC-
EJKPG� NGCTPKPI� ECP� GZRNQTG� CPF� KORTQ-

XKUG� QPN[� YKVJKP� VJG� NQIKECN� DQWPFCTKGU�
VJCV�CTG�UGV�D[� VJG� VTCKPKPI�FCVC��(QT�CNN�
VJGUG� KUUWGU��CPF� KVU�FGITGG�QH� KPHQTOC-
VKQP� EQORTGUUKQP�� KV�YQWNF� DG�OQTG� CE-
EWTCVG� VQ� VGTO�OCEJKPG� NGCTPKPI� CTV� CU�
UVCVKUVKECN�CTV��

#PQVJGT�WPURQMGP�DWI�QH�OCEJKPG�NGCT-
PKPI�KU�VJCV�VJG�UVCVKUVKECN�EQTTGNCVKQP�DGV-
YGGP�VYQ�RJGPQOGPC�KU�QHVGP�CFQRVGF�VQ�
GZRNCKP�ECWUCVKQP�HTQO�QPG�VQ�VJG�QVJGT��
+P�UVCVKUVKEU�� KV� KU�EQOOQPN[�WPFGTUVQQF�
that�EQTTGNCVKQP�FQGU�PQV� KORN[�ECWUCVK-
on��OGCPKPI�VJCV�C�UVCVKUVKECN�EQKPEKFGP-
EG�CNQPG�KU�PQV�UWHƓEKGPV�VQ�FGOQPUVTCVG�
ECWUCVKQP��#�VTCIKE�GZCORNG�ECP�DG�HQWPF�
KP�VJG�YQTM�QH�UVCVKUVKEKCP�(TGFGTKEM�*QHH-
OCP��YJQ� KP� �����RWDNKUJGF�C� ����RCIG�
TGRQTV� HQT� KPUWTCPEG� EQORCPKGU� VQ� FG-
OQPUVTCVG� C� TCEKCN� EQTTGNCVKQP� DGVYGGP�
DGKPI�C�DNCEM�#OGTKECP�CPF�JCXKPI�UJQTV�
NKHG� GZRGEVCPE[�53� 5WRGTƓEKCNN[� OKPKPI�
FCVC�� OCEJKPG� NGCTPKPI� ECP� EQPUVTWEV�
CP[�CTDKVTCT[�EQTTGNCVKQP�VJCV�KU�VJGP�RGT-

53  C. O’Neil, Weapons of math destruction (New York 2016).
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Fig 12: Lewis Fry Richardson, Weather Prediction by Numerical 
Process (London: Cambridge University Press, 1922).
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EGKXGF�CU�TGCN��+P�������VJKU�NQIKECN�HCNNCE[�
YCU�RTQWFN[�GODTCEGF�D[�9KTGF�FKTGEVQT�
%JTKU�#PFGTUQP�YJQ�FGENCTGF�VJG�ŬGPF�QH�
VJGQT[�ŭ�DGECWUG�ŬVJG�FCVC�FGNWIG�OCMGU�
VJG�UEKGPVKƓE�OGVJQF�QDUQNGVG�ŭ54 Accor-
FKPI� VQ�#PFGTUQP��JKOUGNH�PQ�GZRGTV� QP�
UEKGPVKƓE�OGVJQF� CPF� NQIKECN� KPHGTGPEG��
UVCVKUVKECN�EQTTGNCVKQP�KU�GPQWIJ�HQT�)QQ-
ING� VQ� TWP� KVU� CFU� DWUKPGUU�� VJGTGHQTG�� KV�
OWUV� CNUQ� DG� IQQF� GPQWIJ� VQ� CWVQOCVK-
ECNN[�FKUEQXGT�UEKGPVKƓE�RCTCFKIOU��'XGP�
,WFGC� 2GCTN�� C� RKQPGGT� QH� $C[GUKCP�PGV-
YQTMU�� DGNKGXGU� VJCV� OCEJKPG� NGCTPKPI�
KU�QDUGUUGF�YKVJ�ŨEWTXG�ƓVVKPIũ��TGEQTFKPI�
EQTTGNCVKQPU�YKVJQWV�RTQXKFKPI� GZRNCPC-
VKQPU�55�5WEJ�C�NQIKECN�HCNNCE[�JCU�CNTGCF[�
DGEQOG�C�RQNKVKECN�QPG�� KH�QPG�EQPUKFGTU�
VJCV�RQNKEG�HQTEGU�YQTNFYKFG�JCXG�CFQR-
VGF�RTGFKEVKXG�RQNKEKPI�CNIQTKVJOU�56 Ac-
EQTFKPI�VQ�&CP�/E3WKNNCP��YJGP�OCEJK-
PG� NGCTPKPI� KU� CRRNKGF� VQ� UQEKGV[� KP� VJKU�
YC[��KV�VWTPU�KPVQ�C�DKQRQNKVKECN�CRRCTCVWU�
of preemption�� VJCV�RTQFWEGU�UWDLGEVKXK-
VKGU� YJKEJ� ECP� UWDUGSWGPVN[� DG� ETKOK-
PCNK\GF�57� 7NVKOCVGN[�� OCEJKPG� NGCTPKPI�

54  C. Anderson, The end of theory: the data deluge makes the 
WGMIRXMƼG�QIXLSH�SFWSPIXI��;MVIH��.YRI�����������*SV�E�GVMXMUYI�
see F. Mazzocchi, Could Big Data be the end of theory in science? 
A few remarks on the epistemology of data-driven science. EMBO 
Rep 16/10 (2015), pp. 1250–1255.

55  D. Mackenzie and P. Judea, The book of why: the new science 
of cause and effect (New York 2018).

56  Experiments by the New York Police Department since the 
late 1980s. See M. Pasquinelli, Arcana mathematica imperii: the 
evolution of western computational norms, in: Former west, ed. M. 
Hlavajova et al. (Cambridge, MA 2017).

57  D. McQuillan, Manifesto on algorithmic humanitarianism. 
Presented at the symposium reimagining digital humanitarianism, 
Goldsmiths, University of London (February 1, 2018); D. McQuillan, 
People’s councils for ethical machine learning. Soc Media Soc 4/2 
(2018), p. 3.

QDUGUUGF� YKVJ� ŨEWTXG� ƓVVKPIũ� KORQUGU� C�
UVCVKUVKECN�EWNVWTG�CPF�TGRNCEGU�VJG�VTCFK-
VKQPCN�GRKUVGOG�QH�ECWUCVKQP�
CPF�RQNKVK-
ECN�CEEQWPVCDKNKV[��YKVJ�QPG�QH�EQTTGNCVK-
QPU�DNKPFN[�FTKXGP�D[�VJG�CWVQOCVKQP�QH�
FGEKUKQP�OCMKPI��

Adversarial  
intelligence  
ZW��EVXMƼGMEP� 
intelligence 
5Q� HCT�� VJG� UVCVKUVKECN� FKHHTCEVKQPU� CPF�
JCNNWEKPCVKQPU�QH�OCEJKPG�NGCTPKPI�JCXG�
DGGP� HQNNQYGF� UVGR� D[� UVGR� VJTQWIJ� VJG�
OWNVKRNG�NGPUGU�QH�VJG�0QQUEQRG��#V�VJKU�
RQKPV�� VJG� QTKGPVCVKQP�QH� VJG� KPUVTWOGPV�
JCU� VQ� DG� TGXGTUGF�� UEKGPVKƓE� VJGQTKGU�
CU� OWEJ� CU� EQORWVCVKQPCN� FGXKEGU� CTG�
KPENKPGF� VQ� EQPUQNKFCVG� CP� CDUVTCEV� RGT-
URGEVKXG�ť�VJG�UEKGPVKƓE�ŨXKGY�HTQO�PQY-
JGTGũ��VJCV�KU�QHVGP�LWUV�VJG�RQKPV�QH�XKGY�
QH�RQYGT��6JG�QDUGUUKXG�UVWF[�QH�#+�ECP�
UWEM�VJG�UEJQNCT�KPVQ�CP�CD[UU�QH�EQORW-
VCVKQP�CPF�VJG�KNNWUKQP�VJCV�VJG�VGEJPKECN�
HQTO�KNNWOKPCVGU�VJG�UQEKCN�QPG��#U�2CQNC�
4KECWTVG�TGOCTMU��Ŭ&CVC�GZVTCEVKXKUO�CU-
UWOGU�VJCV�GXGT[VJKPI�KU�C�FCVC�UQWTEG�ŭ58 
*QY�VQ�GOCPEKRCVG�QWTUGNXGU�HTQO�C�FC-
VC�EGPVTKE�XKGY�QH�VJG�YQTNF!�+V�KU�VKOG�VQ�
TGCNKUG�VJCV�KV�KU�PQV�VJG�UVCVKUVKECN�OQFGN�
VJCV�EQPUVTWEVU�VJG�UWDLGEV��DWV�TCVJGT�VJG�
UWDLGEV�VJCV�UVTWEVWTGU�VJG�UVCVKUVKECN�OQ-

58  P. Ricaurte, Data epistemologies, the coloniality of power, and 
resistance. Television & New Media (March 7, 2019).
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FGN��+PVGTPCNKUV�CPF�GZVGTPCNKUV�UVWFKGU�QH�
#+� JCXG� VQ� DNWT�� UWDLGEVKXKVKGU�OCMG� VJG�
OCVJGOCVKEU�QH�EQPVTQN�HTQO�YKVJKP��PQV�
HTQO� YKVJQWV�� 6Q� UGEQPF� YJCV� )WCVVCTK�
QPEG� UCKF� QH� OCEJKPGU� KP� IGPGTCN�� OC-
EJKPG� KPVGNNKIGPEG� VQQ� KU� EQPUVKVWVGF� QH�
ŬJ[RGT�FGXGNQRGF� CPF� J[RGT�EQPEGPVTC-
VGF� HQTOU� QH� EGTVCKP� CURGEVU� QH� JWOCP�
UWDLGEVKXKV[�ŭ59

4CVJGT� VJCP� UVWF[KPI� QPN[� JQY� VGEJ-
PQNQI[� YQTMU�� ETKVKECN� KPSWKT[� UVWFKGU�
CNUQ� JQY� KV� DTGCMU�� JQY� UWDLGEVU� TGDGN�
CICKPUV�KVU�PQTOCVKXG�EQPVTQN�CPF�YQTM-
GTU� UCDQVCIG� KVU� IGCTU�� +P� VJKU� UGPUG�� C�
YC[�VQ�UQWPF�VJG�NKOKVU�QH�#+�KU�VQ�NQQM�CV�
JCEMKPI�RTCEVKEGU��*CEMKPI�KU�CP�KORQT-
VCPV�OGVJQF�QH�MPQYNGFIG�RTQFWEVKQP��C�
ETWEKCN�GRKUVGOKE�RTQDG�KPVQ�VJG�QDUEWTK-
V[�QH�#+��� &GGR�NGCTPKPI�U[UVGOU�HQT�HCEG�
TGEQIPKVKQP�JCXG�VTKIIGTGF�� HQT� KPUVCPEG��
HQTOU� QH� EQWPVGT�UWTXGKNNCPEG� CEVKXKUO��
6JTQWIJ�VGEJPKSWGU�QH�HCEG�QDHWUECVKQP��
JWOCPU� JCXG� FGEKFGF� VQ� DGEQOG� WPKP-
VGNNKIKDNG�VQ�CTVKƓEKCN� KPVGNNKIGPEG�� VJCV� KU�
VQ�DGEQOG��VJGOUGNXGU��DNCEM�DQZGU��6JG�
VTCFKVKQPCN� VGEJPKSWGU� QH� QDHWUECVKQP�
CICKPUV� UWTXGKNNCPEG� KOOGFKCVGN[� CE-
SWKTG� C�OCVJGOCVKECN� FKOGPUKQP� KP� VJG�
CIG� QH� OCEJKPG� NGCTPKPI�� (QT� GZCORNG��
#+� CTVKUV� CPF� TGUGCTEJGT� #FCO� *CTXG[�
JCU�KPXGPVGF�C�ECOQWƔCIG�VGZVKNG�ECNNGF�
*[RGT(CEG� VJCV� HQQNU� EQORWVGT� XKUKQP�
CNIQTKVJOU� VQ� UGG� OWNVKRNG� JWOCP� HCE-
GU�YJGTG� VJGTG� KU�PQPG����*CTXG[ũU�YQTM�

59  F. Guattari, Schizoanalytic cartographies (London 2013), p. 2.

60  The relationship between AI and hacking is not as antagonistic 
as it may appear: it often resolves in a loop of mutual learning, 
evaluation and reinforcement. 

61  A. Harvey, HyperFace project (2016); https://ahprojects.com/

RTQXQMGU� VJG�SWGUVKQP��YJCV�EQPUVKVWVGU�
C�HCEG�HQT�C�JWOCP�G[G��QP�VJG�QPG�JCPF��
CPF�C�EQORWVGT�XKUKQP�CNIQTKVJO��QP�VJG�
QVJGT!�6JG�PGWTCN�INKVEJGU�QH�*[RGT(CEG�
GZRNQKV� UWEJ� C� EQIPKVKXG� ICR� CPF� TGXGCN�
YJCV� C� JWOCP� HCEG� NQQMU� NKMG� VQ� C�OC-
EJKPG��6JKU�ICR�DGVYGGP�JWOCP�CPF�OC-
EJKPG�RGTEGRVKQP�JGNRU� VQ� KPVTQFWEG� VJG�
ITQYKPI�ƓGNF�QH�CFXGTUCTKCN�CVVCEMU��

#FXGTUCTKCN� CVVCEMU� GZRNQKV� DNKPF� URQVU�
CPF�YGCM�TGIKQPU�KP�VJG�UVCVKUVKECN�OQFGN�
QH�C�PGWTCN�PGVYQTM��WUWCNN[�VQ�HQQN�C�ENCU-
UKƓGT� CPF� OCMG� KV� RGTEGKXG� UQOGVJKPI�
VJCV�KU�PQV�VJGTG��+P�QDLGEV�TGEQIPKVKQP��CP�
CFXGTUCTKCN� GZCORNG� ECP� DG� C� FQEVQTGF�
KOCIG�QH�C�VWTVNG��YJKEJ�NQQMU�KPPQEWQWU�
VQ�C�JWOCP�G[G�DWV�IGVU�OKUENCUUKƓGF�D[�
C�PGWTCN�PGVYQTM�CU�C�TKƔG�62�#FXGTUCTKCN�

hyperface, access: April 30, 2020.

62  A. Athalye et al., Synthesizing robust adversarial Examples 
(2017). arXiv preprint; https://arxiv.org/abs/1707.07397, access: 
April 30, 2020.
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Fig. 13: Adam Harvey, HyperFace pattern, 2016. 



INTERFACE CRITIQUE JOURNAL – VOL. 3 – 2021

63

GZCORNGU� ECP� DG� TGCNKUGF� CU� �&� QDLGEVU�
CPF�GXGP�UVKEMGTU�HQT�TQCF�UKIPU�VJCV�ECP�
OKUIWKFG� UGNH�FTKXKPI� ECTU� 
YJKEJ� OC[�
TGCF�C�URGGF� NKOKV�QH� ����MO�J�YJGTG� KV�
KU�CEVWCNN[����MO�J��63�#FXGTUCTKCN�GZCO-
RNGU� CTG� FGUKIPGF� MPQYKPI�YJCV� C�OC-
EJKPG�JCU�PGXGT�UGGP�DGHQTG��6JKU�GHHGEV�
KU�CEJKGXGF�CNUQ�D[� TGXGTUG�GPIKPGGTKPI�
VJG�UVCVKUVKECN�OQFGN�QT�D[�RQNNWVKPI� VJG�
VTCKPKPI�FCVCUGV��+P�VJKU�NCVVGT�UGPUG��VJG�
VGEJPKSWG� QH� FCVC� RQKUQPKPI� VCTIGVU� VJG�
VTCKPKPI�FCVCUGV�CPF�KPVTQFWEGU�FQEVQTGF�
FCVC��+P�FQKPI�UQ��KV�CNVGTU�VJG�CEEWTCE[�QH�
VJG�UVCVKUVKECN�OQFGN�CPF�ETGCVGU�C�DCEM-
FQQT�VJCV�ECP�DG�GXGPVWCNN[�GZRNQKVGF�D[�
CP�CFXGTUCTKCN�CVVCEM�64

#FXGTUCTKCN�CVVCEM�UGGOU�VQ�RQKPV�VQ�C�
OCVJGOCVKECN�XWNPGTCDKNKV[�VJCV�KU�EQO-
OQP�VQ�CNN�OCEJKPG�NGCTPKPI�OQFGNU��Ŭ#P�
KPVTKIWKPI� CURGEV� QH� CFXGTUCTKCN� GZCO-
RNGU� KU� VJCV� CP� GZCORNG� IGPGTCVGF� HQT�
QPG�OQFGN�KU�QHVGP�OKUENCUUKƓGF�D[�QVJGT�
OQFGNU�� GXGP�YJGP� VJG[� JCXG� FKHHGTGPV�
CTEJKVGEVWTGU�QT�YGTG�VTCKPGF�QP�FKULQKPV�
VTCKPKPI� UGVU�65� #FXGTUCTKCN� CVVCEMU� TG-
OKPF�WU�QH�VJG�FKUETGRCPE[�DGVYGGP�JW-
man and machine perception and that 
VJG� NQIKECN� NKOKV� QH�OCEJKPG� NGCTPKPI� KU�
CNUQ�C�RQNKVKECN�QPG��6JG� NQIKECN�CPF�QP-
VQNQIKECN� DQWPFCT[� QH�OCEJKPG� NGCTPKPI�
KU�VJG�WPTWN[�UWDLGEV�QT�CPQOCNQWU�GXGPV�
VJCV� GUECRGU� ENCUUKƓECVKQP� CPF� EQPVTQN��

63� �2��1SVKYPMW�IX�EP���*SSPMRK�E�VIEP�GEV�[MXL�EHZIVWEVMEP�XVEƾG�
signs (2019). arXiv preprint; https://arxiv.org/abs/1907.00374, 
access: April 30, 2020.

64  Data poisoning can also be employed to protect privacy by 
entering anonymised or random information into the dataset.

65  I. Goodfellow, J. Shlens and C. Szegedy, Explaining and har-
nessing adversarial examples (2014). arXiv preprint; https://arxiv.
org/abs/1412.6572, access: April 30, 2020.

6JG� UWDLGEV� QH� CNIQTKVJOKE� EQPVTQN� ƓTGU�
DCEM�� #FXGTUCTKCN� CVVCEMU� CTG� C� YC[� VQ�
UCDQVCIG� VJG� CUUGODN[� NKPG� QH�OCEJKPG�
NGCTPKPI�D[� KPXGPVKPI�C� XKTVWCN� QDUVCENG�
VJCV�ECP�UGV�VJG�EQPVTQN�CRRCTCVWU�QWV�QH�
LQKPV��#P�CFXGTUCTKCN�GZCORNG�KU�VJG�UCDQV�
KP�VJG�CIG�QH�#+��

Labour in the 
age of AI 
6JG�PCVWTGU�QH�VJG� ŨKPRWVũ�CPF� ŨQWVRWVũ�QH�
OCEJKPG�NGCTPKPI�JCXG�VQ�DG�ENCTKƓGF��#+�
VTQWDNGU�CTG�PQV�QPN[�CDQWV� KPHQTOCVKQP�
DKCU�DWV�CNUQ�NCDQWT��#+�KU�PQV�LWUV�C�EQPVTQN�
CRRCTCVWU��DWV�CNUQ�C�RTQFWEVKXG�QPG��#U�
LWUV�OGPVKQPGF��CP�KPXKUKDNG�YQTMHQTEG�KU�
KPXQNXGF�KP�GCEJ�UVGR�QH�KVU�CUUGODN[�NKPG�

FCVCUGV�EQORQUKVKQP��CNIQTKVJO�UWRGTXK-
UKQP��OQFGN�GXCNWCVKQP��GVE����2KRGNKPGU�QH�
GPFNGUU�VCUMU�KPPGTXCVG�HTQO�VJG�)NQDCN�
0QTVJ�KPVQ�VJG�)NQDCN�5QWVJ��ETQYFUQWT-
EGF�RNCVHQTOU�QH�YQTMGTU�HTQO�8GPG\WG-
NC��$TC\KN�CPF�+VCN[��HQT�KPUVCPEG��CTG�ETWEK-
CN�VQ�VGCEJ�)GTOCP�UGNH�FTKXKPI�ECTU�ŨJQY�
VQ�UGGũ�66�#ICKPUV� VJG� KFGC�QH�CNKGP� KPVGN-
NKIGPEG�CV�YQTM��KV�OWUV�DG�UVTGUUGF�VJCV�
KP�VJG�YJQNG�EQORWVKPI�RTQEGUU�QH�#+�VJG�
JWOCP�YQTMGT�JCU�PGXGT�NGHV�VJG�NQQR��QT�
RWV�OQTG� CEEWTCVGN[�� JCU� PGXGT� NGHV� VJG�
CUUGODN[�NKPG��/CT[�)TC[�CPF�5KFFJCTVJ�
5WTK�EQKPGF�VJG�VGTO�ŨIJQUV�YQTMũ�HQT�VJG�
KPXKUKDNG�NCDQWT�VJCV�OCMGU�#+�CRRGCT�CT-
VKƓEKCNN[�CWVQPQOQWU��

$G[QPF� UQOG�DCUKE� FGEKUKQPU�� VQFC[ũU�

66  F.A., Schmidt, Crowdsourced production of AI training data: how 
human workers teach self-driving cars to see (Düsselsdorf 2019).
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CTVKƓEKCN�KPVGNNKIGPEG�ECPũV�HWPEVKQP�YKVJ-
QWV�JWOCPU�KP�VJG�NQQR��9JGVJGT�KVũU�FG-
NKXGTKPI�C�TGNGXCPV�PGYUHGGF�QT�ECTT[KPI�
QWV�C�EQORNKECVGF�VGZVGF�KP�RK\\C�QTFGT��
YJGP�VJG�CTVKƓEKCN�KPVGNNKIGPEG�
#+��VTKRU�
WR� QT� ECPũV� ƓPKUJ� VJG� LQD�� VJQWUCPFU� QH�
DWUKPGUUGU�ECNN�QP�RGQRNG�VQ�SWKGVN[�EQO-
RNGVG�VJG�RTQLGEV��6JKU�PGY�FKIKVCN�CUUGO-
DN[�NKPG�CIITGICVGU�VJG�EQNNGEVKXG�KPRWV�QH�
FKUVTKDWVGF�YQTMGTU��UJKRU�RKGEGU�QH�RTQ-
LGEVU�TCVJGT�VJCP�RTQFWEVU��CPF�QRGTCVGU�
CETQUU�C�JQUV�QH�GEQPQOKE�UGEVQTU�CV�CNN�
VKOGU�QH�VJG�FC[�CPF�PKIJV��

#WVQOCVKQP� KU� C� O[VJ�� DGECWUG� OC-
EJKPGU�� KPENWFKPI�#+�� EQPUVCPVN[� ECNN� HQT�
JWOCP� JGNR�� UQOG� CWVJQTU� JCXG� UWI-
IGUVGF� TGRNCEKPI� ŨCWVQOCVKQPũ� YKVJ� VJG�
OQTG� CEEWTCVG� VGTO� heteromation�67 
*GVGTQOCVKQP� OGCPU� VJCV� VJG� HCOKNKCT�
PCTTCVKXG� QH� #+� CU� RGTRGVWWO�OQDKNG� KU�
RQUUKDNG�QPN[�VJCPMU�VQ�C�TGUGTXG�CTO[�QH�
YQTMGTU��

;GV�� VJGTG� KU� C�OQTG� RTQHQWPF�YC[� KP�
YJKEJ�NCDQWT�EQPUVKVWVGU�#+��6JG�KPHQTOC-
VKQP� UQWTEG� QH�OCEJKPG� NGCTPKPI� 
YJCV-
GXGT� KVU� PCOG�� KPRWV� FCVC�� VTCKPKPI� FCVC�
QT�LWUV�FCVC��KU�CNYC[U�C�TGRTGUGPVCVKQP�QH�
JWOCP�UMKNNU�� CEVKXKVKGU�CPF�DGJCXKQWTU��
UQEKCN� RTQFWEVKQP� CV� NCTIG�� #NN� VTCKPKPI�
FCVCUGVU�CTG��KORNKEKVN[��C�FKCITCO�QH�VJG�
FKXKUKQP�QH�JWOCP� NCDQWT� VJCV�#+�JCU� VQ�
CPCN[UG� CPF� CWVQOCVG��&CVCUGVU� HQT� KO-
CIG�TGEQIPKVKQP�� HQT� KPUVCPEG��TGEQTF�VJG�
XKUWCN� NCDQWT� VJCV� FTKXGTU�� IWCTFU�� CPF�
UWRGTXKUQTU�WUWCNN[�RGTHQTO�FWTKPI�VJGKT�
VCUMU�� 'XGP� UEKGPVKƓE� FCVCUGVU� TGN[� QP�
UEKGPVKƓE� NCDQWT�� GZRGTKOGPV� RNCPPKPI��

67  H. Ekbia and B. Nardi, Heteromation, and other stories of 
computing and capitalism (Cambridge, MA 2017).

NCDQTCVQT[� QTICPKUCVKQP�� CPF� CPCN[VKECN�
QDUGTXCVKQP��6JG� KPHQTOCVKQP�ƔQY�QH�#+�
JCU�VQ�DG�WPFGTUVQQF�CU�CP�CRRCTCVWU�FG-
UKIPGF�VQ�GZVTCEV�ŨCPCN[VKECN�KPVGNNKIGPEGũ�
HTQO� VJG� OQUV� FKXGTUG� HQTOU� QH� NCDQWT�
CPF� VQ� VTCPUHGT� UWEJ� KPVGNNKIGPEG� KPVQ� C�
OCEJKPG� 
QDXKQWUN[� KPENWFKPI�� YKVJKP�
VJG�FGƓPKVKQP�QH� NCDQWT�� GZVGPFGF� HQTOU�
QH�UQEKCN�� EWNVWTCN�CPF�UEKGPVKƓE�RTQFWE-
VKQP��68 +P� UJQTV�� VJG� QTKIKP� QH� OCEJKPG�
KPVGNNKIGPEG�KU�VJG�FKXKUKQP�QH�NCDQWT�and 
KVU�OCKP�RWTRQUG�KU�VJG�CWVQOCVKQP�QH�NC-
DQWT��

*KUVQTKCPU� QH� EQORWVCVKQP� JCXG� CN-
TGCF[� UVTGUUGF� VJG� GCTN[� UVGRU� QH� OC-
EJKPG�KPVGNNKIGPEG�KP�VJG�PKPGVGGPVJ�EGP-
VWT[�RTQLGEV�QH�OGEJCPK\KPI�VJG�FKXKUKQP�
QH� OGPVCN� NCDQWT�� URGEKƓECNN[� VJG� VCUM�
QH� JCPF� ECNEWNCVKQP�69� 6JG� GPVGTRTKUG� QH�
EQORWVCVKQP�JCU�UKPEG�VJGP�DGGP�C�EQO-
DKPCVKQP�QH�UWTXGKNNCPEG�CPF�FKUEKRNKPKPI�
QH� NCDQWT�� QH� QRVKOCN� ECNEWNCVKQP� QH� UWT-
RNWU�XCNWG��CPF�RNCPPKPI�QH�EQNNGEVKXG�DG-
JCXKQWTU����%QORWVCVKQP�YCU�GUVCDNKUJGF�
D[�CPF�UVKNN�GPHQTEGU�C�TGIKOG�QH�XKUKDKNKV[�
CPF�KPVGNNKIKDKNKV[��PQV�LWUV�QH�NQIKECN�TGC-
UQPKPI��6JG�IGPGCNQI[�QH�#+�CU�CP�CRRC-
TCVWU�QH�RQYGT�KU�EQPƓTOGF�VQFC[�D[�KVU�
YKFGURTGCF�GORNQ[OGPV�KP�VGEJPQNQIKGU�
QH� KFGPVKƓECVKQP� CPF� RTGFKEVKQP�� [GV� VJG�

68  For the idea of analytical intelligence see: L. Daston, Calcu-
lation and the division of labour 1750–1950. Bull Ger Hist Inst 62 
(2018), pp. 9–30.

69  S. Schaffer, Babbage’s intelligence: calculating engines and 
the factory system. Critical Inquiry 21/1, pp. 203–227; L. Daston, 
Enlightenment calculations. Critical Inquiry 21 (1994), pp. 182–202; 
M.L. Jones, Reckoning with matter: calculating machines, innova-
XMSR��ERH�XLMROMRK�EFSYX�XLMROMRK�JVSQ�4EWGEP�XS�&EFFEKI (Chicago 
2016).

70  M. Pasquinelli, On the origins of Marx’s general intellect. 
6EHMGEP�4LMPSWSTL]�2/6 (2019), pp. 43–56.
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EQTG�CPQOCN[�YJKEJ�CNYC[U� TGOCKPU� VQ�
DG�EQORWVGF�KU�VJG�FKUQTICPKUCVKQP�QH�NC-
DQWT��

#U�C�VGEJPQNQI[�QH�CWVQOCVKQP��#+�YKNN�
JCXG� C� VTGOGPFQWU� KORCEV� QP� VJG� LQD�
OCTMGV�� +H�&GGR�.GCTPKPI�JCU�C� ���GTTQT�
TCVG�KP�KOCIG�TGEQIPKVKQP��HQT�GZCORNG��KV�
OGCPU�VJCV�TQWIJN[�����QH�TQWVKPG�YQTM�
DCUGF�QP�XKUWCN� VCUMU� 
G�I��CKTRQTV� UGEW-
TKV[�� ECP� DG� RQVGPVKCNN[� TGRNCEGF� 
NGICN�
TGUVTKEVKQPU� CPF� VTCFG� WPKQP� QRRQUKVKQP�
RGTOKVVKPI��� 6JG� KORCEV� QH�#+� QP� NCDQWT�
KU�YGNN�FGUETKDGF�
HTQO�VJG�RGTURGEVKXG�QH�
YQTMGTU��ƓPCNN[��YKVJKP�C�RCRGT�HTQO�VJG�
'WTQRGCP� 6TCFG� 7PKQP� +PUVKVWVG�� YJKEJ�
JKIJNKIJVU�

UGXGP� GUUGPVKCN� FKOGPUKQPU� VJCV� HW-
VWTG�TGIWNCVKQP�UJQWNF�CFFTGUU�VQ�RTQVGEV�
YQTMGTU�� 
��� UCHG�� IWCTFKPI� YQTMGT� RTK-
XCE[�CPF�FCVC�RTQVGEVKQP��
���CFFTGUUKPI�
UWTXGKNNCPEG�� VTCEMKPI� CPF� OQPKVQTKPI��

���OCMKPI�VJG�RWT��RQUG�QH�#+�CNIQTKVJOU�
VTCPURCTGPV��
���GPUWTKPI�VJG�GZGTEKUG�QH�
VJG� ŨTKIJV� VQ� GZRNCPCVKQPũ� TGICTFKPI� FG-
EKUKQPU�OCFG�D[�CNIQTKVJOU�QT�OCEJKPG�
NGCTPKPI�OQFGNU��
���RTGUGTXKPI�VJG�UGEW-
TKV[�CPF�UCHGV[�QH�YQTMGTU�KP�JWOCPťOC-
EJKPG�KPVGTCE��VKQPU��
���DQQUVKPI�YQTMGTUũ�
CWVQPQO[� KP� JWOCPťOCEJKPG� KPVGTCE-
VKQPU��
���GPCDNKPI�YQTMGTU�VQ�DGEQOG�#+�
NKVGTCVG���

7NVKOCVGN[�� VJG� 0QQUEQRG� OCPKHGUVU�
KP�TGURQPUG�VQ� VJG�PGGF�HQT�C�PQXGN�/C-
EJKPGT[� 3WGUVKQP� KP� VJG� CIG� QH� #+�� 6JG�
/CEJKPGT[� 3WGUVKQP� YCU� C� FGDCVG� VJCV�
URCTMGF� KP�'PINCPF�FWTKPI�VJG� KPFWUVTK-

71  A. Ponce, Labour in the age of AI: why regulation is needed 
to protect workers. ETUI Research Paper – Foresight Brief #08 
(2020). https ://doi.org/10.2139/ssrn.3541002.

CN� TGXQNWVKQP��YJGP� VJG� TGURQPUG� VQ� VJG�
GORNQ[OGPV� QH� OCEJKPGU� CPF� YQTMGTUũ�
WPGORNQ[OGPV� YCU� C� UQEKCN� ECORCKIP�
HQT�OQTG�GFWECVKQP�CDQWV�OCEJKPGU��VJCV�
VQQM�VJG�HQTO�QH�VJG�/GEJCPKEUũ�+PUVKVWVG�
/QXGOGPV�72 6QFC[�� CP� +PVGNNKIGPV� /C-
EJKPGT[� 3WGUVKQP� KU� PGGFGF� VQ� FGXGNQR�
OQTG� EQNNGEVKXG� KPVGNNKIGPEG� CDQWV� OC-
EJKPG� KPVGNNKIGPEG�� OQTG� RWDNKE� GFWEC-
VKQP� KPUVGCF� QH� ŨNGCTPKPI�OCEJKPGUũ� CPF�
VJGKT�TGIKOG�QH�MPQYNGFIG�GZVTCEVKXKUO��
YJKEJ� ETQUUGU� QPEG� CICKP� QNF� EQNQPKCN�
TQWVGU�
KH�QPG�NQQMU�CV�VJG�PGVYQTM�OCR�QH�
ETQYFUQWTEKPI���#NUQ�KP�VJG�)NQDCN�0QTVJ��
VJG�EQNQPKCN�TGNCVKQPUJKR�DGVYGGP�EQTRQ-
TCVG�#+�CPF�VJG�RTQFWEVKQP�QH�MPQYNGFIG�
CU�C�EQOOQP�IQQF�JCU�VQ�DG�DTQWIJV�VQ�
VJG� HQTGHTQPV�� 6JG� 0QQUEQRGũU� RWTRQUG�
KU� VQ� DTGCM� KPVQ� VJG�JKFFGP� TQQO�QH� VJG�
EQTRQTCVG�/GEJCPKECN� 6WTM�� CPF� VQ� KNNW-
OKPCVG�VJG�KPXKUKDNG�NCDQWT�QH�MPQYNGFIG�
VJCV�OCMGU�OCEJKPG�KPVGNNKIGPEG�CRRGCT�
KFGQNQIKECNN[�CNKXG��
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