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�his is �he �ersi�n ��r 
�rin�in� and readin�� 
�he �ec�ure �ersi�n is  
didac�ica��� di��eren��

Remar�
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� �n ��du�e 2 �e discuss �ues�i�ns inc�udin� 
��ha� is science��� �W�� c�n�ri�u�in� �� �he 
in�erna�i�na� scien�i�ic c�mmuni���� and 
s�me me�h�d����ica� issues� �hereas

� in ��du�e � �e discuss �ues�i�ns inc�udin� 
��������c�n�ri�u�e �� �he in�erna�i�na� 
scien�i�ic c�mmuni���� and �earn �he �asic 
mechanics �� science� �he ��n���h����

� �� c�urse a��a�s �r�m �ur human�cen�ered 
�� and machine �earnin� �ers�ec�i�e �

��enda
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�1 �h� sh�u�d �e 
c�n�ri�u�e �� �he 

in�erna�i�na� 
scien�i�ic c�mmuni���
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� Science can pro�ide e�p�ana�ions ��

� Science can �a�e predic�ions

� �� ��ese are ��e �ues�ions o� ����� so�e��in� is 
��e cause �c�� �udea �ear� � see course �0���1��

� ��� is a person doin� ��is � an��ropo�o�ica� 
e�p�ana�ions �or�ed ancien� p�i�osop�� �
unders�andin� and e�p�ainin� na�ure �

� �n e�p�ana�ion is a ��pe o� insi��� �sense�a�in��

� ��en�s a �ood e�p�ana�ion �ood� ���ious��� ��en 
�e ��ee���� ��a� so�e��in� is sa�is�ac�ori�� 
e�p�ained � ��en �e do no� �a�e an� �ore 
�ues�ions � �e unders�and i��

�h� science�

�� p�ease �a�c� ��e �ideo s�o�n on s�ide � �� �ic�ard �e�n�an
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� 1� �ausa� e�p�ana�ion: �� so�e��in� causes �� i� 
a�so e�p�ains �

� 2� �unc�iona� e�p�ana�ion: � �as a re�ia��e 
�unc�ion ����� ��us � is e�p�ained

� �� �urpose�u� e�p�ana�ion: � �as �an�ed �� �

� �� �ra��a�ic e�p�ana�ion: ��e e�p�ana�ion is 
adap�ed �o ��e ��pe o� ans�er ��e �ues�ioner 
�an�s �o �ear�

��ur ���es �� e���ana�i�ns
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����ana�i�n ��h�� � needs a �r�und �ru�h

���ps:�������ou�u�e�co���a�c������0r9�0Sn�8

��is �as one �o�i�a�ion �o de�e�op ��e �andins�� 
�a��erns� our �S�iss-�ni�e� �or ��e s�ud� o� e�p�aina��e ��:
���ps:���u�an-cen�ered�ai�pro�ec���andins��-pa��erns
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Science is humans �rea�es� c���ec�i�e endea��ur

���ps:��en�unesco�or����e�es�science-socie��
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Science is an in�erna�i�na� ��in� c���a��ra�i�e e���r�

���ps:��ne�s�s�an�ord�edu�2018�0��1���o�-ai-is-c�an�in�-science
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���i�a�i�n� �r�m a �ar�ard �Sc ��� ��urse
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��da� �� is en�rm�us�� �r��ressin� �

� �ro�ress is dri�en �� 
��e e�p�osion in 
��e a�ai�a�i�i�� o� 
�i� da�a and ����
c�s� c�m�u�a�i�n� 

� �ea��h is am�n�s� 
�he �i��es� 
cha��en�es

�ordan� �� �� � �i�c�e��� �� �� 201�� 
�ac�ine �earnin�: �rends� 
perspec�i�es� and prospec�s� 
Science� ��9� ��2���� 2��-2�0�
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��n u��ra-in�e��i�en� �ac�ine cou�d 
desi�n e�en �e��er �ac�ines� ��ere 

�ou�d ��en un�ues�iona��� �e an 
�in�e��i�ence e����si�n�� and ��e 

in�e��i�ence o� �an �ou�d �e �e�� �ar 
�e�ind � 

�� is curious ��a� ��is poin� is �ade so 
se�do� � ou�side o� science �ic�ion��

�r�in� �o�n �ood� �rini�� �o��e�e� ���ord� 19��
�o��ea�ue o� ��an �urin� in ��e�c��e� �ar� 

�ha� i� �e succeed�

�� ���ps:��in�e��i�ence�or��ie-�a�

�ased on �a��s �i�en in a �on�erence on ��e �oncep�ua� �spec�s o� �ioco��unica�ions� �europs�c�ia�ric �ns�i�u�e� �ni�ersi�� o� �a�i�ornia� 
Los �n�e�es� �c�o�er 19�2� and in ��e �r�i�icia� �n�e��i�ence Sessions o� ��e �in�er �enera� �ee�in�s o� ��e ����� �anuar� 19�� �1� ����
��e �irs� dra�� o� ��is �ono�rap� �as co�p�e�ed in �pri� 19��� and ��e presen� s�i����� a�ended �ersion in �a� 19��

�r�in� �o�n �ood 19��� Specu�a�ions �oncernin� ��e �irs� ���rain�e��i�en� �ac�ine� �d�ances in �o�pu�ers� �� 
�1-88� doi: ���p:��d��doi�or��10�101��S00��-2��8�08��0�18-0
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�2 �ha� is Science �

�ha� is �n�ineerin��
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� epis���� �ancien� �ree�: epis�e�e � �issen�

� Scien�ia ��a�in � �issen� en��� ��no��ed�e��

� s�s�e�a�ic and o��ec�i�e process �o a��ain and 
or�ani�e  ne� �no��ed�e in ��e �or� o� �es�a��e 
e�p�ana�ions and predic�ions a�ou� our uni�erse

� �o�pu�er Science:

� �� ��eore�ica�

� �� e�peri�en�a�

� ��ree pi��ars: 

� 1� �an�ua�e � in�or�a�ion� 

� 2� process � a��ori���s� 

� �� �ec�no�o�� � co�pu�er �uni�ersa� pro�ra�a��e �ac�ine�

�ha� is Science�
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�a��e �ssum��i�ns and scien�i�ic me�h�ds
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�us��mer
� 

�nd��ser

�����he�ica�
�nd��ser

�asic
Science

����ied 
Research

�usiness
�n�ineerin�

Science is �es�in� cra�� ideas �
�n�ineerin� is �u��in� �hese ideas in�� �usiness

�o��in�er� �� 2011� Success�u� �ana�e�en� o� �esearc� and �e�e�op�en�� �orders�ed�: �o��

����� �� �he ����in�er �r�u�
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Scien�is�s disc��er �he ��r�d �ha� e�is�s ��r 
e�is�ed� �hin� �n Pa�e�n�����is�s�
�n�ineers crea�e a ��r�d �ha� ne�er �e��re 
e�is�ed

���ri�u�ed �o ��eodore �on �ar�an �1881-19���

Science �ersus �n�ineerin�
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� �o�pu�er Science is as�in�:

� � � �� � ��

� ��a� is in�or�a�ion�

� ��a� is in�e��i�ence�

� ��a� is co�pu�a��e�

� �o�pu�er �n�ineerin� is as�in�:

� ��o�� can �e �ui�d �in�e��i�en�� in�or�a�ion
s�s�e�s �si�p����

� �� a proo� �ou�d �a�e pro�ound i�pac� ���in� on 
cr�p�o�rap��� �S�� su��rap� iso�orp�is�� �

��m�u�er Science �s� ��m�u�er �n�ineerin�

�ane� �� �in� 200�� �o�pu�a�iona� ��in�in�� �o��unica�ions o� ��e ���� �9� ���� ��-��� doi:10�11���11181�8�111821��
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Science �e�is�eme� �� �echn����� ��echne�

��is�eme �echne

���ec�s �unc�an�ea��e� ��an�ea��e �p�as�ic�

�oa� �enera� �no��ed�e Speci�ic �no��ed�e

�c�i�i�ies �ui�din� ��eoria �ui�din� poiesis

�e��od ��s�rac�ion �oncre�e ��ode�in��

�rocess �oncep�ua�i�in� �p�i�i�in�

�nno�a�ion in �or� o� �isco�er� �n�en�ion

�esu��s La�-�i�e �u�e-�i�e

�ccordin� �o �ris�o�e�es ��8�-�22�

Par� 2 S�uden� Research Seminar 19/2�human�cen�ered�ai �����in�er �r�u�� 2�

��m��e�i�� Pr���em� �ime �ersus S�ace

� �ersus �� and ��e �o�pu�a�iona� �o�p�e�i�� �oo� p�ease �a�e a �oo� a� 
���ps:�������ou�u�e�co���a�c�������0������s

c�ns�an�

���ari�hmic

�inear

�uadra�iccu�ice���nen�ia�
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�h� �n��s �his �ers�n�
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�i�in� �hin�s are a��e �

�� �r�� �

�� re�r�duce �

�� se���re��ica�e �

�� �enera�e/u�i�i�e ener��  �

�� �r�cess in��rma�i�n �
Sc�r�din�er� �� �19��� Wha� Is Life? The Ph�si�a� �s�e�� 
�f �he Li�i�� �e��� ����i� I�s�i���e f�� ���a��e� ����ies�

�� e����e �
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�he �a� �� eScience � da�a in�ensi�e sciences

�on� �e�� S�e�ar� �ans�e� � �ris�in �o��e 2009� ��e �our�� paradi��: da�a-in�ensi�e 
scien�i�ic disco�er�� �ed�ond ����� �icroso�� �esearc��

���ps:�������icroso���co��en-us�researc��pu��ica�ion��our��-paradi��-da�a-in�ensi�e-scien�i�ic-disco�er�
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�he in��rma�i�n e����si�n �
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�ime �r�m �isc��er� �� �issemina�i�n
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� 1000 �ears a�o � ��peri�en�a� Science: 
o�ser�in� and descri�in� na�ura� p�eno�ena

� �00 �ears a�o � ��eore�ica� Science:
�e��on�s La�s� �a��e���s ��ua�ion� �ins�ein� �

� �0 �ears a�o � �o�pu�a�iona� Science:
usin� uni�ersa� pro�ra��a��e �ac�ines �or 
si�u�a�in� co�p�e� p�eno�ena �ia �a�� �ode�s

� �oda� � �a�a-�n�ensi�e Science: 
da�a cap�ured �� ins�ru�en�s� �enera�ed �� 
si�u�a�ions� sensor ne�s� �

�mer�ence �� a ��ur�h Research Paradi�m
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��u a��a�s �e� a resu�� � �u� is i� re�e�an��

��ai�a��e on�ine: ���ps:��ro�a�socie��pu��is�in��or��doi��u���10�1098�rs�a�2018�01��

Sauro Succi � �e�er �� �o�ene� 2019� �i� da�a: ��e end o� ��e scien�i�ic �e��od� ��i�osop�ica� �ransac�ions o� ��e 
�o�a� Socie�� �� ���� �21�2�� 201801��� doi:10�1098�rs�a�2018�01���
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�� �asics �� �he
�he�r� �� Science
��issenscha��s�he�rie�

��� �1 �ha� is �he ������� a��r�ach
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� ��assic �e���nian approac�:
� �s� �ues�ion � de�e�op ��eor� � �or� a ��po��esis �o 

proo��disproo� ��eor� � conduc� e�peri�en�s � co�pare 
da�a �i�� ��po��esis � accep��re�ec� ��eor�

� ��m�u�er Science approac�:
� �ind open pro��e�s �o so��e � �or� ��po��esis �o� �o 

so��e ��e pro��e� � e�peri�en� � e�a�ua�e � presen� ne� 
so�u�ion �o ��e pro��e�

� ��dern �achine �earnin� approac�:
� Se��in� up e�peri�en�s �o ans�er �ues�ions inc�udin�: 

�o� does �ode� � per�or� on da�a � �ro� do�ain �� 
��ic� o� ��ese �ode�s �a�e ��e �es� per�or�ance� 
�uc� is �ea�ure en�ineerin� and precision and reca�� are 
�our �es� �riends� �o� �ues�ions o� causa�i�� �o ans�er 
��e �ues�ions o� ��� are �eco�in� i�por�an��

Sh�r� ��er�ie�� ��� �� carr� �u� scien�i�ic ��r�
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�enera� ��er�ie� �� �he c�assic a��r�aches

���ec�s Primar� �e�h�d

Lo�ic � �a��e�a�ics Si�p�e a�s�rac� o��ec�s: nu��ers� 
proposi�ions� �

�educ�ion

�a�ura� Sciences �a�ura� o��ec�s: p��sica� o��ec�s� 
�ie�ds� or�anis�s� �

��po��e�ico-deduc�i�e

Socia� Sciences Socia� o��ec�s: �u�an indi�idua�s� 
co��ec�i�es� socie��� �

��po��e�ico-deduc�i�e �
�er�eneu�ics

�u�ani�ies 
�e��� La��

�o�p�e� cu��ura� o��ec�s: �u�an 
ideas� princip�es� ac�ions� 
re�a�ions�ips� �an�ua�e� ar�e�ac�s� �

�er�eneu�ics
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� �educ�i�e Reas�nin� � ��po��esis � ��ser�a�ions � Lo�ica� 
�onc�usions
� ������: ��po��esis �us� �e correc�� �� de�ines ��e��er ��e �ru�� 

o� a conc�usion can �e de�er�ined �or ��a� ru�e� �ased on ��e �ru�� 
o� pre�ises: ���� ���� ��ere�ore ���

� �nduc�i�e reas�nin� � �a�es �road �enera�i�a�ions �ro� 
speci�ic o�ser�a�ions
� ������: a��o�s a conc�usion �o �e �a�se i� ��e pre�ises are �rue
� �enera�e ��po��eses and use �� �or ans�erin� speci�ic �ues�ions

� ��duc�i�e reas�nin� � in�erence � �o �e� ��e �es� e�p�ana�ion 
�ro� an inco�p�e�e se� o� precondi�ions� 
� �i�en a �rue conc�usion and a ru�e� i� a��e�p�s �o se�ec� so�e 

possi��e pre�ises ��a�� i� �rue a�so� �a� suppor� ��e conc�usion� 
��ou�� no� uni�ue��� 

� ��a�p�e: ���en i� rains� ��e �rass �e�s �e�� ��e �rass is �e�� 
��ere�ore� i� �i��� �a�e rained�� ��is �ind o� reasonin� can �e used 
�o de�e�op a ��po��esis� ��ic� in �urn can �e �es�ed �� addi�iona� 
reasonin� or da�a� 

Remem�er� Reas�nin� � �Sensema�in�� 
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� :� in�or�a�ion pro�ided �� direc� o�ser�a�ion 
�e�pirica� e�idence� in con�ras� �o in�or�a�ion 
pro�ided �� in�erence
� ��pirica� e�idence � in�or�a�ion ac�uired �� 

o�ser�a�ion or �� e�peri�en�a�ion in order �o �eri�� 
��e �ru�� ��i� �o rea�i��� or �a�si�� �non-�i� �o rea�i����

� ��pirica� in�erence � dra�in� conc�usions �ro� 
e�pirica� da�a �o�ser�a�ions� �easure�en�s�

� �ausa� in�erence � dra�in� a conc�usion a�ou� a 
causa� connec�ion �ased on ��e condi�ions o� ��e 
occurrence o� an e��ec�� 
� �ausa� in�erence is an e�a�p�e o� causa� reasonin�� 

�m��r�an� �e�ini�i�n� �r�und �ru�h
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�hus� �he �andins��Pa��erns are s� im��r�an��

���ps:���u�an-cen�ered�ai�pro�ec���andins��-pa��erns
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�� �����he�ic��
�educ�i�e �e�h�d
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�he scien�i�ic me�h�d is s�ric��� ���ec�i�e

���ps:�������ou�u�e�co���a�c������-s���s���
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� ��e scien�i�ic �e��od is ��e �o�ica� sc�e�e used 
�� scien�is�s searc�in� �or ans�ers �o ��e 
�ues�ions posed �i��in science� 

� ��e Scien�i�ic �e��od is used �o produce 
scien�i�ic ��eories� inc�udin� �o�� scien�i�ic �e�a-
��eories ���eories a�ou� ��eories� as �e�� as ��e 
��eories used �o desi�n ��e �oo�s  �or producin�
��eories �ins�ru�en�s� a��ori���s� e�c��

�he Scien�i�ic �e�h�d
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� ��ser�e an e�en�
� �s� a �ues�ion ���ri�in�re �ra�es�e��un��� and 

c�ec� �i�� ��e s�a�e-o�-��e-ar� ��e��er and �o ��a� 
e��en� ��is �ues�ion �as a�read� �een ans�ered��

� �e�e�op a �ode� �or ��po��esis� ��ic� �a�es a 
predic�ion �o e�p�ain ��is e�en�

� �es� �our predic�ion �i�� �ne�� da�a 
� ��ser�e ��e resu��
� �roo� ��e ��po��esis or re�ise appropria�e��
� repea� as �on� as needed
� � success�u� �ode� �or ��po��esis� �eco�es a 

scien�i�ic ��eor� �

�he scien�i�ic me�h�d
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�ha� is �he �e��ec�ed� c�n�ri�u�i�n ��r �he scien�i�ic c�mmuni�� �
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1� �or�u�a�e a researc� �ues�ion in ��e con�e�� o� 
e�is�in� �no��ed�e ���eor� � o�ser�a�ions� �
�ou �us� �no� ��o did ��a� ��en and ��ere�

2� �or�u�a�e a ��po��esis as a �en�a�i�e ans�er �o 
��is �ues�ion

�� �educe conse�uences and �a�e predic�ions

�� �es� ��e ��po��esis in a speci�ic 
e�peri�en����eor� �ie�d� ��e ne� ��po��esis 
�us� pro�e �o �i�-in ��e e�is�in� �or�d-�ie�� 
��in� a�ou� ��a� Sir �ar� �opper said�

S�e�s �sim��i�ied�
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� �n case ��e ��po��esis �eads �o con�radic�ions and 
de�ands a radica� c�an�e in ��e e�is�in� ��eore�ica� 
�ac��round� �es� i� care�u��� a�ain� 

� �� �ou succeed and i� rep�aces ��e e�is�in� scien�i�ic 
paradi�� � ��is is ca��ed �scien�i�ic re�o�u�ion� and i� 
�appens �er� rare�� and canno� �e p�anned  � 

� �epea� ��e process �i�� �odi�ica�ions o� ��e 
��po��esis un�i� �ou reac� an a�ree�en� ��ic� 
�eads �o a sa�is�ia��e resu��

� �� �ou �ind �a�or discrepancies� �ou �us� s�ar� ��e 
process �ro� ��e �e�innin�� or �ou s�a�e an 
a��erna�i�e researc� �ues�ion�

�arnin�
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� ��en consis�enc� is o��ained ��e ��po��esis 
�eco�es a ��eor� and pro�ides a co�eren� se� o� 
proposi�ions ��a� de�ine a ne� c�ass o� 
p�eno�ena or a ne� ��eore�ica� concep�� 

� ��e resu��s �a�e �o �e pu��is�ed and is su��ec� 
o� process o� �na�ura� se�ec�ion� a�on� 
co�pe�in� ��eories � re�ie�er �i�e �ou a �ard 
�i�e�

� � ��eor� is ��en �eco�in� a �ra�e�or� �i��in 
��ic� o�ser�a�ions���eore�ica� �ac�s are 
e�p�ained and predic�ions can �e �ade� 

���ain c�nsis�enc� in ��ur resu��s � re�ea�a��e
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� Science under�oes a��a�s 
periodic paradi��a�ic c�an�es

� ��ese paradi�� s�i��s open up ne� approac�es

� Scien�is�s can �o� course� ne�er separa�e ��eir 
su��ec�i�e perspec�i�e �ro� ��eir �or�

� ��us� our co�pre�ension o� science can ne�er 
re�� on �u�� o��ec�i�i�� accordin� �o �u�n

�h�mas S� �uhn �1922�1999� �n ���ec�i�i��

���ps:��en��i�ipedia�or���i�i��o��ensura�i�i����p�i�osop���o��science�
�or �ur��er in�or�a�ion on ��e �or� o� ��o�as �u�n e� a��
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� ��ere is no �o�ica� pa�� �eadin� �o ���e �i���� 
uni�ersa� �a�s o� science�� ��e� can on�� �e 
reac�ed �� in�ui�ion� �ased upon so�e��in� 
�i�e an in�e��ec�ua� �o�e o� ��e o��ec�s o� 
e�perience��

� Science s�ar�s �i�� pro��e�s ��es� �e 
en�ineers ca�� i� c�a��en�es ���

� �opin� �i�� a pro��e�� ��e scien�is� �a�es 
o�ser�a�ions�

� ��ser�a�ions are se�ec�i�e�� desi�ned �o �es� 
i� a ��eor� �unc�ions as a sa�is�ac�or� 
so�u�ion �o a �i�en pro��e��

� �ead �ore �ere: 
���p:��p�a�o�s�an�ord�edu�en�ries�popper

�ar� P���er �19�2�199�� �n ��si�i�ism
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� Science is in�eres�ed in uni�ersa� a��ir�a�i�e 
conc�usions�

� �o�e�er� suc� conc�usions cou�d ne�er �e �eri�ied�

� �u�� ��e� cou�d �e �a�si�ied �� ��e disco�er� o� a 
coun�ere�a�p�e�

� Science s�ou�d ai� no� �o �eri�� or con�ir� 
��po��eses �u� �o �a�si�� ��e��

� �ccordin� �o �opper� ��ere can �e ne�er a 
con�ir�a�ion ��es���i�un�� o� a ��po��esis�

� �� can on�� �e a corro�ora�ion ��e�r���i�un�� 
�r��r�un��

�ar� P���er �c�n�d� �n �a�si�ica�i�n as �rinci��e
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Richard �e�nman �n �he scien�i�ic me�h�d

���ps:�������ou�u�e�co���a�c����0��i����cS�
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�� �ccam�s Ra��r

��� �1 �ha� is �he ������� a��r�ach
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�i��iam �� �c�ham �12���1���� � and his Ra��r

�i��ia� o� �c��a�� or �cca�� 
��is i�a�e is in ��e pu��ic do�ain

• �cca��s ra�or �no�acu�a �cca�i� or �a� o� 
parsi�on�: La�in: �e� parsi�oniae� 

• is ��e pro��e�-so��in� princip�e ��a� s�a�es 
��n�i�ies s�ou�d no� �e �u��ip�ied �i��ou� 
necessi����

• ���ura�i�as non es� ponenda sine 
necessi�a�e�

• ���� e�se e�ua� � pre�er ��e si�p�es� ��eor��
• ���e si�p�es� so�u�ion is �os� �i�e�� ��e 

ri��� one�� 
• �cca��s ra�or sa�s ��a� ��en presen�ed 

�i�� co�pe�in� ��po��eses ��a� �a�e ��e 
sa�e predic�ions� one s�ou�d se�ec� ��e 
so�u�ion �i�� ��e �e�es� assu�p�ions

�ro��e� is �o�p�e�i��:
�d-�oc ��po��eses
�u��ip�e �ec�anis�s
�oincidences
�an� �ree para�e�ers� �
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� ��p�ana�ion is di��icu��:

� �� �s ��e �ini�u� e�p�ana�ion ��e si�p�es� �

� �� �s ��e si�p�es� e�p�ana�ion ��e �es� e�p�ana�ion �

� �� ��en is i� enou��� ����ere is ��e sa�ura�ion 
poin���

� �� �o� can an e�p�ana�ion �e adap�ed �o di��eren� 
pre�ious �no��ed�e�

Parsim�n� is im��r�an� ��r e���aina��e ��

�nse�� ��u�er� �ndr�e� ��ren�euc��� �a�id �auss�er � �an�red � �ar�u�� 198�� �cca��s ra�or� 
�n�or�a�ion processin� �e��ers� 2�� ���� ���-�80�

�edro �o�in�os 1999� ��e �o�e o� �cca��s �a�or in �no��ed�e �isco�er�� �a�a �inin� and �no��ed�e 
�isco�er�� �� ���� �09-�2�� doi:10�102��a:10098�892989��
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� �o�e: i� �eans �o pre�er ��e �os� o��ious 
e�p�ana�ion� e��� �ou c�eese is �anis�ed:

� �� �os� �i�e�� i� �as �een ea�en �� a �ouse

� �� �os� un�i�e�� i� �as �een �a�en �� a �arsian

� �an�er: ��es� e�p�ana�ion� in ��a� sense� 

� �cca� ori�ina��� e�p�asi�ed ��a� �ou s�ou�d 
a��a�s �a�e an e�p�ana�ion �i�� ��e �e�es� 
assu�p�ions

� �oun�ere�a�p�e: �uan�u� �ec�anics

�a�e �he sim��es� e���ana�i�n n�� sim��is�ic �
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��a�ure opera�es in ��e s�or�es� �a� possi��e� �
�ris�o��e�

��n�i�ies s�ou�d no� �e �u��ip�ied �i��ou� 
necessi��� � �i��ia� o� �cca��

���er���in� s�ou�d �e �ade as si�p�e as possi��e� 
�u� no� si�p�er� � ���er� �ins�ein�

�ccam�s Ra��r �as �n��n and is �n��n �
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�� Reichen�ach�s 
Princi��e

��� �1 �ha� is �he ������� a��r�ach
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�ans Reichen�ach �1�91�19���

Pr���nen� �� ���ica� em�iricism� 
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Reichen�ach�s c�mm�n cause �rinci��e

”I� an im����a��� ��in�i��n�� �a� ��������� ����� m��� ��i��
a ��mm�n �a���” ��� ����
Tw� exam��e�� ”������� ���� �am�� in a ���m �� ��� �����n��� ��
���a�� i� a� im����a��� ��a� �� ��an�� ���� ����� ���n�� ��� a� ���
�am� �im� an� ���� ��� a ���n�� ��� ���� �� ��m� ����� in�������i�n ��
��� ��mm�n ����� ������� ��� im����a��� ��in�i��n�� i� ����
����ain�� a� ��� ������� �� a ��mm�n �a����”
”�� ������� �����a� a����� in a ��a�� ��a� �a�� i�� ����in� ��m���m� ��
���� ��i��nin�� �� a���m� ��a� ��� ��i��n�� ���� ���m� ���m ���
�am� ������ � ��� in��an��� ��a� i� �a� ��n�ain�� in a ��mm�n m�a� �
an� ���n ���� ��� an ����ana�i�n �� ��� ��in�i��n�� in ���m� �� a
��mm�n �a����”
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� Reichen�ach�s c�mm�n cause �rinci��e�
�ssu�e ��a� � ��� i��e�e��e�� � � 

� ��en
� causes � �
� causes ��
��ere is a �idden co��on cause or co��ina�ion�
�or e�a�p�e: 

� � � �ou �i�e ��is �ec�ure �a��
� � �ou �i�e ��is ��eor�
� � �ou a��end ��is course

��rre�a�i�n d�es n�� im��� causa�i�n � �u�
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�� ���erimen�s in 
�achine �earnin�

1� ���endi�
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S�me e�ce��en� res�urces �

���ps:���ac�ine�earnin��as�er��co� ���p:��s���a�us�cs��anc�es�er�ac�u��p���2019������1011
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�If ��� �a��� �eas��e i�� 

��� assi�� i� a� e�a�� ���e�i�a� �a��e� ��� e���ess 
i� i� ����e�s� 

�he� ���� �����e��e is �f a �ea�e� a�� 
��sa�isfa����� �i���

�a��ri�u�ed �o �i��ia� ��o�son �182�-190��� a�a Lord �e��in�

�h� is measurin� im��r�an��
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��� d� �e carr� �u� �� e��erimen�s

�ha� �� measure�
��� �� measure�
��� �� in�er�re��
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� ��e ans�ers �o ��e �ues�ion o� ��ic� a��ori��� 
�or�s �es� on �our speci�ic da�a se� or pro��e�� 
or ��ic� inpu� �ea�ures �o use� can on�� �e �ound 
��rou�� ri�orous e�peri�en�s�

� ��is is �ecause �an� �L a��ori���s are �oo 
co�p�e� �or �or�a� ana��sis� a� �eas� a� ��e �e�e� 
o� �enera�i�� assu�ed �� �os� ��eore�ica� 
�rea��en�s� �s a resu��� e�pirica� s�udies o� ��e 
�e�a�iour o� �ac�ine �earnin� a��ori���s �us� 
re�ain a cen�ra� ro�e�

S�s�ema�ic ���erimen�a�i�n

��ce��en� source: ���ps:���ac�ine�earnin��as�er��co��con�ro��ed-e�peri�en�s-in-�ac�ine-�earnin�
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� ��is is a c�a��en�e �or �e�inners ��o �us� �earn so�e ri�or�
� ��ree ��pes o� e�peri�en�s:
� ��oose-�ea�ures ��peri�en�s� ��en de�er�inin� ��a� da�a �ea�ures �inpu� 

�aria��es� are �os� re�e�an� �o a �ode�� ��e independen� �aria��es �a� �e ��e 
inpu� �ea�ures and ��e dependen� �aria��e �i��� �e ��e es�i�a�ed s�i�� o� ��e 
�ode� on unseen da�a�

� �une-�ode� ��peri�en�s� ��en �unin� a �ac�ine �earnin� �ode�� ��e 
independen� �aria��es �a� �e ��e ��perpara�e�ers o� ��e �earnin� a��ori��� 
and ��e dependen� �aria��e �i��� �e ��e es�i�a�ed s�i�� o� ��e �ode� on 
unseen da�a�

� �o�pare-�ode�s ��peri�en�s� ��en co�parin� ��e per�or�ance o� �ac�ine 
�earnin� �ode�s� ��e independen� �aria��es �a� �e ��e �earnin� a��ori���s 
��e�se��es �i�� a speci�ic con�i�ura�ion and ��e dependen� �aria��e is ��e 
es�i�a�ed s�i�� o� ��e �ode� on unseen da�a�

� ��a� �a�es ��e e�peri�en�a� �ocus o� app�ied �ac�ine �earnin� so e�ci�in� is 
��o-�o�d:
� 1� �isco�er�� �ou can disco�er ��a� �or�s �es� �or �our speci�ic pro��e� and da�a� 
� 2� �on�ri�u�ion� �ou can �a�e �roader disco�eries in ��e �ie�d� �i��ou� an� 

specia�i�ed �no��ed�e o��er ��an ri�orous and s�s�e�a�ic e�peri�en�a�ion�

���erimen�a�i�n is �e� in a���ied machine �earnin�

��ce��en� source: ���ps:���ac�ine�earnin��as�er��co��con�ro��ed-e�peri�en�s-in-�ac�ine-�earnin�
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� �ross-�a�ida�ion is a �a� �o �oni�or s�a�i�i��
� ��ec� a��a�s con�idence in�er�a�s
� ���-�na��sis� par�icu�ar�� �or i��a�anced da�a

� ��e rare�� �a�e ������ da�a ����
� ��ec�: �ccurac�� �rainin� �i�e� Space co�p�e�i�� ��o� 

�uc� �e�or� is needed�� �n�erpre�a�i�i�� � �o� can �e 
e�p�ain ��� i� does ��a� i� does�

� �u�ua� �n�or�a�ion� see �ac�a�� Sec�ion ����

����� �earnin� ����ri�hms de�end �n ��ur �es� da�a

�����a��
���

A B � �

70

80

90

100

������������������
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��assica� ���erimen�

��is i�a�e is in ��e pu��ic do�ain
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� �ac�ine �earnin� e�peri�en�s pose �ues�ions 
a�ou� �ode�s ��a� �e �r� �o ans�er �� �eans o� 
�easure�en�s on da�a� �e �a� as� �ues�ions 
inc�udin�:

� ��ic� �earnin� a��ori��� pro�ides ��e �es� 
�ode� �or da�a �ro� �o�ain ��

� �o� does ��e �ode� � per�or� on da�a �ro� ��

� ��a� �ode� �as ��e �es� per�or�ance on ��

� �o� do �ou �enc��ar�� ��a� is ��e �round
�ru���
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�radi�i�na� Pr��rammin�

�achine �earnin� � �earnin� �r�m �a�a

�radi�i�na� Pr��rammin� �s �achine �earnin�

�o�pu�er
�a�a

�ro�ra�
�u�pu�

�o�pu�er
�a�a

�u�pu�
�ro�ra�
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P�ease �ha�e�er ��u d�� remem�er

�o�per�� �� �� � �acread�� �� �� 199�� �o �ree �unc� ��eore�s �or op�i�i�a�ion� ���� 
�ransac�ions on ��o�u�ionar� �o�pu�a�ion� 1� �1�� ��-82�

�here is 

n� �ree �unch�
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Per��rmance �easures �se�ec�i�n�

��

� Sca�a�i�i��

� �redic�i�e accurac� � �i� ra�e

� �ei���ed �cos�-sensi�i�e� accurac�

� Speed �on �ode� �ui�din� and predic�in��

� �o�us�ness �one �ea�ness in i�L-approac��

� �recision��eca�� ��-�easure� �rea� ��en �oin��

� �rea under ��e ��� �see ne�� s�ides�

Source:  �ur�an e� a�� �2011�� �ecision Suppor� and �usiness �n�e��i�ence S�s�e�s

�ap�o�ic�� �� � S�a�� �� 2011� ��a�ua�in� �earnin� a��ori���s: a c�assi�ica�ion perspec�i�e� 
�a��rid�e �ni�ersi�� �ress�
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� ��ere are �an� da�ase�s �or �es�in� �ac�ine 
�earnin� a��ori���s� �us� so�e e�a�p�es:

� ���ps:�������a���e�co�

� ���p:��arc�i�e�ics�uci�edu����da�ase�s�����
���� �ac�ine Learnin� �eposi�or��

� ���p:��i�a�e-ne��or�

� ���p:���ann��ecun�co��e�d���nis�
��and�ri��en di�i� da�a�ase�

� ���ps:��da�a��edicare��o��

���� �a�ase�s ��r �enchmar�in� �ur��ses

���p:���ci-�dd�or��open-da�a-se�s�
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�ccurac� 

��ues�i�n� is 99� 
accurac� ���d�

��ns�er� �� de�ends 
�n �he �r���em�

�8
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� �ccurac� � error ra�e o� correc��incorrec� 
predic�ions �ade �� ��e �ode� o�er a da�a se� 
�c�� co�era�e�� 

� Precisi�n � precision �posi�i�e predic�i�e �a�ue� is 
��e �rac�ion o� re�rie�ed ins�ances ��a� are 
re�e�an�� ��i�e Reca�� �a�a sensi�i�i��� is ��e 
�rac�ion o� re�e�an� ins�ances ��a� are re�rie�ed

� Re�ia�i�i�� � �asica��� ��e �consis�enc�� or 
�repea�a�i�i���

� �a�idi�� � �enera���� �o �e� �a�id conc�usions

P�ease a��a�s remem�er �hese ��ur �erms�
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�ccurac�

Precisi�n

�0

�a�idi��

Re�ia�i�i��
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�ccurac� �s Predic�i�n� ��am��es
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�ccurac� �s� Precisi�n

���� �����a��
���� ��e������

���� �����a��
��w ��e������

��w �����a��
���� ��e������

��w �����a��
��w ��e������

� �

� �



Par� 2 S�uden� Research Seminar 19/2�human�cen�ered�ai �����in�er �r�u�� ��

�ccurac� �s� Precisi�n

���� �����a��
���� ��e������

���� �����a��
��w ��e������

��w �����a��
���� ��e������

��w �����a��
��w ��e������

� �

� �

���� �a������
���� �e��a������

���� �a������
��w �e��a������

��w �a������
��w �e��a������

��w �a������
���� �e��a������

Par� 2 S�uden� Research Seminar 19/2�human�cen�ered�ai �����in�er �r�u�� ��

�ccurac� �s� Precisi�n

���� �����a��
���� ��e������

���� �����a��
��w ��e������

��w �����a��
���� ��e������

��w �����a��
��w ��e������

� �

� �

���� �a������
���� �e��a������

���� �a������
��w �e��a������

��w �a������
��w �e��a������

��w �a������
���� �e��a������
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P�ease remem�er�

�ur�an� ��� S�arda� ��� �e�en� �� � ��rai�� �� 200�� �ecision suppor� and �usiness 
in�e��i�ence s�s�e�s� �earson �duca�ion�
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��ain �he R�� �ur�e

Source:  �ur�an e� a�� �2011�� �ecision Suppor� and �usiness �n�e��i�ence S�s�e�s ��

�rad�e�� �� �� 199�� ��e use o� ��e area under ��e ��� cur�e in ��e e�a�ua�ion o� �ac�ine 
�earnin� a��ori���s� Pa��e�� �e����i�i��� �0� ���� 11��-11�9�
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��am��es

�or a de�ai�ed e�p�ana�ion re�er �o: �a�ce��� �� 200�� �n in�roduc�ion �o ��� ana��sis� 
�a��ern reco�ni�ion �e��ers� 2�� �8�� 8�1-8���
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�� ��andin�s�Pa��erns �
�ur �S�iss��ni�e� ��r �he 
s�ud� �� e���aina��e ��

1� ���endi�
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���i�a�i�n� ���ica� �as� �� a human Pa�h����is� �

�ndreas �o��in�er� �eor� Lan�s� �e��u� �en�� �ur� �a��ou�a� � �ei�o �ue��er 2019� �ausa�i�i�� and ��p�aina�i�i�� o� 
�� in �edicine� �i�e� �n�erdiscip�inar� �e�ie�s: �a�a �inin� and �no��ed�e �isco�er�� doi:10�1002��id��1�12�
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�he medica� re��r� is �e�a��� �indin� � n�� �he ima�e

�o��in�er� ��� �eier�o�er� �� � �rra��� �� 200�� Se�an�isc�e �n�or�a�ionse��ra��ion in 
�edi�inisc�en �n�or�a�ionss�s�e�en� I�f���a�i� ��e������ ��� ���� ������
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�u�e� � �iese� �19�2�� �ur ��r�d is c�m��si�i�na�

�a�id �� �u�e� � �ors�en �� �iese� 
19�2� �ecep�i�e �ie�ds� �inocu�ar 
in�erac�ion and �unc�iona� 
arc�i�ec�ure in ��e ca��s �isua� cor�e�� 
��e �ourna� o� ���sio�o��� 1�0� �1�� 
10�-1��� 
doi:10�111���p��sio��19�2�sp00�8���
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�assi�� �andins�� �1��� � 19���

�o�posi�ion ����� 192�� So�o�on �� �u��en�ei� �useu�� �e� �or��Source: ���ps:��de��i�ipedia�or���i�i��assi����andins��
��is i�a�es are in ��e pu��ic do�ain�
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� � a s�uare i�a�e con�ainin� 1 �o � �eo�e�ric o��ec�s�

� �ac� o��ec� is c�arac�eri�ed �� i�s s�ape� co�or� si�e and 
posi�ion �i��in ��is s�uare� 

� ���ec�s do no� o�er�ap and are no� cropped a� ��e �order� 

� ��� o��ec�s �us� �e easi�� reco�ni�a��e and c�ear�� 
dis�in�uis�a��e �� a �u�an o�ser�er�

�e�ini�i�n 1� � �andins�� �i�ure is �

Par� 2 S�uden� Research Seminar 19/2�human�cen�ered�ai �����in�er �r�u�� ��

� a�ou� a �andins�� �i�ure � is �

� ei��er a �a��e�a�ica� �unc�ion ���� �� �� �i�� �����1���

� or a �����������������������������ic� is �rue or �a�se

�e�ini�i�n 2 � s�a�emen� ����

� �e�ar�: ��e e�a�ua�ion o� a na�ura� �an�ua�e s�a�e�en� is 
a��a�s done in a speci�ic con�e��� �n ��e �o��o�in�s e�a�p�es 
�e use �e�� �n��n c�nce��s �r�m human �erce��i�n
and �in�uis�ic ��eor�� 

� �� ���� is �i�en as an a��ori���� i� is essen�ia� ��a� ��e �unc�ion 
is a pure �unc�ion� ��ic� is a co�pu�a�iona� ana�o�ue o� a 
�a��e�a�ica� �unc�ion� 
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� � is de�ined as ��e su�se� o� a�� possi��e �andins�� �i�ures � 
�i�� ���� �� 1�or ��e na�ura� �an�ua�e s�a�e�en� is �rue� 

� ���� and a na�ura� �an�ua�e s�a�e�en� are e�ui�a�en�� i� and 
on�� i� ��e resu��in� �andins�� �a��erns con�ains ��e sa�e 
�andins�� �i�ures� 

� �����and ��e na�ura� �an�ua�e s�a�e�en� are de�ined as ��e 
�r�und �ru�h o� a �andins�� �a��ern 

�e�ini�i�n � � �andins�� Pa��ern � �

�� �he �a��i�s�� �i���e has ��� �ai�s �f ���e��s �i�h �he sa�e sha�e� i� ��e 
�ai� �he ���e��s ha�e �he sa�e ������ i� �he ��he� �ai� �iffe�e�� �����s� ��� 
�ai�s a�e a��a�s �is������ i�e� �he� ����� sha�e a ���e�� ��� 
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��� d� humans e���ain� �he� use c�nce��s�

����ur

Sha�e

�uan�i��
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��� d� humans e���ain� �2/2�

�rran�emen�

�es�a��

��main
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��main ��nce�� �r�m Pa�h����� 

�� �a�se

�� �rue

�� �oun�er�ac�ua�
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��� i� is ��ur �urn
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�9 Sam��e �ues�i�ns 
and ��nc�usi�n

1� ���endi�
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�uman��� c���a��ra�i�n 
�i�� sus�aina��� 

in��uence �he �a� 
science is d�ne

Scien�i�ic �achine �earnin� � ����a��ra�i�e ��
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��� can � use �isua� 
re�resen�a�i�ns �� a�s�rac� 

da�a �� am��i�� �he 
ac�uisi�i�n �� �n���ed�e�

� ���ica� �uman��� in�er�ace �ues�i�n �
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� 2� Se� a ��po��esis

� �� ���rac� in�or�a�ion

� �� �isco�er �idden �no��ed�e

� �� Suppor� �our pre�ious se� ��po��esis

� �achine in�e��i�ence � �uman in�e��i�ence

� � po�er�u� �e��ods �or �an� sciences

� �pp�ica�ion e��� in �an� do�ains� e��� 
�edicine and �ea���� educa�ion� ps�c�o�o��� 
indus�r�� e�c

�����he�ic���educ�i�e �e�h�d

� 1� �i�en a se� o� �co�p�e�� da�a 
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� �o� can �e �rans�er �earned represen�a�ions �o 
i�pro�e �earnin� in o��er �as�s�do�ains�

� ��ic� �earnin� a��ori��� s�ou�d �e used ��en�

� �an �ac�ine �earnin� ��eories �e�p �o 
unders�and �u�an �earnin� and �ice �ersa�

� �ac�ine Learnin� �s� �u�an Learnin�: ro�e o� 
�o�i�a�ion� e�o�ion� �or�e��in�� � �

� �o� can �e use se��-super�ised �earnin� �i�� 
�u��ip�e sensor� inpu��

S�me �����e�e� �rand �ues�i�ns �n�� �rdered�

���ps:��ai100�s�an�ord�edu�
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���endi�

1� ���endi�
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�ac�ine �earnin�

�u�an �earnin�

���ni�i�e Science �achine �earnin�
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� �ision
� �ission
� S�ra�e��

�����T����

�

� �one�
� �eop�e
� �aci�i�ies

����T

��

� �isse�ina�e
� �rans�er
� �a�e �isi��e

��T��T
��������
���

���

� �apers ���
� �ran�s ��� 
� �e�rees ���

�����T

��

�o��ec�i�e �earnin� e�perience

���
�
���

�������

�o��in�er� �� 2011� ����essf�� �a�a�e�e�� �f �esea��h a�� �e�e����e��� �orders�ed�� �o��

��r�����s ��r a Research �r�u�
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���p:������s�oc�as�ic�i�es���e�co����e-essen�ia�-�oo�s-o�-scien�i�ic-�ac�ine-�earnin�-scien�i�ic-��
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���ps:�������ir�in��a��ac�u��sc�oo�s��usiness�s�a���pro�i�e�asp���e�erence�d�10��18��a�e�pro�essor-�ar�-n�-saunders
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Kleine Einheiten ����e�Einheiten

���� �illi � ��� �il� �

���� �i��� � ��� �e�� �

���� n�n� n ��� �i�� �

����� �i�� � ���� te�� �

����� �e�t� � ���� �et� �

����� �tt� � ���� e�� E

����� �e�t� � ���� �ett� �

����� ���t� � ���� ��tt� �
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P�ease n��e� ��m�u�ers chan�e c�ns�an��� �
� ��d drea� o� �an�ind: usin� �ec�no�o�� �o au��en� 

�u�an capa�i�i�ies �or s�ruc�urin�� re�rie�in� and 
�ana�in� in�or�a�ion and decision suppor�:

� � cha��en�es ��r ��� �

���������������������������������008�
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�ndreas �o��in�er� ��e�ander �isc�e��i��er� Si��ia �ried� � �o �u 2010� �o�ards �i�e 
�on� �earnin�: ��ree �ode�s �or u�i�ui�ous app�ica�ions� �ire�ess �o��unica�ions 
and �o�i�e �o�pu�in�� 10� �10�� 1��0-1���� doi:10�1002��c���1��
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� ��cus Se�ec�i�n � �ia direc� �anipu�a�ion and se�ec�ion 
�oo�s� e��� �u��i-�ouc� �in da�a space a n-di� �oca�ion 
�i��� �e indica�ed�� see a recen� �or� �� �and� �oe�e�

� ���en�i�n R�u�in� � ano�a�� de�ec�ion� dra�s peop�e�s 
a��en�ion �o in�eres�in� areas �o s�ar� ��eir ana��ses�

� ���en� Se�ec�i�n � speci��in� e��en�s �or an in�erac�ion� 
e��� �ia a �ec�or o� �a�ues �a ran�e �or eac� da�a 
di�ension or a se� o� cons�rain�s�

� �n�erac�i�n ���e se�ec�i�n �  e��� a pair o� �enus: one �o 
se�ec� ��e space� and ��e o��er �o speci�� ��e �enera� c�ass 
o� ��e in�erac�ion�

� �n�erac�i�n �e�e� se�ec�i�n � e��� ��e �a�ni�ude o� sca�in� 
��a� �i�� occur a� ��e �oca� poin� ��ia a s�ider� a�on� �i�� a 
rese� �u��on��

�e� �he user in�erac�i�e�� mani�u�a�e �he da�a
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�ime is essen�ia� ��

�i��e��� �� � �rund� �� 201�� �o�pu�a�ion �a�es �i�e� �u� 
�o� �uc�� ������i�a�i��s �f �he ���� ��� ���� �������
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�a�a �n�e�ra�i�n� �a�a �usi�n
Pri�ac�� Securi��� Sa�e��
�a�a Pr��ec�i�n
�n�n�mi�a�i�n�� ��en �a�a

Se�ec�ed 
�ar�e� �a�a

�a�a Pre�r�cessin�
�e���isin�
�ea�ure e��rac�i�n
��rma�i�a�i�n e�c�

��assi�ica�i�n
��us�erin� e�c�

�isua�i�a�i�n�
�a�ida�i�n
��c�

����R������ �
�o��in�er� �� � �upan� �� 201�� �������: � scien�i�ic �ra�e�or� app�ica�ion �or �es�in� 
�no��ed�e disco�er� �e��ods �or ��e �io�edica� do�ain� ��� �i�i�f���a�i�s� ��� ���� ����
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��nc�usi�n� ����R������ as �he hia�us �he�re�icus

�ur cen�ra� h����hesis� 
�n��rma�i�n �rid�es �his �a�

Si�onic� ��-�� � �o��in�er� �� �2010� �ur �edeu�un� �on �n�or�a�ion in der �edi�in� ��� �����a�� ��� �����


