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ABSTRACT 

Within contemporary professional team sport organisations, operational decisions are 

increasingly becoming informed by objective data. Within the elite competition of Australian 

Rules football, the Australian Football League (AFL), an abundance of player and team 

performance data is collected and reported. However, the extent to which this data has been 

used in the team sport notational literature to inform organisational decision-making is limited. 

This thesis utilises a particular algorithmic player rating system, the ‘AFL Player Ratings’, and 

the subcategories used to construct this metric. Each study of this thesis models various 

applications of player performance data and presents it in a format for the purpose of providing 

organisational decision support to AFL clubs. The first study of this thesis establishes the 

validity of the AFL Player Ratings system. The second study identifies how performance 

profiles created from the proportion of rating points in each AFL Player Rating subcategory 

can be used to classify players into a priori determined player role categories. Additionally, it 

determines a level of similarity between the playing styles of each individual player competing 

within the AFL. The third study developed two separate models to objectively benchmark 

player performance, and to identify stages of peak performance and specific breakpoints 

longitudinally. The final study of the thesis investigated the relationship between subjective 

ratings of performance and basic player performance indicators, in order to gain an 

understanding of the extent to which human decisions are related to measurable aspects of a 

player’s performance. It also looked to compare subjective and objective ratings of player 

performance. Each of these studies address a different use of the data operationally, and provide 

a framework for clubs competing in the AFL. It outlines how objective player performance 

data can be modelled to inform various aspects of team and player individuality, value and 

potential, with a specific focus on supporting team selection, player drafting and recruitment.
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CHAPTER ONE – INTRODUCTION 

�

Chapter Overview 

7KLV� FKDSWHU� RXWOLQHV� WKH� EDFNJURXQG� DQG�REMHFWLYH� RI� WKH� WKHVLV� �VHFWLRQ� 1�1��� SURYLGHV� DQ�

LQWURGXFWLRQ�WR�$XVWUDOLDQ�5XOHV�IRRWEDOO��$)��WR�DGG�FRQWH[W�IRU�WKH�DQDO\VHV�FRQWDLQHG�LQ�WKH�

WKHVLV��VHFWLRQ�1�����DQG�RXWOLQHV�WKH�VWUXFWXUH�RI�WKH�WKHVLV��VHFWLRQ�1�3����

 

1.1 Background and objective of the thesis 

7KH�XWLOLVDWLRQ�RI�REMHFWLYH�SHUIRUPDQFH�GDWD�WR�VXSSRUW�GHFLVLRQV�LQ�DQ�HOLWH�VSRUW�VHWWLQJ�KDV�

EHHQ�VKRZQ�WR�ERWK�SOD\�D�UROH�LQ�LPSURYLQJ�SHUIRUPDQFH�RXWFRPHV��DV�ZHOO�DV�UHGXFLQJ�WKH�

ILQDQFLDO�FRVWV�DVVRFLDWHG�ZLWK�RUJDQLVDWLRQDO�SURFHVVHV��VXFK�DV�WDOHQW�LGHQWLILFDWLRQ��.XSHU��

��1���2IRJKL��=HOH]QLNRZ��0DF0DKRQ�	�5DDE����13��3LRQ��+RKPDQQ��/LX��/HQRLU�	�6HJHUV��

��16��:ULJKW��$WNLQV��-RQHV�	�7RGG����13���2UJDQLVDWLRQV�UHJXODUO\�IDFH�GHFLVLRQV�UHJDUGLQJ�

SOD\HU�LGHQWLILFDWLRQ�DQG�VHOHFWLRQ��ZKLFK�QDWXUDOO\�LQYROYHV�VRPH�OHYHO�RI�FRQVLGHUDWLRQ�DERXW�

WKH�SRVLWLYH�DQG�QHJDWLYH�DWWULEXWHV�LQ�ZKLFK�HDFK�SOD\HU�ZRXOG�EULQJ�WR�WKH�WHDP�FOXE��7DYDQD��

$]L]L��$]L]L�	�%HK]DGLDQ����13��7UQLQLü��3DSLü��7UQLQLü�	�9XNLþHYLü�����8���$W�D�PDFUR�OHYHO�

WKLV�UHODWHV�WR�GHFLVLRQV�UHJDUGLQJ�SOD\HU�UHFUXLWPHQW��LQFOXGLQJ�ZKLFK�SOD\HUV�WR�GUDIW��DV�ZHOO�

DV�WKH�OHQJWK�RI�FRQWUDFW�DQG�ILQDQFLDO�UHPXQHUDWLRQ�WR�RIIHU��ZKLOVW�PDLQWDLQLQJ�WRWDO�SOD\HU�

SD\PHQWV��L�H���ZLWKLQ�D�OHDJXH�VDODU\�FDS���2Q�D�PLFUR�OHYHO��WKLV�UHODWHV�WR�GHFLVLRQV�UHJDUGLQJ�

ZHHNO\� WHDP� VHOHFWLRQV�� LQFOXGLQJ� LGHQWLI\LQJ� RSWLPDO� WHDP� OLQH�XSV� DQG� UHSODFLQJ� LQMXUHG�

SOD\HUV���



�
��

�

$V�LQ�PDQ\�RWKHU�SURIHVVLRQDO�WHDP�VSRUWV��REMHFWLYH�SOD\HU�SHUIRUPDQFH�GDWD�LV�FROOHFWHG�DQG�

UHSRUWHG�URXWLQHO\�LQ�$XVWUDOLDQ�5XOHV�IRRWEDOO��5REHUWVRQ��*XSWD�	�0F,QWRVK����16���,Q�WKH�

HOLWH� FRPSHWLWLRQ� RI� $)�� WKH� $XVWUDOLDQ� )RRWEDOO� /HDJXH� �$)/��� DV� ZHOO� DV� VRPH� IHHGHU�

FRPSHWLWLRQV��L�H���QDWLRQDO�XQGHU�18�FKDPSLRQVKLSV��DQG�VHFRQG�WLHU�VWDWH�OHDJXHV���FOXEV�FDQ�

DFFHVV� SHUIRUPDQFH� GDWD� IURP� D� FRPPHUFLDO� VWDWLVWLFV� SURYLGHU� �&KDPSLRQ� 'DWD� 3W\� /WG���

0HOERXUQH��$XVWUDOLD���7KRXJK�VRPH�RI�WKLV�GDWD�LV�SXEOLFDOO\�DYDLODEOH�IRU�XVH�E\�UHVHDUFKHUV�

DQG� WKH� JHQHUDO� SXEOLF�� PXFK� RI� WKH� PRUH� VRSKLVWLFDWHG� VWDWLVWLFV� DUH� RQO\� DYDLODEOH� ZLWK�

FRPPHUFLDO� OLFHQFHV�� 'HVSLWH� WKLV� LQFUHDVHG� GHYHORSPHQW� RI� REMHFWLYH� SHUIRUPDQFH� GDWD� LQ�

WHDP�VSRUWV��WKH�DGYDQFHPHQW�RI�LWV�DSSOLFDWLRQ�EHWZHHQ�HDFK�VSRUW�KDV�YDULHG��7KLV�GLVSDULW\�

KDV� DULVHQ� IRU� YDULRXV� UHDVRQV�� 6RPH� VSHFLILF� H[DPSOHV� LQFOXGH� WKH� OHYHO� RI� FRPSOH[LW\�

GHWHUPLQLQJ� REMHFWLYHO\� TXDQWLILDEOH� RXWFRPHV� WKDW� HPDQDWH� GLUHFWO\� IURP� SOD\HU� DFWLRQV�

�'XFK��:DLW]PDQ�	�$PDUDO����1����DV�ZHOO�DV��VRPH�VSRUWV�VLPSO\�UHFHLYLQJ�JUHDWHU�DWWHQWLRQ�

DV� D� UHVXOW� RI� LQFUHDVHG� UHVRXUFHV� �6DUPHQWR� HW� DO��� ��14��� ,Q� FRPSDULVRQ� WR� YDULRXV� RWKHU�

SURIHVVLRQDO�VSRUWV��LQ�LQYDVLRQ�VSRUWV�VXFK�DV�$)�TXDQWLI\LQJ�ZKDW�HDFK�SOD\HU�FRQWULEXWHV�WR�

WKH�RYHUDOO�WHDP�SHUIRUPDQFH�LV�LQKHUHQWO\�KDUGHU�WR�GHWHUPLQH��*HUUDUG�����7���$GGLWLRQDOO\��

LQ� FRPSDULVRQ� WR� VRPH� RWKHU� SURIHVVLRQDO� LQYDVLRQ� WHDP� VSRUW� OHDJXHV�� SDUWLFXODUO\� WKH�

(XURSHDQ��L�H���VRFFHU��DQG�1RUWK�$PHULFDQ��L�H���EDVNHWEDOO��$PHULFDQ�IRRWEDOO��WHDP�VSRUWV�

OHDJXHV��$)�KDV�OHVV�UHVRXUFHV��+XWFKLQV����16���$V�VXFK��WKH�YROXPH�RI�UHVHDUFK�RXWOLQHG�LQ�

$)�ZLWKLQ�WKLV�VSDFH�LV�FRQVLGHUDEO\�EHKLQG�WKDW�LQ�PDQ\�RWKHU�WHDP�VSRUWV���

7KH�VXFFHVV�RI�WKH�2DNODQG�$WKOHWLFV�LQ�WKH�0DMRU�/HDJXH�%DVHEDOO�GXULQJ�WKH�HDUO\�����¶V�

ZDV� D� FDWDO\VW� IRU� WKH� LPSOHPHQWDWLRQ� RI� GHWDLOHG� VWDWLVWLFDO� DQDO\VHV� WR� EHWWHU� HYDOXDWH�

SHUIRUPDQFH�GDWD�LQ�WHDP�VSRUWV��6WHZDUW��0LWFKHOO�	�6WDYURV�����7���,Q�WKH�FRPLQJ�\HDUV�WKHUH�

ZDV�DQ�LQFUHDVH�LQ�UHVHDUFK�GHYHORSHG�LQ�WKLV�DUHD��VXFK�DV�WKDW�E\�+DNHV�DQG�6DXHU�����6���

ZKR�XQGHUWRRN� DQ�HFRQRPLF� HYDOXDWLRQ�RI� WKH�SURFHVVHV� WDNHQ�E\� WKH�2DNODQG�$WKOHWLFV� WR�
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H[SORLW�WKH�LQHIILFLHQF\�LQ�EDWWHUV¶�VDODULHV��ZLWK�UHVSHFW�WR�WKH�FRQWULEXWLRQ�RI�VSHFLILF�VNLOOV�WR�

ZLQQLQJ�JDPHV��2WKHU�VLPLODU�UHVHDUFK�ZDV�SURPSWHG�WR�FRQVLGHU�ZKHWKHU�VLPLODU�DSSOLFDWLRQV�

FRXOG�EH�LPSOHPHQWHG�LQ�D�ZLGHU�YDULHW\�RI�VSRUWV��6R�PXFK�VR�WKDW�LQ����7�WKH�International 

Journal of Sport Finance�GHGLFDWHG�DQ�HQWLUH� LVVXH� WR�Moneyball��DQG� LWV�DSSOLFDWLRQ�ZLWKLQ�

RWKHU� VSRUWV��6SHFLILFDOO\�� WKHUH�ZHUH�YDULRXV� VWXGLHV�XQGHUWDNHQ� WR� DVVHVV�DSSOLFDWLRQV�ZLWK�

UHJDUGV�WR�FRPSOH[�LQYDVLRQ�WHDP�VSRUWV�VXFK�DV�EDVNHWEDOO��%HUUL��%URRN�	�6FKPLGW�����7���

LFH�KRFNH\��0DVRQ�	�)RVWHU�����7���DV�ZHOO�DV�$)��6WHZDUW�HW�DO������7���

'XH�WR�WKH�FRPSOH[�QDWXUH�RI�LQYDVLRQ�WHDP�VSRUWV��DV�ZHOO�DV�WKH�FRPPRQ�PLVXQGHUVWDQGLQJV�

UHODWLQJ�WR�D�GDWD�GULYHQ�IRFXV�WRZDUGV�GHFLVLRQ�PDNLQJ��WKH�SUHYDOHQFH�RI�VXSSRUW�DSSOLFDWLRQV�

ZLWKLQ�HOLWH� OHYHO�VSRUWLQJ�RUJDQLVDWLRQV�UHPDLQV�PL[HG��+XWFKLQV����16��5HLQ�	�0HPPHUW��

��16���&RPPRQ�PLVXQGHUVWDQGLQJV�W\SLFDOO\�UHODWH�WR�WKH�GLIILFXOW\�FRPSUHKHQGLQJ�KRZ��DQG�

WR�ZKDW�H[WHQW�REMHFWLYH�EDVHG�GHFLVLRQV�FDQ�SURYLGH�LPSURYHG�RXWFRPHV�DV�FRPSDUHG�WR�WKH�

FXUUHQW�GHFLVLRQ�PDNLQJ�SURFHVVHV�RI�RUJDQLVDWLRQ��0DVVH\�	�7KDOHU����13���$V�VXFK��WKRXJK�

WKH�DERYHPHQWLRQHG�OLWHUDWXUH�H[LVWV��DSSO\LQJ�WKH�ILQGLQJV�RI�UHVHDUFK�ZLWKLQ�D�SURIHVVLRQDO�

VHWWLQJ� IDFHV� IXUWKHU� EDUULHUV��$ODPDU� DQG�0HKURWUD� ���11�� EHVW� RXWOLQH� WKLV� LQ� WKHLU� DUWLFOH�

µ%H\RQG�0RQH\EDOO��7KH�UDSLGO\�HYROYLQJ�ZRUOG�RI�VSRUWV�DQDO\WLFV¶�ZKHUH�WKH\�VWDWH��

 “despite the remarkable growth in the amount and variety of data available for examination 

and analysis, the world of sports analytics still faces the same ubiquitous challenge: How to 

get meaningful information into the hands – and minds – of the people who are in a position to 

make effective use of it”. 

$V�WKLV�EDUULHU�VWLOO�H[LVWV�LQ�PDQ\�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV��RQH�RI�WKH�PRWLYDWLRQV�

RI�WKLV�WKHVLV�LQ�SDUW�DWWHPSWV�WR�RYHUFRPH�WKLV�RQJRLQJ�FKDOOHQJH��7KH�RYHUDUFKLQJ�REMHFWLYH�

RI� WKLV� WKHVLV� LV� WR� PRGHO� SOD\HU� SHUIRUPDQFH� GDWD� IRU� RUJDQLVDWLRQDO� GHFLVLRQ� VXSSRUW�
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DSSOLFDWLRQV�LQ�SURIHVVLRQDO�$)��7KLV�WKHVLV�FRQWULEXWHV�WR�WKH�LQFUHDVLQJ�DPRXQW�RI�UHVHDUFK�

IRFXVHG�RQ�PRGHOOLQJ�SOD\HU�SHUIRUPDQFH�GDWD� WR� H[SODLQ� LQGLYLGXDO� SOD\HU�SHUIRUPDQFH� LQ�

WHDP�VSRUWV��ZLWK�WKH�VSHFLILF�LQWHQW�WR�EULGJH�WKH�JDS�EHWZHHQ�UHVHDUFK�DQG�FRPSHWLWLRQ�LQ�$)���

%\�DGDSWLQJ�FRPPRQO\�XVHG�PHWKRGRORJLHV�LQ�RWKHU�G\QDPLF�WHDP�VSRUWV��WKLV�WKHVLV�XWLOLVHV�

DYDLODEOH�SOD\HU�SHUIRUPDQFH�GDWD�WR�FUHDWH�VLPSOLILHG�DQG�REMHFWLYH�DSSOLFDWLRQV�ZKLFK�FDQ�EH�

XVHG�WR�VXSSRUW�GHFLVLRQV�ZKLFK�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV�IDFH��(DFK�RI�WKH�VWXGLHV�

LQ�WKLV�WKHVLV�ORRN�WR�RXWOLQH�KRZ�REMHFWLYH�GHFLVLRQ�VXSSRUW�FDQ�KHOS�WR�RYHUFRPH�WKH�FRPPRQ�

PLVXQGHUVWDQGLQJV�UHODWLQJ�WR�WKH�DELOLW\�WR�LPSURYH�RYHUDOO�RUJDQLVDWLRQDO�GHFLVLRQ�PDNLQJ��

3URYLGLQJ�WKHUH�LV�WKH�RSSRUWXQLW\�DQG�DELOLW\�WR�JHW�WKLV�PHDQLQJIXO�LQIRUPDWLRQ�LQWR�WKH�hands�

RI�NH\�GHFLVLRQ�PDNHUV��WKH�DSSOLFDWLRQV�FUHDWHG�LQ�WKLV�WKHVLV�ZLOO�HQDEOH�WKLV�LQIRUPDWLRQ�WR�

JHW�LQWR�WKH�minds�RI�WKRVH�SHRSOH�LQ�D�SRVLWLRQ�WR�PDNH�HIIHFWLYH�XVH�RI�LW��

�

1.2 Australian Rules football 

$XVWUDOLDQ�5XOHV�IRRWEDOO�LV�DQ�LQYDVLRQ�WHDP�VSRUW�ZKLFK�LV�SOD\HG�RQ�DQ�RYDO�ILHOG�EHWZHHQ�

WZR�RSSRVLQJ�WHDPV�FRQVLVWLQJ�RI����SOD\HUV�HDFK��18�RQ�WKH�ILHOG�DQG�IRXU�LQWHUFKDQJH���)LHOG�

VL]H�YDULHV�LQ�OHQJWK�DQG�ZLGWK��EHWZHHQ�13��DQG�18��PHWUHV�LQ�OHQJWK��DQG�11��DQG�1���PHWUHV�

LQ�ZLGWK���DQG�LV�RXWOLQHG�E\�VSHFLILF�DUHDV��7KHVH�DUHDV�LQFOXGH�WKH�FHQWUH�VTXDUH�DQG�FLUFOH�����

PHWUH�DUFV�IURP�HDFK�JRDO��DV�ZHOO�DV�D�JRDO�VTXDUH�DQG�IRXU�JRDO�SRVWV�DW�HDFK�HQG�RI�WKH�ILHOG�

�WZR�FHQWUDO�SRVWV�DUH�µJRDO�SRVWV¶��ZKLOVW�WKH�RXWVLGH�SRVW�D�µEHKLQG�SRVWV¶���)LJXUH�1�1�RXWOLQHV�

DQ� H[DPSOH� RI� WKHVH� ILHOG�PDUNLQJV� DV� VKRZQ� LQ� WKH� RIILFLDO� ODZV� RI� WKH� JDPH� �$XVWUDOLDQ�

)RRWEDOO� /HDJXH�� ��17��� 7KH� EDOO� LV� PRYHG� DERXW� WKH� JURXQG� E\� NLFNLQJ�� KDQGEDOOLQJ�� RU�

UXQQLQJ�DQG�FDUU\LQJ�WKH�EDOO��7R�NLFN�WKH�EDOO��LW�FDQ�EH�UHOHDVHG�IURP�WKH�SOD\HU¶V�KDQGV�RQWR�

WKHLU�IRRW��RU�DOWHUQDWLYHO\�E\�NLFNLQJ�WKH�EDOO�VWUDLJKW�IURP�WKH�JURXQG��$�KDQGEDOO�LV�DFKLHYHG�
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E\�KROGLQJ�WKH�EDOO�LQ�RQH�KDQG��DQG�VWULNLQJ�LW�ZLWK�D�FORVHG�ILVW�FUHDWHG�E\�WKH�RWKHU�KDQG��

6FRULQJ�LV�DFKLHYHG�E\�NLFNLQJ�WKH�EDOO�EHWZHHQ�WKH�JRDO�SRVWV�DW�HLWKHU�HQG�RI�WKH�ILHOG��$�JRDO�

�ZRUWK�VL[�SRLQWV��LV�VFRUHG�ZKHQ�WKH�DWWDFNLQJ�WHDP�NLFNV�WKH�EDOO�RYHU�WKH�JRDO�OLQH��ZKLFK�LV�

RXWOLQHG�EHWZHHQ�WKH�WZR�FHQWUDO�JRDO�SRVWV��$�EHKLQG��ZRUWK�RQH�SRLQW���LV�VFRUHG�ZKHQ�WKH�

DWWDFNLQJ�WHDP�NLFNV�WKH�EDOO�RYHU�RQH�RI�WKH�EHKLQG�OLQHV��ZKLFK�DUH�RXWOLQHG�EHWZHHQ�RQH�RI�

WKH�FHQWUDO�JRDO�SRVWV�DQG�WKH�DGMDFHQW�EHKLQG�SRVW��$OWHUQDWLYHO\��LI�WKH�EDOO�VWULNHV�HLWKHU�RI�

WKH�JRDO�SRVWV��RU�WUDYHOV�RYHU�HLWKHU�WKH�JRDO�OLQH�RU�EHKLQG�OLQHV��EXW�ZDV�ODVW�WRXFKHG�E\�WKH�

RSSRVLWLRQ��RU�E\�D�ERG\�SDUW�RWKHU�WKDQ�WKH�IRRW�RI�WKH�DWWDFNLQJ�WHDP��LW�DOVR�FRXQWV�DV�D�EHKLQG��

&RPSDUHG� WR� PRVW� RWKHU� LQYDVLRQ� WHDP� VSRUWV�� SOD\� LV� OHVV� VWUXFWXUHG�� ZLWK� SOD\HUV� QRW�

FRQVWUDLQHG�E\�DQ�RIIVLGH�UXOH��L�H���VRFFHU�DQG�UXJE\���RU�UHVWULFWHG�WR�FHUWDLQ�ILHOG�]RQHV��L�H���

QHWEDOO���(DFK�PDWFK�FRQVLVWV�RI�IRXU����PLQXWH�TXDUWHUV��ZKHUH�SOD\HUV�FDQ�VXEVWLWXWH�DW�DQ\�

VWDJH��LQ�WKH�$)/��D�URWDWLRQ�FDS�H[LVWV�OLPLWLQJ�HDFK�WHDP�WR�D�PD[LPXP�RI�9��LQWHUFKDQJHV�

SHU�JDPH���7KH�G\QDPLF��ORZ�VWUXFWXUHG�QDWXUH�RI�$)�DOORZV�IRU�SOD\HUV�WR�SHUIRUP�D�YDULHW\�

RI�UROHV�DFURVV�WKH�HQWLUH�ILHOG�RI�SOD\��DQG�UHTXLUHV�WKH�DWKOHWHV�WR�KDYH�D�XQLTXH�SK\VLFDO�SURILOH�

DQG� VHW� RI� WHFKQLFDO� DQG� WDFWLFDO� TXDOLWLHV� �*UD\�	� -HQNLQV�� ��1���:RRGV�� 9HDOH�� )UDQVHQ��

5REHUWVRQ�	�&ROOLHU����18���'HVSLWH�WKLV�G\QDPLF�DQG�ORZ�VWUXFWXUHG�QDWXUH��JHQHUDO�SRVLWLRQDO�

UROHV�GR�H[LVW��DQG�DUH�LPSRUWDQW�FRQVLGHUDWLRQV�IRU�TXDQWLI\LQJ�SHUIRUPDQFH�LQ�$)��)XUWKHU�WR�

WKLV��WKLV�WKHVLV�KDV�LQFOXGHG�DQ�REMHFWLYH�H[SORUDWLRQ�RI�SOD\HU�UROHV�LQ�FKDSWHU�IRXU��

�

�

�

�
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Figure 1.1 Outline of an Australian Rules football playing field.� ‘G’ indicates goal 

posts; ‘B’ indicates behind posts. 

� �
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7KH�$)/�LV�D�PXOWL�ELOOLRQ�GROODU�VSRUWV�LQGXVWU\�ZKLFK�LV�FRQWLQXLQJ�WR�JURZ��*UD\�	�-HQNLQV��

��1����3DUWLFLSDWLRQ�OHYHOV�LQ�$)�DUH�LQFUHDVLQJ��DWWHQGDQFH�DW�$)/�PDWFKHV�LV�DW�DQ�DOO�WLPH�

KLJK��DQG� LQ���1��D� UHFRUG�EUHDNLQJ�GHDO�ZDV�VWUXFN�IRU� WKH�EURDGFDVWLQJ�ULJKWV� �$XVWUDOLDQ�

)RRWEDOO� /HDJXH�� ��18��� 7R� FRLQFLGH� ZLWK� WKHVH� JURZWKV� LV� LQFUHDVLQJ� SOD\HU� SD\PHQWV�

�$XVWUDOLDQ�)RRWEDOO�/HDJXH����18���$V�D�FRPSHWLWLRQ��WKH�$)/�LV�RQH�RI�WKH�PRVW�UHJXODWHG�

SURIHVVLRQDO�VSRUWLQJ�OHDJXHV�LQ�WKH�ZRUOG��ZKHUHE\�WKH�FOXEV�DUH�VXEMHFW�WR�ERWK�D�UHYHUVH�RUGHU�

GUDIW�DQG�D�VDODU\�FDS��&RRN�	�'DYLHV����1����7KH�UHYHUVH�RUGHU�GUDIW�ZDV�LQWURGXFHG�LQWR�WKH�

9LFWRULDQ�)RRWEDOO�/HDJXH��WKH�SUHGHFHVVRU�WR�WKH�$)/��LQ�1986��EDVHG�RQ�WKH�V\VWHP�GHYLVHG�

E\�WKH�1RUWK�$PHULFDQ�FRPSHWLWLRQ�WKH�1DWLRQDO�)RRWEDOO�/HDJXH��'DYLHV�����6���7KH�GUDIW�

VWUXFWXUH�LV�FHQWUHG�RQ�WKH�SULQFLSOH�WKDW�WKH�OHVVHU�SHUIRUPLQJ�WHDPV�IURP�WKH�SUHYLRXV�VHDVRQ�

KDYH�WKH�RSSRUWXQLW\�WR�VHOHFW�ILUVW�IURP�WKH�FXUUHQW�\HDUV�SURVSHFWLYH�UHFUXLWV��ZLWK�WKH�LQWHQWLRQ�

RI� LPSURYLQJ� FRPSHWLWLYH� EDODQFH� �'RZQZDUG� 	� 'DZVRQ�� ������� 7KH� VDODU\� FDS� ZDV�

LPSOHPHQWHG�LQ�1987��DQG�ZDV�VLPLODUO\�LQWURGXFHG�ZLWK�WKH�LQWHQWLRQ�RI�LPSURYLQJ�FRPSHWLWLYH�

EDODQFH� DFURVV� WKH� FRPSHWLWLRQ�� E\� UHJXODWLQJ� ZKDW� FOXEV� FDQ� VSHQG� DQQXDOO\� RQ� SOD\HU�

SD\PHQWV��&RRN�	�'DYLHV����1�����

,Q�DGGLWLRQ�WR�WKH�DERYHPHQWLRQHG�PHDVXUHV��LQ���1��WKH�$)/�WRRN�D�IXUWKHU�VWHS�WR�LPSURYH�

FRPSHWLWLYH�EDODQFH�E\�LPSOHPHQWLQJ�D�µVRIW�FDS¶��ZKLFK�OLPLWV�ZKDW�FOXEV�FDQ�VSHQG�ZLWKLQ�

WKHLU�IRRWEDOO�GHSDUWPHQW��RXWVLGH�RI�SOD\HU�SD\PHQWV��7KLV�LQFOXGHV��EXW�LV�QRW�OLPLWHG�WR���VWDII�

ZDJHV��L�H��� FRDFKHV��DQDO\VWV��PHGLFDO�� ILWQHVV�� UHFUXLWLQJ��DGPLQLVWUDWLRQ�� ILQDQFH�SHUVRQQHO�

LQYROYHG�LQ�FRQWUDFW�QHJRWLDWLRQV��SURSHUW\�VWHZDUGV���IXQGLQJ�IRU�DQ�DIILOLDWH�VHFRQGDU\�OHDJXH�

WHDP��L�H���D�WHDP�FRPSHWLQJ�LQ�WKH�9LFWRULDQ�)RRWEDOO�/HDJXH��1RUWK�(DVW�$XVWUDOLDQ�)RRWEDOO�

/HDJXH��:HVW� $XVWUDOLDQ� )RRWEDOO� /HDJXH� RU� 6RXWK� $XVWUDOLDQ� 1DWLRQDO� )RRWEDOO� /HDJXH���

WHFKQRORJ\��IRRWEDOO�DQG�J\P�HTXLSPHQW��FRQVXOWDQWV�DQG�FRPPHUFLDO�OLFHQFHV��L�H���VWDWLVWLF�

SURYLGHUV�� �5\DQ�� ��1����7KLV�KLJK� OHYHO� RI� UHJXODULVDWLRQ�ZLWKLQ� WKH�$)/� LV� DQ� LQWHUHVWLQJ�
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FKDUDFWHULVWLF� RI� WKH� OHDJXH�� DQG� D� SRLQW� RI� GLIIHUHQFH� WR�PDQ\� RWKHU� SURIHVVLRQDO� VSRUWLQJ�

OHDJXHV�DURXQG�WKH�ZRUOG��$V�D�UHVXOW��SURIHVVLRQDO�$)�RUJDQLVDWLRQV�QHHG�WR�FDUHIXOO\�FRQVLGHU�

KRZ� WR� EHVW� XVH� WKHLU� UHVRXUFHV� WR�PD[LPLVH� WKHLU� FRPSHWLWLYH� DGYDQWDJH� �*UD\�	� -HQNLQV��

��1����7KLV�LV�WXUQ�KDV�VLJQLILFDQW�LPSOLFDWLRQV�RQ�WKH�UHODWLYH�YDOXH�RI�RUJDQLVDWLRQV�UHO\LQJ�RQ�

REMHFWLYH�GHFLVLRQ�VXSSRUW�DSSOLFDWLRQV��VXFK�DV�WKH�DSSURDFKHV�WDNHQ�LQ�WKLV�WKHVLV��

 

1.3 Outline of research structure 

7KLV� WKHVLV�FRQVLVWV�RI�VHYHQ�FKDSWHUV��&KDSWHU�2QH� LQWURGXFHV� WKH�SUREOHP��DQG�SURYLGHV�D�

MXVWLILFDWLRQ�IRU�WKH�WKHVLV��,W�DOVR�SURYLGHV�VRPH�FRQWH[W�IRU�WKH�VSRUW�RI�$)��ZKLFK�LV�WKH�PDLQ�

IRFXV�IRU�WKLV�WKHVLV��&KDSWHU�7ZR�SURYLGHV�D�UHYLHZ�RI�WKH�OLWHUDWXUH�WKDW�HQFRPSDVVHV�UHOHYDQW�

UHVHDUFK�DQG�LWV�DSSOLFDWLRQ�ZLWKLQ�ERWK�$)�DQG�WKH�EURDGHU�WHDP�VSRUW�ILHOG��&KDSWHU�7KUHH�LV�

WKH�LQLWLDO�VWXG\�RI�WKH�WKHVLV��DQG�DVVHVVHV�WKH�YDOLGLW\�RI�WKH�$)/�3OD\HU�5DWLQJV�PHWULF��7KLV�

VWXG\� DOVR� VHUYHV� WR� RXWOLQH� WKH� VXLWDELOLW\� RI� WKH�$)/�3OD\HU�5DWLQJV�PHWULF� IRU� XVH� DV� DQ�

REMHFWLYH�PHDVXUH�RI�SOD\HU�SHUIRUPDQFH�IRU�XVH�LQ�IXUWKHU�VWXGLHV��&KDSWHU�)RXU�LV�WKH�VHFRQG�

VWXG\�LQ�WKH�WKHVLV��DQG�IRFXVHV�RQ�VXSSRUW�IRU�VKRUW�WHUP�RUJDQLVDWLRQDO�GHFLVLRQV��L�H���WKRVH�

EDVHG� RQ� ZLWKLQ� VHDVRQ� SOD\HU� SHUIRUPDQFHV��� &KDSWHU� )LYH� LV� WKH� WKLUG� VWXG\�� DQG� WDUJHWV�

ORQJHU�WHUP�GHFLVLRQ�VXSSRUW��ZKHUH�PXOWLSOH�VHDVRQV�RI�GDWD�DUH�DQDO\VHG��&KDSWHU�6L[�LV�WKH�

FRQFOXGLQJ�VWXG\��DQG�LV�DQ�RYHUDUFKLQJ�VWXG\�ZKLFK�FRPSDUHV�ERWK�VXEMHFWLYH�DQG�REMHFWLYH�

PHDVXUHV�RI�SOD\HU�SHUIRUPDQFH��)LQDOO\��&KDSWHU�6HYHQ�VXPPDULVHV�WKH�ILQGLQJV�RI�WKLV�WKHVLV�

DQG�RXWOLQHV�SUDFWLFDO�DSSOLFDWLRQV�IURP�HDFK�RI�WKH�VWXGLHV�XQGHUWDNHQ��)XUWKHU��LW�VWLSXODWHV�

WKH� IXWXUH� GLUHFWLRQV� RI� UHVHDUFK� LQWR�PRGHOOLQJ� SOD\HU� SHUIRUPDQFH� GDWD� IRU� RUJDQLVDWLRQDO�

GHFLVLRQ�VXSSRUW�LQ�WHDP�VSRUWV��  
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CHAPTER TWO – LITERATURE 

REVIEW 

�

Chapter Overview 

&KDSWHU�7ZR�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�OLWHUDWXUH�UHOHYDQW�WR�WKH�UHVHDUFK�FRQWDLQHG�LQ�WKLV�

WKHVLV��(DFK�VHFWLRQ�ZLOO�LQWURGXFH�LWV�UHOHYDQFH�WR�WKH�WKHVLV�DQG�WKHQ�SURYLGH�D�VXPPDU\�RI�

WKH�UHODWHG�OLWHUDWXUH���

7KLV�FKDSWHU�FRQWDLQV�VHFWLRQV�RXWOLQLQJ�WKH�OLWHUDWXUH�UHOHYDQW�WR�$)��VHFWLRQ���1���SHUIRUPDQFH�

GDWD�LQ�WHDP�VSRUW��VHFWLRQ�������DV�ZHOO�DV�RSHUDWLRQV�UHVHDUFK�DQG�GHFLVLRQ�VXSSRUW�V\VWHPV�LQ�

WHDP�VSRUWV��VHFWLRQ���3���)XUWKHU�VHFWLRQV�LQFOXGH�WKH�OLWHUDWXUH�UHOHYDQW�WR�VWDWLVWLFDO�PRGHOV�

DQG�PDFKLQH�OHDUQLQJ�LQ�VSRUW��VHFWLRQ���4���ORQJLWXGLQDO�UHVHDUFK�LQ�WHDP�VSRUW��VHFWLRQ�������

DV�ZHOO�DV�TXDQWLI\LQJ�WKH�LQGLYLGXDO�LQ�ERWK�WHDP�VSRUWV��VHFWLRQ���6���DQG�VSHFLILFDOO\�LQ�$)�

�VHFWLRQ���7���

�

2.1 Australian Rules football�

7KH�VSRUW�RI�$)�KDV�HYROYHG�VLQFH�LWV�LQLWLDO�LQFHSWLRQ�LQ�WKH�ODWH�18��¶V��%UDKDP�	�6PDOO��

��18��1RUWRQ����16���2YHU�WKH�FRXUVH�RI�LWV�KLVWRU\��WKHUH�KDV�EHHQ�D�FRQWLQXDO�FKDQJH�LQ�WKH�

JDPHSOD\�DQG�WDFWLFV��1RUWRQ����16��1RUWRQ��&UDLJ�	�2OGV��1999��:RRGV��5REHUWVRQ�	�&ROOLHU��

��17��� 7KHUH� KDYH� DOVR� EHHQ� YDULRXV� UXOH� FKDQJHV� �*UD\� 	� -HQNLQV�� ��1���� SURYLGLQJ�



�
1��

�

RSSRUWXQLWLHV� IRU� UHVHDUFKHUV� WR� LGHQWLI\�QHZ� WDFWLFDO� FRQFHSWV� DQG�PHDVXUHV�� ,Q� DGGLWLRQ� WR�

WKHVH�FRQWLQXDO�GHYHORSPHQWV��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�DQG�LPSURYHPHQW�LQ�GDWD�DYDLODELOLW\�

DQG�WHFKQRORJLHV�DVVRFLDWHG�ZLWK�FUHDWLQJ�SHUIRUPDQFH�GDWD�LQ�$)��ZKLFK�KDV�IXUWKHU�SURYLGHG�

YDULRXV�DYHQXHV�IRU�DVVRFLDWHG�UHVHDUFK��*UD\�	�-HQNLQV����1����)XUWKHU��WKH�LPSOHPHQWDWLRQ�

DQG�RQJRLQJ�H[SDQVLRQ�RI�WKH�HOLWH�ZRPHQ¶V�FRPSHWLWLRQ��WKH�$)/:��KDV�DQG�ZLOO�FRQWLQXH�WR�

EULQJ�IXUWKHU�RSSRUWXQLWLHV�IRU�UHVHDUFK�DQG�WKH�DSSOLHG�XWLOLVDWLRQ�RI�SOD\HU�SHUIRUPDQFH�GDWD�

LQ�WKH�VSRUW�RI�$)��%ODFN�HW�DO�����19��&ODUNH�HW�DO�����18��&XVW��(OVZRUWK\�	�5REHUWVRQ����18��

&XVW��6ZHHWLQJ��%DOO��$QGHUVRQ�	�5REHUWVRQ����19���

,Q�$)��WKH�PDMRULW\�RI�UHVHDUFK�XQGHUWDNHQ�WR�GDWH�ZKLFK�KDV�PRGHOOHG�SOD\HU�SHUIRUPDQFH�GDWD�

KDV�IRFXVHG�RQ�HLWKHU�WKH�DELOLW\�WR�H[SODLQ�PDWFK�RXWFRPH��&XVW�HW�DO�����19��5REHUWVRQ��%DFN�

	�%DUWOHWW����1���5REHUWVRQ�HW�DO�����16��<RXQJ��/XR��*DVWLQ��7UDQ�	�'Z\HU����19���RU�LGHQWLI\�

SUHGLFWRUV� RI� LQGLYLGXDO� SOD\HU� SHUIRUPDQFH� �7DQJDORV�� 5REHUWVRQ�� 6SLWWOH� 	�*DVWLQ�� ��1���

:RRGV��5D\QRU��%UXFH��0F'RQDOG�	�&ROOLHU�� ��1����)XUWKHUPRUH�� WKHUH�KDYH�EHHQ�YDULRXV�

VWXGLHV�LQYHVWLJDWLQJ�WKH�SK\VLFDO�UHTXLUHPHQWV�DQG�PRYHPHQW�GHPDQGV�RI�WKH�JDPH��&ODUNH�HW�

DO��� ��18�� *UD\� 	� -HQNLQV�� ��1��� 3LJJRWW�� 0F*XLJDQ� 	� 1HZWRQ�� ��1��� 5LWFKLH�� +RSNLQV��

%XFKKHLW�� &RUG\�	�%DUWOHWW�� ��16��� OHDGLQJ� WR� WKH� GHYHORSPHQW� RI� V\VWHPV� WR� LPSURYH� WKH�

VSHFLILFLW\�RI�WUDLQLQJ�GULOOV��&RUEHWW�HW�DO�����18���DQG�WR�EHWWHU�FRPSUHKHQG�FROOHFWLYH�WHDP�

EHKDYLRXU��$OH[DQGHU��6SHQFHU��0DUD�	�5REHUWVRQ����19��$OH[DQGHU��6SHQFHU��6ZHHWLQJ��0DUD�

	�5REHUWVRQ����19���6LPLODUO\��UXOH�FKDQJHV�VXFK�DV�WKH�QXPHURXV�DGMXVWPHQWV�WR�WKH�SOD\HU�

URWDWLRQ� OLPLWV� �WKLUG� LQWHUFKDQJH� SOD\HU� LQWURGXFHG� LQ� 1994�� IRXUWK� LQWHUFKDQJH� SOD\HU�

LQWURGXFHG� LQ� 1998�� WKUHH� LQWHUFKDQJH� SOD\HUV� DQG� RQH� VXEVWLWXWH� LQWURGXFHG� LQ� ��11�� IRXU�

LQWHUFKDQJH�SOD\HUV�UHLQWURGXFHG�LQ���14�ZLWK�D�OLPLW�RI�1���URWDWLRQV��IRXU�LQWHUFKDQJH�SOD\HUV�

ZLWK�D�OLPLW�RI�9��URWDWLRQV�LQWURGXFHG�LQ���16���KDV�SURPSWHG�UHVHDUFK�LQWR�JDLQLQJ�D�EHWWHU�

XQGHUVWDQGLQJ�RI�WKH�SK\VLFDO�DFWLYLW\�GHPDQGV�H[SHULHQFHG�E\�SOD\HUV��DOORZLQJ�IRU�HYLGHQFH�
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EDVHG�FKDQJHV�LQ�VWUDWHJLF�PDWFK�SOD\�DQG�SOD\HU�URWDWLRQ�VWUDWHJLHV��'LOORQ��.HPSWRQ��5\DQ��

+RFNLQJ� 	� &RXWWV�� ��18�� 0RQWJRPHU\� 	� :LVEH\�� ��16�� 0RRQH\�� &RUPDFN�� 2¶%ULHQ� 	�

&RXWWV����13���

�

2.2 Performance data in team sport�

3HUIRUPDQFH�GDWD�LQ�WHDP�VSRUW�LV�FRQWLQXDOO\�HYROYLQJ��6DUPHQWR�HW�DO�����14���1RYHO�DVSHFWV�

RI�SHUIRUPDQFH�DUH�FRQWLQXDOO\�EHLQJ�DGGHG�WR�WKH�DOUHDG\�H[WHQVLYH�VHW�RI�WDFWLFDO�SHUIRUPDQFH�

PHDVXUHV� ZKLFK� DUH� FROOHFWHG� LQ� SURIHVVLRQDO� WHDP� VSRUWV� �5HLQ� 	� 0HPPHUW�� ��16���

$GGLWLRQDOO\��LPSURYHPHQWV�LQ�WHFKQRORJ\�KDV�VHHQ�D�FRQFXUUHQW�LQFUHDVH�LQ�WKH�DFFXUDF\�RI�

KRZ�SHUIRUPDQFH�LQGLFDWRUV�DUH�UHSRUWHG��&DUOLQJ��5HLOO\�	�:LOOLDPV�����8���,Q�WKH�PDMRULW\�

RI�WHDP�VSRUWV��VSHFLILFDOO\�LQYDVLRQ�WHDP�VSRUWV��LW�LV�HYLGHQW�WKDW�QRW�DOO�SOD\HUV�DUH�VXEMHFW�WR�

WKH�VDPH�FRQVWUDLQWV��ZKLFK�WKURXJK�WKH�DQDO\VLV�RI�JHQHULF�SHUIRUPDQFH�LQGLFDWRUV�PD\�EH�VHHQ�

WR�HQKDQFH�RU�KLQGHU�FHUWDLQ�LQGLYLGXDOV�FRQWULEXWLRQ�WR�WKH�RYHUDOO�VXFFHVV�RI�WKHLU�WHDP��9LODU��

$UD~MR��'DYLGV�	�7UDYDVVRV����1����7KHVH�FRQVWUDLQWV�FKDQJH�IRU�HDFK�GLIIHUHQW�VSRUW�DQG�FDQ�

EH�FRQFHSWXDOLVHG�DV�VSHFLILF�PDWFK�FRQGLWLRQV�UHODWLQJ�WR�WKH�SDUWLFXODU�LQGLYLGXDO��WKHLU�WDVN�

RU� WKHLU� HQYLURQPHQW� �1HZHOO�� 1986��� 7KH� DZDUHQHVV� RI� WKHVH� FRQVWUDLQWV� KDV� DOORZHG� IRU�

SURIHVVLRQDO� VSRUWLQJ� RUJDQLVDWLRQV� WR� DOLJQ� WKHLU� SUDFWLFHV� ZLWK� WKHRULHV� FRPPRQ� WR� VNLOO�

DFTXLVLWLRQ��:RRGV��-DUYLV�	�0F.HRZQ����19���$Q�H[DPSOH�RI�KRZ�WKLV�KDV�VKDSHG�SURFHVVHV�

LQ�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV�LV�WKURXJK�LPSURYLQJ�UHSUHVHQWDWLYH�GHVLJQV�RI�SUDFWLFH�

HQYLURQPHQWV� �%URZQH�� 6ZHHWLQJ�� 'DYLGV� 	� 5REHUWVRQ�� ��19�� &RUEHWW� HW� DO��� ��18��� $Q�

LQFUHDVHG� FROOHFWLRQ� DQG� DQDO\VLV� RI� SHUIRUPDQFH� GDWD� DW� WUDLQLQJ� VHVVLRQV� FDQ� OHDG� WR� DQ�

LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�VSHFLILFLW\�RI�SDUWLFXODU�GULOOV�WR�PDWFK�SOD\��7KLV�LQ�WXUQ�DOORZV�
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IRU�WUDLQLQJ�DFWLYLWLHV�WR�EH�GHVLJQHG�WR�RIIHU�D�FORVHU�UHSUHVHQWDWLRQ�RI�WKH�EHKDYLRXUV�GXULQJ�D�

PDWFK��&RUEHWW�HW�DO�����18��:RRGV�HW�DO�����19���

7KH�LQFUHDVH�DQG�LPSURYHPHQW�RI�SHUIRUPDQFH�GDWD�RYHU�WKH�SDVW�GHFDGH�LV�ODUJHO\�GXH�WR�WKH�

WR�SURJUHVV�PDGH�LQ�WKH�GHYHORSPHQW�RI�SOD\HU�WUDFNLQJ�WHFKQRORJLHV��5HLQ�	�0HPPHUW����16���

7KHVH�WHFKQRORJLHV�DUH�XVHG�WR�HVWLPDWH�DQ�DWKOHWH¶V�SRVLWLRQ�UHODWLYH�WR�WKH�FRRUGLQDWHV�RI�WKH�

SOD\LQJ� DUHD�� 7KH� UHVXOWDQW� GDWD� FDQ� WKHQ� EH� XVHG� WR� FDOFXODWH� PHDVXUHV� RI� GLVSODFHPHQW��

YHORFLW\�DQG�DFFHOHUDWLRQ�RYHU�D�JLYHQ�HSRFK��$XJKH\����11���$V�VXFK��LW�LV�QRZ�FRQYHQWLRQDO�

SUDFWLFH� IRU� SURIHVVLRQDO� VSRUWLQJ� OHDJXHV� WR� FROOHFW� SHUIRUPDQFH� GDWD� RQ� ERWK� WKH� ZKDW�

�WHFKQLFDO� SHUIRUPDQFH� LQGLFDWRUV�� DV�ZHOO� DV� WKH�ZKHUH� �VSDWLRWHPSRUDO� SDUDPHWHUV���ZKHQ�

�PDWFK�WLPH�FRQVLGHUDWLRQV���DQG�ZK\�RI�SHUIRUPDQFH�DFWLRQV��*RQoDOYHV��)LJXHLUD��0DomV�	�

6DPSDLR����14��6WHLQ�HW�DO�����17����

9DULRXV�VWXGLHV�ZLWKLQ�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH�UHIHU�WR�WKH�SKHQRPHQRQ�RI�µELJ�GDWD¶�

DQG�LWV�SRWHQWLDO�LPSDFW�RQ�WKH�IXWXUH�RI�SHUIRUPDQFH�DQG�WDFWLFDO�DQDO\VLV�LQ�WHDP�VSRUWV��5HLQ�

	�0HPPHUW����16���7\SLFDOO\�� WKH�WHUP�ELJ�GDWD�LV�DVVRFLDWHG�ZLWK�WKH�YROXPH��YDULHW\�DQG�

YHORFLW\�RI�GDWD��1RRU��+ROPEHUJ��*LOOHWW�	�*ULJRULDGLV����1����+RZHYHU��WKH�WHUP�YHUDFLW\�KDV�

DOVR�EHHQ�DVVRFLDWHG�ZLWK�WKH�H[SUHVVLRQ��%XKO��5|JOLQJHU��0RVHU�	�+HLGHPDQQ����13��6WHLQ�

HW� DO�����17���:LWKLQ� WKH�FRQWH[W�RI�SHUIRUPDQFH�GDWD� LQ� WHDP�VSRUWV�� WKH�YROXPH�RI�GDWD� LV�

UHODWHG�WR�WKH�PDJQLWXGH��LQ�ZKLFK�WKHUH�KDV�EHHQ�FRQWLQXDO�LQFUHDVH��%DUQHV��$UFKHU��+RJJ��

%XVK�	�%UDGOH\�� ��14��%XVK��%DUQHV��$UFKHU��+RJJ�	�%UDGOH\�� ��1���� 7KLV� ULVH� KDV� VHHQ�

SHUIRUPDQFH�GDWD�EHFRPH�PRUH�GHWDLOHG��VSHFLILF�DQG�FROOHFWHG�RQ�D�ZLGHU�UDQJH�RI�SOD\HUV�

�L�H���DW�VHPL�SURIHVVLRQDO��DPDWHXU�DQG�HOLWH�MXQLRU�OHYHOV���%XVK�HW�DO�����1����7KH�YDULHW\�RI�

GDWD�UHIHUV�WR�WKH�GLIIHUHQW�VRXUFHV�DQG�IRUPDWV�LQ�ZKLFK�GDWD�LV�FDSWXUHG�DQG�XWLOLVHG��5HLQ�	�

0HPPHUW����16���6RPH�H[DPSOHV�RI�WKH�GLIIHUHQW�VRXUFHV�RI�GDWD�LQ�DSSOLHG�WHDP�VSRUW�VHWWLQJV�
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LQFOXGHV��SHUIRUPDQFH�LQGLFDWRU�FRXQWV��SRVLWLRQDO�GDWD��DQWKURSRPHWULF�GDWD��YLGHR�FDSWXUH��DV�

ZHOO�DV�ERWK�KHDOWK�DQG�SV\FKRORJLFDO�UHFRUGV��7KH�IRUPDW�RI�WKHVH�GDWD�VRXUFHV�FDQ�YDU\�IURP�

VWUXFWXUHG��L�H���FOHDU�SUHGHILQHG�VFKHPD�GHVFULELQJ�WKH�GDWD��WR�XQVWUXFWXUHG��L�H���GDWD�ZKLFK�

ODFNV�D�GHILQLWH�VFKHPD���5HLQ�	�0HPPHUW����16��6LQW��6FKDIIHUW��6WURND�	�)HUVWO�����9���7KH�

YHORFLW\�RI�GDWD�UHODWHV�WR�WKH�VSHHG�DW�ZKLFK�WKH�GDWD�LV�EHLQJ�JHQHUDWHG��5HLQ�	�0HPPHUW��

��16���,PSURYHPHQWV�LQ�WHFKQRORJ\�KDYH�DOORZHG�IRU�ODUJH�DPRXQWV�RI�GDWD�WR�EH�JHQHUDWHG�LQ�

UHDO�WLPH��+XWFKLQV����16���7KXV�PHDQLQJ�WKDW�UDZ�GDWD��DV�ZHOO�DV�DSSOLFDWLRQV�JHQHUDWHG�IURP�

WKLV�GDWD�FDQ�EH�DYDLODEOH�IRU�FRDFKHV�DQG�DQDO\VWV�DOPRVW�LQVWDQWDQHRXVO\��/DVWO\��WKH�YHUDFLW\�

RI�GDWD�UHODWHV�WR�WKH�XQFHUWDLQW\�LQ�WKH�GDWD��6WHLQ�HW�DO�����17���6SHFLILFDOO\��DV�WKH�YROXPH��

YDULHW\� DQG� YHORFLW\� RI� WKH� GDWD� DOO� LQFUHDVH�� WKH� FKDOOHQJH� RI� DGHTXDWHO\� PDQDJLQJ� WKH�

XQFHUWDLQW\�LQ�WKH�GDWD�ZLOO�HYLGHQWO\�LQFUHDVH�WR�HQVXUH�WKHUH�LV�QRW�D�UHGXFWLRQ�LQ�WKH�TXDOLW\�

RI�WKH�GDWD��,Q�DGGLWLRQ�WR�WKH�LQFUHDVH�LQ�WKH�YROXPH��YDULHW\��YHORFLW\�DQG�YHUDFLW\�RI�GDWD�WKDW�

KDV�FRPH�DERXW��PDQ\�RI� WKH�GDWD�VRXUFHV�DUH�EHFRPLQJ�PRUH�YDOLG�DQG�UHOLDEOH��'L�6DOYR��

&ROOLQV��0F1HLOO�	�&DUGLQDOH�����6��5DPSLQLQL��&RXWWV��&DVWDJQD��6DVVL�	�,PSHOOL]]HUL�����7���

DV�ZHOO�DV�PRUH�UHDGLO\�DYDLODEOH��5HLQ�	�0HPPHUW����16��6WHLQ�HW�DO�����17���

$V�PHQWLRQHG�DERYH��VRPH�RI�WKH�ELJJHVW�LPSURYHPHQWV�LQ�SHUIRUPDQFH�GDWD�LV�ODUJHO\�GXH�WR�

WKH�SURJUHVV�PDGH�LQ�WKH�GHYHORSPHQW�RI�SOD\HU�WUDFNLQJ�GDWD��6DUPHQWR�HW�DO�����14��RXWOLQHG�

WKDW�LQ�UHFHQW�\HDUV�*OREDO�3RVLWLRQLQJ�6\VWHPV��*36��KDYH�LPSURYHG�WR�WKH�H[WHQW�WKDW�WKH�GDWD�

REWDLQHG�LV�QRZ�RI�DGHTXDWH�HQRXJK�WR�VDWLVI\�VFLHQWLILF�VWDQGDUGV��*36�WULDQJXODWH� ORFDWLRQ�

WKURXJK�WKH�PHDVXUHPHQW�RI�WLPH�LW�WDNHV�UDGLR�VLJQDOV�WR�WUDYHO�IURP�PXOWLSOH�VDWHOOLWHV�WR�D�

*36�UHFHLYHU� �$XJKH\����11���7KHUH�KDV�DOVR�EHHQ�DQ� LPSURYHPHQW� LQ� WKH�TXDOLW\�RI�/RFDO�

3RVLWLRQLQJ� 6\VWHPV� �/36��� IRU� XVH� LQ� LQGRRU� VWDGLXPV� �+RSSH�� %DXPJDUW�� 3ROJOD]H� 	�

)UHLZDOG����18���/36�GLIIHU�WR�*36�LQ�WKDW�UDGLR�IUHTXHQF\�LV�XVHG�WR�GHWHUPLQH�ORFDWLRQ�E\�

SRVLWLRQLQJ� DQFKRU� QRGHV� DURXQG� WKH� SOD\LQJ� DUHD� �+HGOH\� HW� DO��� ��1���� $OWKRXJK� SOD\HU�
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WUDFNLQJ� WHFKQRORJLHV� DUH� ZLGHO\� XVHG� LQ� WRGD\¶V� SURIHVVLRQDO� VSRUWLQJ� FRPSHWLWLRQV�� *36�

WHFKQRORJ\�ZDV�RQO\�LQWURGXFHG�LQWR�WKH�$)/�GXULQJ�WKH������VHDVRQ��DQG�D�OLPLW�ZDV�VHW�IRU�

HDFK� WHDP�� DOORZLQJ� ILYH� SOD\HUV� SHU� JDPH� WR� EH�PRQLWRUHG� �*UD\�	� -HQNLQV�� ��1���� 7KLV�

QXPEHU�LQFUHDVHG�IURP�ILYH�WR�WHQ�SOD\HUV�SHU�WHDP�LQ�WKH����9�VHDVRQ���*UD\�	�-HQNLQV����1����

'HVSLWH�PDQ\�VWXGLHV�RXWOLQLQJ�PL[HG�UHVXOWV�UHJDUGLQJ�WKH�DFFXUDF\�DQG�UHOLDELOLW\�RI�*36�DQG�

/36�WHFKQRORJLHV�WR�PHDVXUH�ERWK�WRWDO�GLVWDQFH�DQG�YHORFLW\�LQ�ILHOG�VSRUWV��%XFKKHLW�HW�DO���

��14��+RSSH�HW�DO�����18��5DPSLQLQL�HW�DO�����1����PXFK�RI� WKH�UHVHDUFK�FRQGXFWHG�LQ� WKHVH�

VSRUWV��LQFOXGLQJ�$)��VWLOO�XWLOLVHV�WKHVH�WHFKQRORJLHV�WR�PHDVXUH�WKH�PRYHPHQW�GHPDQGV�DQG�

SK\VLFDO� ORDG� RI� WHDP� VSRUW� DWKOHWHV� IRU� SXUSRVHV� VXFK� DV� WUDLQLQJ� SUHVFULSWLRQ� DQG� GHVLJQ�

�&RUEHWW�HW�DO�����18��&XVW�HW�DO�����18���7KH�LPSURYHPHQW�LQ�SOD\HU�WUDFNLQJ�WHFKQRORJLHV�LV�QRW�

RQO\�OLPLWHG�WR�*36�DQG�/36�WHFKQRORJLHV��,Q���13��WKH�1DWLRQDO�%DVNHWEDOO�$VVRFLDWLRQ��1%$��

LPSOHPHQWHG� YLVLRQ� EDVHG� WUDFNLQJ� V\VWHPV� LQWR� DOO� PDLQ� VWDGLXPV� WR� FDSWXUH� WKH� WZR�

GLPHQVLRQDO� ORFDWLRQ� RI� SOD\HUV� DQG� WKUHH�GLPHQVLRQDO� ORFDWLRQ� RI� WKH� EDOO�� DOORZLQJ� IRU�

UHFRJQLWLRQ�RI�VSHFLILF�DFWLRQV��VXFK�DV�VKRWV��&HUYRQH��'
$PRXU��%RUQQ�	�*ROGVEHUU\����16��

0LQWR����16���9LVLRQ�EDVHG�WUDFNLQJ�V\VWHPV�ZRUN�E\�LQSXWWLQJ�FDPHUD�IRRWDJH�LQWR�FRPSXWHU�

YLVLRQ�VRIWZDUH�WR�H[WUDFW�SRVLWLRQDO�GDWD��6KHUPDQ�	�&UDLJ�����3���,Q�FRPSDULVRQ�WKH�*36�

DQG�/36��YLVLRQ�EDVHG�V\VWHPV�KDYH�WKH�DGYDQWDJH�RI�QRW�UHTXLULQJ�DWKOHWHV�WR�ZHDU�GHYLFHV�WR�

PRQLWRU�ORFDWLRQ��&UDLJ����13���7KH�DGYDQFHV�RI�SOD\HU�WUDFNLQJ�WHFKQRORJLHV�KDYH�DOVR�DOORZHG�

IRU� DQ� LPSURYHPHQW� LQ� WKH� GHYHORSPHQW� RI� YDULRXV� RWKHU� W\SHV� RI� SHUIRUPDQFH� GDWD�� )RU�

H[DPSOH��LW�KDV�SURPSWHG�DQ�LPSURYHPHQW�LQ�VRPH�REMHFWLYH�SOD\HU�SHUIRUPDQFH�UDWLQJ�PRGHOV��

E\� LQFOXGLQJ� IXUWKHU� SRVLWLRQLQJ� G\QDPLFV� WR� PRUH� DFFXUDWHO\� DVVHVV� WKH� YDOXH� RI� DFWLRQV�

�*RQoDOYHV�HW�DO�����14��0HPPHUW��/HPPLQN�	�6DPSDLR����17���$GGLWLRQDOO\��LW�KDV�DOORZHG�

IRU�DQ�LPSURYHG�XQGHUVWDQGLQJ�RI�FROOHFWLYH�WHDP�EHKDYLRXU��$OH[DQGHU��6SHQFHU��0DUD��HW�DO���
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��19�� $OH[DQGHU�� 6SHQFHU�� 6ZHHWLQJ�� HW� DO��� ��19�� *RQoDOYHV�� 0DUFHOLQR�� 7RUUHV�5RQGD��

7RUUHQWV�	�6DPSDLR����16��7UDYDVVRV��'DYLGV��$UD~MR�	�(VWHYHV����13���

2XWVLGH� RI� SOD\HU� WUDFNLQJ� WHFKQRORJLHV�� WKHUH� KDYH� EHHQ� YDULRXV� RWKHU� LPSURYHPHQWV�

SURPSWLQJ� IXUWKHU� GHYHORSPHQW� RI� SHUIRUPDQFH� GDWD� LQ� WHDP� VSRUWV�� 0DQ\� RI� WKHVH�

GHYHORSPHQWV� DUH� VLPLODUO\� DVVRFLDWHG� ZLWK� LPSURYHPHQWV� LQ� WHFKQRORJ\�� 6SHFLILFDOO\�� WKH�

GHYHORSPHQW�RI� FRPSXWHU�YLVLRQ� WHFKQRORJ\�KDV�KDG�DQ� LPSDFW� RQ� WKH� DELOLW\� WR� DFFXUDWHO\�

FDSWXUH� WKH� ELRPHFKDQLFDO� PRYHPHQWV� RI� DWKOHWHV� �*LEOLQ�� 7RU� 	� 3DUULQJWRQ�� ��16���

'HYHORSPHQWV� LQ� VPDUWSKRQH� DQG� WDEOHW� WHFKQRORJ\� KDV� DOORZHG� IRU� LPSURYHPHQWV� LQ� WKH�

YHORFLW\� RI� GDWD�� ZKHUHE\� FRPSOHPHQWDU\� FRPSXWHU� VRIWZDUH� SDFNDJHV� FDQ� EH� XVHG� E\�

SUDFWLWLRQHUV� WR� LPSURYH� WKH� RSSRUWXQLWLHV� IRU� OLYH� GDWD� FROOHFWLRQ� �*LEOLQ� HW� DO��� ��16���

6LPLODUO\�� WKHVH� SRUWDEOH� WHFKQRORJLHV� KDYH� DOORZHG� IRU� DGGLWLRQDO� RSSRUWXQLWLHV� IRU� UHPRWH�

DWKOHWH�GDWD�FROOHFWLRQ��L�H���ZHOOQHVV�GDWD���*LEOLQ�HW�DO�����16���

:LWK�WKH�RQJRLQJ�GHYHORSPHQW�RI�SHUIRUPDQFH�GDWD�LQ�WHDP�VSRUWV��WKHUH�DUH�YDULRXV�DYHQXHV�

ZKLFK� FDQ� FRQWLQXH� WR� EH� H[SORUHG� LQ� WKH� DUHD� RI� PRGHOOLQJ� SOD\HU� SHUIRUPDQFH� GDWD��

6SHFLILFDOO\��WKH�GHYHORSPHQW�RI�WKH�RIILFLDO�µ$)/�3OD\HU�5DWLQJV¶��RXWOLQHG�LQ�IXUWKHU�GHWDLO�LQ�

VHFWLRQ���7�3���KDV�DOORZHG�IRU�WKH�VWXGLHV�LQ�WKLV�WKHVLV�WR�H[SORUH�KRZ�SOD\HU�SHUIRUPDQFH�FDQ�

EH�PRGHOOHG�IURP�WKH�SHUVSHFWLYH�RI�KRZ�PXFK�D�SOD\HU� LPSURYHV� WKH� ILHOG�HTXLW\� IRU� WKHLU�

WHDP��7KH�IROORZLQJ�VHFWLRQV�RI�WKLV�UHYLHZ�ZLOO�GLVFXVV�WKH�UHOHYDQW�OLWHUDWXUH�UHJDUGLQJ�KRZ�

WKH�SHUIRUPDQFH�GDWD�LQ�WHDP�VSRUW�LV�DQDO\VHG�DQG�XVHG�E\�ERWK�UHVHDUFKHUV�DQG�DSSOLHG�VSRUW�

VFLHQWLVWV�DQDO\VWV���

�

�
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2.3 Operations research and decision support systems in team sports�

2SHUDWLRQDO�UHVHDUFK�LV�WKH�DSSOLFDWLRQ�RI�VWDWLVWLFDO�PHWKRGV�WR�SUREOHPV�RI�PDNLQJ�GHFLVLRQV�

�0DUORZ�� ��13��� 7KHUH� KDV� EHHQ� FRQVLGHUDEOH� OLWHUDWXUH� WKDW� WDUJHWV� WDFWLFDO� DQG� VWUDWHJLF�

DSSOLFDWLRQV� RI� RSHUDWLRQDO� UHVHDUFK� LQ� LQGLYLGXDO� DQG� QRQ�FRQWLQXRXV� WHDP� VSRUWV�� 6RPH�

H[DPSOHV� LQFOXGH�DVVHVVLQJ� WKH�SHUIRUPDQFH�RI�SURIHVVLRQDO� WHQQLV�SOD\HUV�E\�DQDO\VLQJ� WKH�

HIILFLHQF\�RI�WKHLU�JDPH��5XL]��3DVWRU��	�3DVWRU����13���HYDOXDWLQJ�SHUIRUPDQFH�RI�JROIHUV�E\�

LGHQWLI\LQJ�DUHDV�RI� LQHIILFLHQF\��)ULHG��/DPEULQRV��	�7\QHU�����4���DV�ZHOO�DV�GHWHUPLQLQJ�

RSWLPDO�EDWWLQJ�RUGHUV��6ZDUW]��*LOO��	�%HDXGRLQ�����6��DQG�SOD\HU�VHOHFWLRQ��%DUU�	�.DQWRU��

���4��LQ�FULFNHW��

,Q�DGGLWLRQ��WKHUH�KDYH�DOVR�EHHQ�DSSOLFDWLRQV�WR�FRQWLQXRXV�WHDP�VSRUWV��,Q�EDVNHWEDOO��&RRSHU��

5XL]��DQG�6LUYHQW�����9��XVHG�D�GDWD�HQYHORSPHQW�DQDO\VLV�WR�VKRZ�WKH�YDOXH�RI�RSHUDWLRQDO�

DVVHVVPHQWV�RI�SOD\HUV�LQ�EDVNHWEDOO��DQG�KRZ�WKH\�FRXOG�EH�LPSOHPHQWHG�LQ�SODFH�RI�FODVVLFDO�

LQGH[HV�� 7KLV� PHWKRGRORJ\� DOORZHG� WKHP� WR� ZHLJKW� SHUIRUPDQFH� IDFWRUV� UHODWLYH� WR� WKHLU�

LPSRUWDQFH�IRU�HDFK�SOD\LQJ�SRVLWLRQ��7KLV�UHVXOWHG� LQ�DQ�DVVHVVPHQW�RI� WKH�HIIHFWLYHQHVV�RI�

SOD\HU�SHUIRUPDQFH�ZLWK�UHVSHFW�WR�WKH�VSHFLILF�FKDUDFWHULVWLFV�RI�WKHLU�SRVLWLRQ��DV�ZHOO�DV�DQ�

HYDOXDWLRQ�UHODWLYH�WR�RWKHU�DVVHVVHG�SOD\HUV��$OVR�LQ�EDVNHWEDOO��0RUHQR�DQG�/R]DQR����14��

DVVHVVHG� WKH� HIILFLHQF\� RI� 1%$� WHDPV� WKURXJKRXW� WKH� ���9���1�� VHDVRQ� XVLQJ� ERWK�

FRQYHQWLRQDO�DQG�QHWZRUN�GDWD�HQYHORSPHQW�DQDO\VLV�DSSURDFKHV��8VLQJ�WKHVH�PHWKRGRORJLHV��

WKLV�VWXG\�ZDV�DEOH�WR�XQFRYHU�VRXUFHV�RI�LQHIILFLHQF\�ZLWKLQ�FHUWDLQ�WHDP¶V�SHUIRUPDQFH�VW\OHV���

$OWKRXJK�WKH�FRQFHSW�RI�GHFLVLRQ�VXSSRUW�VHHPV�LQKHUHQW�� WKH�WHUP¶V�PHDQLQJ�DQG�KRZ�LW� LV�

XVHG�GLIIHUV�GHSHQGLQJ�RQ�WKH�FRQWH[W��%RKDQHF�����1���,Q�WKLV�WKHVLV��GHFLVLRQ�VXSSRUW�UHIHUV�

WR�WKH�XWLOLVDWLRQ�RI�DOO�DYDLODEOH�DQG�UHOHYDQW�GDWD�WR�FRQGXFW�VWUXFWXUHG��PDWKHPDWLFDOO\�EDVHG�

DSSURDFKHV�WR�GHFLVLRQ�PDNLQJ��0RUULVRQ�	�0RRUH��1999���7KH�FRQFHSW�RI�GHFLVLRQ�VXSSRUW�LV�
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RIWHQ� FRXSOHG� ZLWK� GHFLVLRQ� VXSSRUW� V\VWHPV� �%RKDQHF�� ���1��� ZKLFK� DUH� FRPSXWHULVHG�

LQIRUPDWLRQ�V\VWHPV�XVHG�WR�VXSSRUW�GHFLVLRQ�PDNLQJ�DQG�SUREOHP�VROYLQJ�SURFHVVHV��6KLP�HW�

DO��� �������'HFLVLRQ� VXSSRUW� V\VWHPV� HYROYHG� IURP�D� YDULHW\� RI� DUHDV� RI� UHVHDUFK�� RQH� DUHD�

VSHFLILFDOO\�EHLQJ�RUJDQLVDWLRQDO�GHFLVLRQ�PDNLQJ��6KLP�HW�DO����������5HVHDUFK�LQ�WKLV�DUHD�KDV�

SUHGRPLQDQWO\�FRQFHQWUDWHG�RQ�LPSURYLQJ�WKH�HIILFLHQF\�DQG�HIIHFWLYHQHVV�RI�GHFLVLRQ�PDNLQJ�

WKURXJK�WKH�XVH�RI�LQIRUPDWLRQ�WHFKQRORJ\��3HDUVRQ�	�6KLP��199���6KLP�HW�DO����������:LWKLQ�

D�WHDP�EDVHG�VHWWLQJ��WKH�DSSOLFDWLRQ�RI�GHFLVLRQ�VXSSRUW�LV�EDVHG�RQ�WKH�QRWLRQ�WKDW�UDUHO\�ZLOO�

RQH�LQGLYLGXDO�EH�VLPXOWDQHRXVO\�WKH�VWURQJHVW�LQ�DOO�DUHDV�RI�SHUIRUPDQFH�DVVHVVPHQW��%HOWRQ�

	�6WHZDUW���������)XUWKHU�WR�WKLV��LW�LV�HVWDEOLVKHG�WKDW�KXPDQV�DUH�VXVFHSWLEOH�WR�YDULRXV�ELDVHV�

LQ�GHFLVLRQ�PDNLQJ��DQG�KDYH�OLPLWV�WR�WKH�DPRXQW�RI�LQIRUPDWLRQ�WKH\�FDQ�FRPSUHKHQG��*URYH��

=DOG��/HERZ��6QLW]�	�1HOVRQ��������0LOOHU��19�6���9DULRXV�VWXGLHV�LQ�WKH�WHDP�VSRUW�QRWDWLRQDO�

OLWHUDWXUH�KDYH�VXSSRUWHG�WKHVH�QRWLRQV��DV�ZHOO�DV�WKH�DGRSWLRQ�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�LQ�

DSSOLHG�VSRUWLQJ�RUJDQLVDWLRQV��E\�GUDZLQJ�OLQNV�EHWZHHQ�WKHRULHV�RI�FRJQLWLYH�OLPLWDWLRQV�DQG�

GHFLVLRQ�PDNLQJ� �5DDE�� %DU�(OL�� 3OHVVQHU� 	�$UD~MR�� ��18�� 5REHUWVRQ�	� -R\FH�� ��19��� $Q�

H[DPSOH� RI� WKLV� LV� ERXQGHG� UDWLRQDOLW\�� ZKLFK� VXJJHVWV� WKDW� LQ� FRPSOH[� VLWXDWLRQV� DQ�

LQGLYLGXDO¶V� DELOLW\� WR� PDNH� RSWLPDO� GHFLVLRQV� LV� FRQVWUDLQHG� E\� ERWK� FRJQLWLYH� DQG�

HQYLURQPHQWDO� IDFWRUV� �5DDE� HW� DO��� ��18�� 5REHUWVRQ� 	� -R\FH�� ��19�� 6LPRQ�� 19�7��� 6RPH�

H[DPSOHV� RI� WKH� FRJQLWLYH� IDFWRUV� LQFOXGH� WKH� DIRUHPHQWLRQHG� VXVFHSWLELOLW\� WR� ELDVHV� LQ�

GHFLVLRQ�PDNLQJ��DQG�WKH�OLPLWDWLRQV�WR�LQIRUPDWLRQ�SURFHVVLQJ�FDSDFLW\��5REHUWVRQ�	�-R\FH��

��19���(QYLURQPHQWDO� IDFWRUV� LQFOXGH� WKH� FRQVWUDLQWV� WR� WLPH� DQG� UHVRXUFHV� DYDLODEOH� WR� WKH�

GHFLVLRQ� PDNHU� �5REHUWVRQ� 	� -R\FH�� ��19��� %\� DFNQRZOHGJLQJ� WKHVH� FRQVWUDLQWV�� GHFLVLRQ�

VXSSRUW�V\VWHPV�FDQ�EH�XWLOLVHG� WR�SURYLGH�FRQWUDVWLQJ�REMHFWLYH�HYLGHQFH�DV� WR�ZK\�FHUWDLQ�

IDFWRUV�YDULDEOHV�PD\�EH�PRUH�YDOXDEOH�WR�WHDP�SHUIRUPDQFH��
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,Q� PDQ\� VSRUWV�� WHDP� VHOHFWLRQ� DQG� WDOHQW� LGHQWLILFDWLRQ� SURFHVVHV� DUH� SUHGRPLQDQWO\� D�

VXEMHFWLYH� LVVXH� LQYROYLQJ� FRPPRQO\� DFFHSWHG� QRWLRQV�� GLIIHUHQW� KHXULVWLFV� DQG� SDVW�

H[SHULHQFHV�WR�VHOHFW�DQG�IRUP�D�ZHOO�EDODQFHG�WHDP��$KPHG��'HE�	�-LQGDO����13���'HVSLWH�

WKLV��GHFLVLRQ�VXSSRUW�V\VWHPV�KDYH�EHHQ�SUHYLRXVO\�DSSOLHG�ZLWKLQ�D�VSRUWLQJ�FRQWH[W�IRU�WHDP�

VHOHFWLRQ�DQG�WDOHQW�LGHQWLILFDWLRQ�SXUSRVHV��&DOGHU�DQG�'XUEDFK����1���XVHG�GHFLVLRQ�VXSSRUW�

V\VWHPV�WR�LGHQWLI\�ERWK�SHUIRUPDQFH�OHYHOV�LQ�UXJE\�SOD\HUV�DQG�WKH�LPSOLHG�WUDGH�RIIV�WKDW�

RFFXU�ZKHQ�VHOHFWLQJ�FHUWDLQ�SOD\HUV�RYHU�RWKHUV��$GGLWLRQDOO\��WKH�DXWKRUV�HPSKDVLVHG�WKDW�WKH�

DLP� RI� XVLQJ� D� GHFLVLRQ� VXSSRUW� V\VWHP�ZDV� WR� SURYLGH� D� VWUXFWXUHG� IUDPHZRUN� WR� VXSSRUW�

FRDFKHV�LQ�WKHLU�GHFLVLRQ�PDNLQJ�SURFHVV��QRW�UHSODFLQJ�WKH�SURFHVV�DOO�WRJHWKHU��,Q�EDVNHWEDOO��

%DOOÕ�DQG�.RUXNR÷OX����14��XVHG�D�GHFLVLRQ�VXSSRUW�V\VWHP�WR�DVVLVW�ZLWK�WKH�VHOHFWLRQ�RI�MXQLRU�

EDVNHWEDOO�FDQGLGDWHV��%\�DSSO\LQJ�WKH�TXDQWLWDWLYH�SK\VLFDO�DWWULEXWHV�DQG�TXDOLWDWLYH�WHFKQLFDO�

VNLOOV� RI� WKH� FDQGLGDWHV�� WKH\� ZHUH� DEOH� WR� HVWDEOLVK� D� PRGHO� WKDW� REMHFWLYHO\� UDQNHG� WKH�

FDQGLGDWHV� UHODWLYH� WR� ZHLJKWLQJV� JLYHQ� IRU� HDFK� DWWULEXWH� DQG� VNLOO�� ,Q� J\PQDVWLFV�� 3LRQ��

+RKPDQQ��/LX��/HQRLU��DQG�6HJHUV����16��PRGHOOHG�WKH�UHVXOWV�RI�D�PXOWLGLPHQVLRQDO�WDOHQW�

LGHQWLILFDWLRQ� DVVHVVPHQW�� WR� XVH� DV� D� VXSSRUW� PHFKDQLVP� IRU� UHGXFLQJ� WKH� ULVNV� DQG� FRVWV�

DVVRFLDWHG�ZLWK�WDOHQW�LGHQWLILFDWLRQ�DQG�GHYHORSPHQW��7KURXJK�XWLOLVLQJ�SUHGLFWLYH�PRGHOV�WR�

DQDO\VH�WKH�UHVXOWV�RI�WKH�PXOWLGLPHQVLRQDO�WDOHQW�LGHQWLILFDWLRQ�DVVHVVPHQW��UDWKHU�WKDQ�XVLQJ�

FRDFKHV�VXEMHFWLYH�LPSUHVVLRQV�RI�WKHVH�UHVXOWV��3LRQ�HW�DO�����16��IRXQG�WKDW�WKH\�FRXOG�ERWK�

UHGXFH�WKH�ULVN�RI�RYHUORRNLQJ�KLJK�SRWHQWLDO�J\PQDVWV�GXULQJ�WKH�WDOHQW�LGHQWLILFDWLRQ�SURFHVV�

DQG� ORZHU� WKH� ILQDQFLDO� FRVWV� RI� WDOHQW� GHYHORSPHQW��$� IXUWKHU� H[DPSOH� LQFOXGHV�%RRQ� DQG�

6LHUNVPD� ����3��GHYHORSHG�D�GHFLVLRQ� VXSSRUW� V\VWHP� LQ�RUGHU� WR�GHWHUPLQH�RSWLPDO�SOD\HU�

OLQH�XSV� LQ� YROOH\EDOO�� LQFOXGLQJ� ERWK� VWDUWLQJ� SRVLWLRQV� DQG� UDOO\� SRVLWLRQV� UHODWLYH� WR� WKH�

LQGLYLGXDOV�RQ�WKH�FRXUW���
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7KH�UHFXUULQJ�VXJJHVWLRQ�IURP�WKH�OLWHUDWXUH��$KPHG�HW�DO�����13��%KDWWDFKDUMHH�	�6DLNLD����14��

LQGLFDWHV� WKDW� KDYLQJ� REMHFWLYH� PRGHOV� FUHDWHG� IURP� SOD\HU� SHUIRUPDQFH� GDWD� DYDLODEOH� WR�

VXSSRUW�GHFLVLRQV�VXFK�DV�WHDP�VHOHFWLRQ�DQG�SOD\HU�UHFUXLWPHQW�LV�EHQHILFLDO��EXW�VKRXOG�QRW�EH�

FRPSOHWHO\� UHOLHG� XSRQ��5DWKHU�� D� EDODQFH� VKRXOG� EH� IRXQG� E\� XWLOLVLQJ� ERWK� REMHFWLYH� DQG�

VXEMHFWLYH�FULWHULD��3DSSDODUGR��&LQWLD��3HGUHVFKL��*LDQQRWWL�	�%DUDEDVL����17���7KH�UHVHDUFK�

TXHVWLRQV�RXWOLQHG�LQ�WKLV�WKHVLV�ZHUH�IRFXVHG�RQ�DOLJQLQJ�ZLWK�WKHVH�VXJJHVWLRQV��7KH�VWXGLHV�

FRQGXFWHG�IROORZ�VWXG\�GHVLJQV�VLPLODU�WR�WKDW�LQ�WKLV�H[LVWLQJ�OLWHUDWXUH��ZKLOVW�HPSKDVLVLQJ�D�

VSHFLILF�IRFXV�RQ�XWLOLVLQJ�WKH�PHWKRGRORJLHV�DQG�UHVXOWV�DV�REMHFWLYH�GHFLVLRQ�VXSSRUW�WRROV��

UDWKHU�WKDQ�GHFLVLRQ�PDNLQJ�WRROV��$OWKRXJK�WKH�RXWFRPHV�RI�WKLV�WKHVLV�GR�QRW�LQWHQG�WR�GHYHORS�

DXWRPDWHG�GHFLVLRQ�VXSSRUW�V\VWHPV��LW�LV�LPSRUWDQW�WR�HPSKDVLVH�WKH�LPSRUWDQFH�RI�XWLOLVLQJ�

UHOHYDQW� GDWD� DQG� DSSURSULDWH� PHWKRGRORJLHV� DV� REMHFWLYH� VXSSRUW� WRROV� IRU� RUJDQLVDWLRQDO�

GHFLVLRQV��DV�RSSRVHG�WR�EDVLQJ�GHFLVLRQV�VROHO\�RQ�VXEMHFWLYH�QRWLRQV��

$V�RXWOLQHG�LQ�IXUWKHU�GHWDLO�LQ�WKH�VXEVHTXHQW�VHFWLRQ��DQRWKHU�LPSRUWDQW�FRQVLGHUDWLRQ�ZLWK�

WKH�PRGHOOLQJ�DQG�DQDO\VLV�RI�SHUIRUPDQFH�GDWD��LV�WKH�LQWHUSUHWDELOLW\�IRU�WKH�XVHU��$V�VXFK��DQ�

LPSRUWDQW� WRRO� RI� GHFLVLRQ� VXSSRUW� V\VWHPV� LV� WKH� DELOLW\� WR� HIIHFWLYHO\� YLVXDOLVH� DQG�

FRQFHSWXDOLVH�WKH�GDWD��LQ�RUGHU�WR�FRQYH\�D�FOHDU�RYHUYLHZ�RI�WKH�FUXFLDO�LQIRUPDWLRQ�UHTXLUHG�

WR�DVVLVW�NH\�GHFLVLRQV�PDNHUV�LQ�WKHLU�GHFLVLRQ�PDNLQJ�SURFHVVHV��/HJJ�HW�DO�����1���6WHLQ�HW�

DO�����17����
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2.4 Statistical models and machine learning in sport�

:LWK�WKH�ULVH�LQ�ERWK�GHWDLO�DQG�TXDQWLW\�RI�DYDLODEOH�SHUIRUPDQFH�GDWD�LQ�HOLWH�WHDP�VSRUWV��KDV�

FRPH� DQ� LQFUHDVH� LQ� SRSXODULW\� RI� DSSO\LQJ� VWDWLVWLFDO� PRGHOV� DQG� PDFKLQH� OHDUQLQJ�
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PHWKRGRORJLHV�WR�DQDO\VH�DQG�LQWHUSUHW�WHDP�VSRUW�SHUIRUPDQFH�GDWD��5HLQ�	�0HPPHUW����16���

7KLV�LQFOXGHV�D�UDQJH�RI�OLQHDU�DQG�QRQ�OLQHDU�WHFKQLTXHV��HDFK�ZKLFK�VHUYH�YDULRXV�SXUSRVHV�

ZLWKLQ� WHDP�VSRUW� SHUIRUPDQFH� DQDO\VLV� �5REHUWVRQ��%DFN�� HW� DO��� ��1����6SHFLILFDOO\��PDQ\�

QRQ�OLQHDU�PDFKLQH�OHDUQLQJ�PHWKRGRORJLHV�DUH�EHFRPLQJ�HYHU�PRUH�SUHYDOHQW�LQ�WKH�WHDP�VSRUW�

QRWDWLRQDO�OLWHUDWXUH�GXH�WR�WKHLU�DELOLW\�WR�LGHQWLI\�PXOWLSOH�SDWWHUQV�LQ�GDWD�EHWZHHQ�SUHGLFWRU�

YDULDEOHV�DQG�RXWFRPH�YDULDEOHV��'XWW�0D]XPGHU��%XWWRQ��5RELQV�	�%DUWOHWW����11���

2QH�RI�WKH�PDLQ�FRQVLGHUDWLRQV�ZLWK�WKH�DQDO\VLV�RI�SHUIRUPDQFH�GDWD�LQ�WHDP�VSRUW��LV�HQVXULQJ�

WKDW�UHSHDWHG�PHDVXUHV�GDWD�LV�WUHDWHG�DSSURSULDWHO\��+RSNLQV��0DUVKDOO��%DWWHUKDP�	�+DQLQ��

���9���6SHFLILFDOO\��ZKHQ�YDOXHV�DUH�PHDVXUHG�UHSHDWHGO\��L�H���URXQG�WR�URXQG��RU�VHDVRQ�WR�

VHDVRQ��RQ�WKH�VDPH�LQGLYLGXDO��RU�WKH�VDPH�WHDP���WKH\�DUH�W\SLFDOO\�PRUH�VLPLODU�WKDQ�WKDW�RI�

YDOXHV�IURP�GLIIHUHQW�LQGLYLGXDOV��RU�WHDPV���$V�VXFK��WKHVH�YDOXHV�DUH�XVXDOO\�PRUH�SRVLWLYHO\�

FRUUHODWHG�DQG�DUH�WKHUHIRUH�QRW�FRQVLGHUHG�LQGHSHQGHQW��6FKREHU�	�9HWWHU����18���)DLOXUH�WR�

DFFRXQW� IRU� UHSHDWHG� PHDVXUHV� FDQ� UHVXOW� LQ� VWDQGDUG� HUURUV� EHLQJ� XQGHUHVWLPDWHG�� IDOVHO\�

OHDGLQJ�WR�PRUH�VLJQLILFDQW�UHVXOWV��6FKREHU�	�9HWWHU����18��:LOOLDPVRQ��%DQJGLZDOD��0DUVKDOO�

	�:DOOHU��1996���6RPH�VWDWLVWLFDO�PRGHOV�DQG�PDFKLQH�OHDUQLQJ�PHWKRGRORJLHV�FDQ�DFFRXQW�IRU�

WKLV� LQ� WKH� PRGHOOLQJ� SURFHVV�� KRZHYHU�� PDQ\� DOJRULWKPV� DVVXPH� LQGHSHQGHQFH� EHWZHHQ�

REVHUYDWLRQV� �/XVKHU��5RELQV�	�.UHPHU�� ��1���5REHUWVRQ��%DUWOHWW�	�*DVWLQ�� ��17��� ,I� WKH�

LQWHQW�RI� WKH�UHVHDUFK� LV�QRW� WR�DVVHVV� ORQJLWXGLQDO�FKDQJHV�� WKHQ�D�VLPSOH�VXPPDU\�VWDWLVWLF�

DSSURDFK�FDQ�EH�XVHG�WR�DFFRXQW�IRU�WKH�UHSHDWHG�PHDVXUHV��L�H���FDOFXODWH�WKH�PHDQ�IRU�HDFK�

SOD\HU�DFURVV�D�VHDVRQ���$OEHUW��1999���2QH�DOWHUQDWLYH�WR�DYRLG�WKLV�DVVXPSWLRQ�LV�WR�GHYHORS�

VHSDUDWH�PRGHOV�IRU�HDFK�RI�WKH�UHSHDWHG�PHDVXUHV��L�H���VHSDUDWH�PRGHOV�IRU�HDFK�LQGLYLGXDO�RU�

WHDP�� �%DUWOHWW�� 2¶&RQQRU�� 3LWFKIRUG�� 7RUUHV�5RQGD� 	� 5REHUWVRQ�� ��17��� ,Q� DGGLWLRQ� WR�

UHSHDWHG�PHDVXUHV�GDWD��GXH�WR�WKLV�DVVXPSWLRQ�RI�LQGHSHQGHQFH�EHWZHHQ�REVHUYDWLRQV��DQDO\VLV�

PHWKRGRORJLHV�DOVR�QHHG� WR�DFFRXQW� IRU�DQ\�YDULDEOHV�ZLWK�FROOLQHDULW\� �'LFNLQVRQ�	�%DVX��
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������9HWWHU�	�6FKREHU����18���)RU�H[DPSOH�� WKH�YDULDEOHV�DJH�DQG�SOD\LQJ�H[SHULHQFH�DUH�

RXWOLQHG�ODWHU�LQ�WKLV�WKHVLV��ZKLFK�DUH�VKRZQ�WR�KDYH�D�VWURQJ�SRVLWLYH�FRUUHODWLRQ��$V�VXFK��WKH�

YDULDEOHV�ZHUH�DQDO\VHG�VHSDUDWHO\���

$QRWKHU�LPSRUWDQW�FRQVLGHUDWLRQ�LV�WKH�LQWHUSUHWDELOLW\�RI�VSHFLILF�PRGHOV�PHWKRGRORJLHV��DQG�

WKHLU�VXLWDELOLW\�WR�ERWK�DQVZHULQJ�WKH�UHVHDUFK�TXHVWLRQ��DQG�VXEVHTXHQWO\�LPSOHPHQWLQJ�WKH�

ILQGLQJV�ZLWKLQ�D�SURIHVVLRQDO�VHWWLQJ��:KLOVW�VRPH�SDUWLFXODU�PHWKRGRORJLHV�RIWHQ�OHDG�WR�ZHOO�

ILW� DQG� PRUH� DFFXUDWH� RXWFRPHV�� WKLV� RIWHQ� FRPHV� DW� WKH� FRVW� RI� D� ODFN� RI� LQWHUSUHWDELOLW\�

�-RKDQVVRQ��6|QVWU|G��1RULQGHU�	�%RVWU|P����11���$V�VXFK��WKHUH�LV�RIWHQ�D�WUDGH�RII�EHWZHHQ�

LPSURYHG�DFFXUDF\�DQG�LPSURYHG�LQWHUSUHWDELOLW\��-RKDQVVRQ�HW�DO�����11��2IRJKL��=HOH]QLNRZ��

0DF0DKRQ�	�5DDE����13���)RU�H[DPSOH��LPSURYHG�DFFXUDF\�PD\�SRWHQWLDOO\�EH�PRUH�VXLWDEOH�

IRU�SXUSRVHV�VXFK�DV�RXWFRPH�SUHGLFWLRQ��KRZHYHU��LI�WKH�UHVHDUFK�IRFXV�LV�PRUH�FHQWUHG�RQ�WKH�

H[SODQDWLRQ�RI�RXWFRPHV�� LPSURYHG� LQWHUSUHWDELOLW\�PD\�EH� SUHIHUUHG� �0RUJDQ��:LOOLDPV�	�

%DUQHV����13��5REHUWVRQ��%DFN��HW�DO�����1����

7KHUH� DUH� WZR� GLVWLQFW� YDULDQWV� RI�PDFKLQH� OHDUQLQJ�� VXSHUYLVHG� DQG� XQVXSHUYLVHG�PHWKRGV�

�)LJXUH���1���6XSHUYLVHG�PRGHOV�DUH�FUHDWHG�ZLWK�ERWK�LQSXW�GDWD�DQG�DQWLFLSDWHG�RXWSXWV��L�H���

JLYHV�SOD\HU�SHUIRUPDQFH�GDWD�DQG�WKH�DFWXDO�RXWSXW���2QFH�WUDLQHG��WKH�PRGHO�WKHQ�XVHV�DOO�WKH�

LQSXW�GDWD�WR�DSSUR[LPDWH�WKH�UHODWLRQVKLS�EHWZHHQ�LQSXW�DQG�VSHFLILHG�RXWSXWV��/RYH���������

2Q�WKH�RWKHU�KDQG��XQVXSHUYLVHG�PRGHOV�DUH�FUHDWHG�ZLWK�RQO\�LQSXW�GDWD��DOORZLQJ�WKH�PRGHO�

WR�OHDUQ�WKH�VWUXFWXUH�RI�WKH�GDWD�ZLWKRXW�VSHFLI\LQJ�RXWSXW�YDULDEOHV��/RYH����������
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Figure 2.1 Supervised learning versus unsupervised learning (Mathworks, 2017). 

$�YLWDO�VWHS�ZLWKLQ�WKH�GHYHORSPHQW�RI�VXSHUYLVHG�PRGHOV�LV�WUDLQLQJ�DQG�WHVWLQJ�WKH�PRGHO��RU�

FURVV�YDOLGDWLQJ�RI�WKH�PRGHO��7KH�EDVLF�QRWLRQ�RI�WKHVH�SURFHVVHV�LQYROYHV�EXLOGLQJ�WKH�PRGHO�

RQ�D�SURSRUWLRQ�RI�WKH�GDWD��DQG�WKHQ�WHVWLQJ�LWV�DFFXUDF\��RU�DELOLW\�WR�SUHGLFW�WKH�RXWFRPHV�RQ�

WKH�UHPDLQLQJ�SURSRUWLRQ��%XQNHU�	�7KDEWDK����19���7KLV�SURFHVV�SURPRWHV�WKH�FRQVWUXFWLRQ�

RI� D� EDODQFHG�PRGHO�� DQG� UHGXFHV� WKH� OLNHOLKRRG� RI� WKH�PRGHO� EHLQJ� RYHUILW� WR� WKH� VSHFLILF�

GDWDVHW��5RNDFK�	�0DLPRQ�����8���7KH�WHUP�RYHUILW��RU�RYHUILWWLQJ���UHIHUV�WR�ZKHQ�D�PRGHO�LV�

FRQVWUXFWHG� WR� EH� RYHUO\� VSHFLILF� WR� WKH� FXUUHQW� GDWDVHW�� UHQGHULQJ� LWVHOI� SRWHQWLDOO\� OHVV�

JHQHUDOLVDEOH� WR� SURYLGLQJ� SUHGLFWLRQV�H[SODQDWLRQV� ZLWK� QHZ� GDWD� �0RUJDQ� HW� DO��� ��13��

5RNDFK�	�0DLPRQ�����8���7KRXJK�WKHUH�DUH�YDULRXV�SURFHVVHV�IRU�GRLQJ�WKLV��LW�LV�LPSRUWDQW�

WKDW�IRU�PRGHOV�XVLQJ�ORQJLWXGLQDO�SHUIRUPDQFH�GDWD�WKDW�WKH�PHWKRG�FKRVHQ�PDLQWDLQV�WKH�RUGHU�

RI�WKH�GDWD��5RNDFK�	�0DLPRQ�����8���7KLV�LV�YLWDO�WR�HQVXUH�WKH�FUHDWHG�PRGHO�LV�RQO\�WHVWLQJ�

LWV� DFFXUDF\� EDVHG� RQ� GDWD� DYDLODEOH� EHIRUHKDQG� RQO\� �L�H��� LI� D� GDWDVHW� FRQWDLQV� GDWD� IURP�

PXOWLSOH�\HDUV��LW�LV�LPSRUWDQW�WR�LQFOXGH�GDWD�IURP�HDUOLHU�\HDUV�DV�SDUW�RI�WKH�WUDLQLQJ�VHW��DQG�

WKHQ�GDWD�IURP�ODWHU�\HDUV�DV�WKH�WHVW���
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2XWOLQHG�LQ�WKH�IROORZLQJ�VXEVHFWLRQV�LV�D�UHYLHZ�RI�WKH�PRUH�FRPPRQO\�XVHG�VWDWLVWLFDO�PRGHOV�

DQG�PDFKLQH�OHDUQLQJ�PHWKRGRORJLHV�LQ� WKH�WHDP�VSRUW�QRWDWLRQDO� OLWHUDWXUH��DQG�WKHLU�XVH� WR�

PRGHOOLQJ�SOD\HU�SHUIRUPDQFH�GDWD��7KH�PRGHOV�DQG�PHWKRGRORJLHV�XVHG�ZLWKLQ� WKH�VWXGLHV�

FRQWDLQHG�LQ�WKLV�WKHVLV��&KDSWHUV�7KUHH�WR�6L[��DUH�RXWOLQHG�LQLWLDOO\�DQG�LQ�PRUH�GHWDLO��7KHVH�

DUH�WKHQ�IROORZHG�E\�VRPH�RI�WKH�RWKHU�FRPPRQO\�XVHG�PRGHOV�DQG�PHWKRGV�LQ�WKH�WHDP�VSRUW�

QRWDWLRQDO�OLWHUDWXUH��

2.4.1 Supervised learning�

2.4.1.1 Regression models 

5HJUHVVLRQ� PRGHOV� ORRN� WR� HVWLPDWH� WKH� UHODWLRQVKLS� EHWZHHQ� GHSHQGHQW� DQG� LQGHSHQGHQW�

YDULDEOHV��/LQGOH\��199����6SHFLILFDOO\��WKH\�ORRN�WR�H[SODLQ�WKH�FKDQJHV�LQ�D�GHSHQGHQW�YDULDEOH�

LQ�UHODWLRQ�WR�FKDQJHV�LQ�LQGHSHQGHQW�YDULDEOHV��'UDSHU�	�6PLWK��1998���5HJUHVVLRQ�DQDO\VHV�

KDYH� WKH�DGYDQWDJH�RI�EHLQJ�H[WUHPHO\�IOH[LEOH�� LQ� WKDW� WKHUH�DUH�PDQ\�YDULDQWV� �L�H��� OLQHDU��

ORJLVWLF��SRO\QRPLDO���'UDSHU�	�6PLWK��1998���+RZHYHU��RQH�RI�WKH�PDLQ�GUDZEDFNV�RI�LV�WKH�

DPRXQW�RI�VSHFLILF�DVVXPSWLRQV�WKDW�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW��'UDSHU�	�6PLWK��1998���)RU�

H[DPSOH��D�OLQHDU�UHJUHVVLRQ�DQDO\VLV�DVVXPHV�WKH�GDWD�KDV�QR�KHWHURVFHGDVWLFLW\��QR�RXWOLHUV�

DQG�DVVXPHV�LQGHSHQGHQFH�EHWZHHQ�YDULDEOHV��'UDSHU�	�6PLWK��1998���

'HVSLWH� WKHVH� DVVXPSWLRQV�� UHJUHVVLRQ�PRGHOV� KDYH�EHHQ�XVHG� H[WHQVLYHO\� LQ� WKH� QRWDWLRQDO�

WHDP�VSRUW�DQDO\VLV��6RPH�H[DPSOHV�RI�KRZ�WKH\�FRXOG�EH�XVHG�IRU�GHFLVLRQ�VXSSRUW�RI�IDFWRUV�

ZLWK�D�FRQWLQXRXV�GHSHQGHQW�YDULDEOH�LQFOXGHV�*yPH]��6LOYD��/RUHQ]R��.UHLY\WH�DQG�6DPSDLR�

���17��ZKR�XVHG�PXOWLSOH�OLQHDU�UHJUHVVLRQ�WR�LGHQWLI\�WKH�HIIHFWV�RI�SOD\HU�VXEVWLWXWLRQV�LQ�HOLWH�

EDVNHWEDOO��LQ�UHODWLRQ�WR�FRDFK�FRQWUROOHG��RQ�FRXUW�DQG�VLWXDWLRQDO�YDULDEOHV��$SSOLFDWLRQV�RI�

WKHLU� ILQGLQJV� FRXOG� SURYLGH� D� JUHDWHU� XQGHUVWDQGLQJ� RI� WKH� HIIHFWV� DQG� WLPLQJ� RI� VSHFLILF�
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VXEVWLWXWLRQV��DQG�FRXOG�KHOS�WR�LPSURYH�WKH�VXEVWLWXWLRQ�SDWWHUQ�RI�SOD\HUV��+RSSH��6ORPND��

%DXPJDUW��:HEHU�DQG�)UHLZDOG����1���XVHG�D�VWHSZLVH�PXOWLSOH�OLQHDU�UHJUHVVLRQ�DQDO\VLV�WR�

GHWHUPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�PDWFK�UXQQLQJ�SHUIRUPDQFH�DQG�VHDVRQDO�VXFFHVV�LQ�HOLWH�

(XURSHDQ� VRFFHU� WHDPV�� 7KHLU� PDLQ� ILQGLQJ� LQGLFDWHG� WKDW� WRWDO� GLVWDQFH� FRYHUHG� ZLWK� EDOO�

SRVVHVVLRQ�ZDV�D�SRVLWLYHO\�DVVRFLDWHG�LQGLFDWRU��DQG�FRXOG�EH�XVHG�DV�D�QHZ�NH\�LQGLFDWRU�IRU�

DFKLHYLQJ�VHDVRQ�ORQJ�VXFFHVV��

$OWHUQDWLYHO\��VRPH�H[DPSOHV�RI�RWKHU�UHJUHVVLRQ�PRGHOV�LQFOXGHV�*UDPDF\��-HQVHQ�DQG�7DGG\�

���13��ZKR�XVHG�D�ORJLVWLF�UHJUHVVLRQ�PRGHO�WR�HVWLPDWH�WKH�HIIHFWV�RI�LQGLYLGXDO�SOD\HUV�RQ�

WHDP�JRDO�VFRULQJ�LQ�LFH�KRFNH\��0RGHO�DSSOLFDWLRQV�ZHUH�XVHG�WR�HYDOXDWH�LQGLYLGXDO�SOD\HU�

FRQWULEXWLRQV�� DOORZLQJ� IRU� FRQVLGHUDWLRQV� WR� EH� PDGH� DERXW� D� SOD\HU¶V� YDOXH�� DQG� KRZ� WR�

RSWLPLVH�SOD\HU�PDWFK�XSV�DQG�WHDP�OLQHV��/HLFKW��*yPH]�DQG�:RRGV����17��XVHG�D�ORJLVWLF�

UHJUHVVLRQ� WR� LGHQWLI\�D�XQLTXH�FRPELQDWLRQ�RI�SHUIRUPDQFH� LQGLFDWRUV�ZKLFK�FRXOG�H[SODLQ�

PDWFK� RXWFRPH� LQ� 8�����2O\PSLF�PHQ¶V� EDVNHWEDOO� PDWFKHV�� 7KHVH� UHVXOWV� FRXOG� EH� XVHG�

ZLWKLQ�DQ�DSSOLHG�VHWWLQJ�WR�SURYLGH�FRDFKHV�ZLWK�WKH�FDSDELOLW\�WR�GHYLVH�PDWFK�VWUDWHJLHV�WR�

LPSURYH�WKHLU�OLNHOLKRRG�RI�ZLQQLQJ��:RRGV��6LQFODLU�DQG�5REHUWVRQ����17��XVHG�DQ�RUGLQDO�

UHJUHVVLRQ�DQDO\VLV�WR�VXSSRUW�WKH�UHVXOWV�RI�D�FODVVLILFDWLRQ�WUHH�PRGHO��7KH�DQDO\VLV�IRXQG�D�

XQLTXH�FRPELQDWLRQ�RI�SHUIRUPDQFH�LQGLFDWRUV�SURYLGLQJ�DQ�H[SODQDWLRQ�RI�ODGGHU�SRVLWLRQ�LQ�

UXJE\��7KH�SUDFWLFDO� DSSOLFDWLRQV�RI� WKHLU� VWXG\�RXWOLQHG� WKDW� WKH� ILQGLQJV�FRXOG�EH�XVHG�E\�

FRDFKHV� DQG� DQDO\VWV� WR� GHYHORS� JDPH� VWUDWHJLHV� DQG� WR� DVVLVW� ZLWK� WKH� LPSOHPHQWDWLRQ� RI�

SUDFWLFH�FRQGLWLRQV�WKDW�FRXOG�LQFUHDVH�WKHLU�WHDPV¶�OLNHOLKRRG�RI�VXFFHVV���

5HJUHVVLRQ�PRGHOV�KDYH�DOVR�EHHQ�FRPPRQO\�XVHG�LQ�$)��6SHFLILFDOO\��WKH\�KDYH�EHHQ�XVHG�

IRU�WDOHQW�LGHQWLILFDWLRQ�SXUSRVHV��VXFK�DV�WR�SUHGLFW�GUDIW�VHOHFWLRQ�RU�SOD\LQJ�VWDWXV�RI�HOLWH�DQG�

VXE�HOLWH�MXQLRUV��EDVHG�RQ�SK\VLRORJLFDO�DQG�DQWKURSRPHWULF�DWWULEXWHV��5REHUWVRQ��:RRGV�	�
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*DVWLQ�� ��1��� :RRGV� HW� DO��� ��1���� )XUWKHU� XVH� KDV� FHQWUHG� DURXQG� DVVHVVLQJ� WHDP� DQG�

LQGLYLGXDO� SOD\HU� SHUIRUPDQFHV� IURP� SK\VLFDO� FDSDFLW\� DQG� PRYHPHQW� YDULDEOHV� �+LVFRFN��

'DZVRQ��+HDVPDQ�	�3HHOLQJ����1���3LJJRWW�HW�DO�����1����$OWHUQDWLYHO\��5REHUWVRQ��%DFN��HW�

DO�����1���DVVHVVHG�WKH�UHODWLRQVKLSV�EHWZHHQ�WHDP�SHUIRUPDQFH�LQGLFDWRUV�DQG�PDWFK�RXWFRPH��

VXJJHVWLQJ�WKDW�WKH�ILQGLQJV�FRXOG�EH�XVHIXO�LQ�LQIRUPLQJ�VWUDWHJ\�DQG�JDPH�SODQ�GHYHORSPHQW��

,Q� DGGLWLRQ� WR� WUDGLWLRQDO� UHJUHVVLRQ�PRGHOV�� LV� D� VHJPHQWHG�PRGHO� �RWKHUZLVH� NQRZQ� DV� D�

SLHFHZLVH� OLQHDU� PRGHO��� 6HJPHQWHG� PRGHOV� DUH� DQ� H[WHQVLRQ� WR� OLQHDU� UHJUHVVLRQ� PRGHOV��

ZKLFK�H[DPLQH�WKH�GDWD�WR�LGHQWLI\�ZKHWKHU�WZR�RU�PRUH�ILWV�PRUH�DFFXUDWHO\�H[SODLQ�WKH�GDWD�

WUHQG��)UDQVHQ�HW�DO�����17���'HVSLWH�PLQLPDO�XVH�LQ�WKH�WHDP�VSRUWV�QRWDWLRQDO�OLWHUDWXUH��WKHVH�

KDYH�EHHQ�SDUWLFXODUO\�XVHIXO� WR�H[SODLQ�ZKHQ�GHSHQGHQW�YDULDEOHV�VKRZ�VXGGHQ�FKDQJHV� LQ�

WKHLU� UHVSRQVH� WR� WKH�SUHGLFWRU�YDULDEOH�V� �)UDQVHQ�HW�DO�����17���6RPH�VSHFLILF�XVHV� LQFOXGH�

)UDQVHQ� HW� DO�� ���17�� ZKR� XVHG� D� VHJPHQWHG� PRGHO� WR� LGHQWLI\� SHULRGV� RI� LPSURYLQJ� DQG�

GHFOLQLQJ� GHYHORSPHQW� RI� ERWK�PRWRU� FRPSHWHQFH� DQG� SK\VLFDO� ILWQHVV� LQ� KLJK� OHYHO� \RXWK�

VRFFHU�SOD\HUV��$OWHUQDWLYHO\��:RRGV��5REHUWVRQ��HW�DO�����17��XWLOLVHG�D�VHJPHQWHG�PRGHO�IRU�

D�PRUH�KROLVWLF�SXUSRVH��E\�DWWHPSWLQJ�WR�LGHQWLI\�VSHFLILF�SRLQWV�LQ�WLPH�ZKHUH�WKH�$)/�KDV�

VHHQ�DQ�HYROXWLRQ�LQ�JDPH�SOD\��KLJKOLJKWHG�E\�VLJQLILFDQW�VKLIWV�LQ�WHDP�SHUIRUPDQFH�LQGLFDWRU�

FKDUDFWHULVWLFV��6HJPHQWHG�PRGHOV�ZHUH�HPSOR\HG�LQ�WKH�VWXG\�RXWOLQHG�LQ�FKDSWHU�ILYH�RI�WKLV�

WKHVLV��7KLV�SDUWLFXODU�PRGHO�ZDV�XWLOLVHG�LQ�WKLV�VWXG\�DV�D�FRPSOHPHQWDU\�DQDO\VLV�WR�D�OLQHDU�

PRGHO��LQ�RUGHU�WR�LGHQWLI\�LI�DQG�ZKHUH�FKDQJHV�LQ�WKH�WUHQG�RI�WKH�GDWD�RFFXU�ORQJLWXGLQDOO\���

2.4.1.2 Decision tree learning 

'HFLVLRQ�WUHH�PRGHOV�DUH�XVHG�WR�DQDO\VH�ERWK�OLQHDU�DQG�QRQ�OLQHDU�GDWD��FDQ�EH�XVHG�IRU�ERWK�

FODVVLILFDWLRQ�DQG�UHJUHVVLRQ�SUREOHPV��DQG�FDQ�KDQGOH�HLWKHU�FDWHJRULFDO�DQG�FRQWLQXRXV�GDWD�

YDULDEOHV��*XSWD��5DZDW��-DLQ��$URUD�	�'KDPL����17���7KH� WUHHV�GLYLGH�GDWD�SUHGLFWRUV� LQWR�
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PXWXDOO\�H[FOXVLYH�VXEVHWV�RI�QRGHV�WKDW�EHVW�GHVFULEH�WKH�RXWFRPH�RI�WKH�GHSHQGHQW�YDULDEOH�

�.DVV��198�����

9DULRXV�W\SHV�RI�GHFLVLRQ�WUHHV�H[LVW��HDFK�RI�ZKLFK�XVH�GLIIHUHQW�VWDWLVWLFDO�PHDVXUHV�WR�LGHQWLI\�

KRZ�DQG�ZKHUH�WKH�WUHH�VSOLWV��*XSWD�HW�DO�����17���'HSHQGLQJ�RQ�WKH�PRGHO��WUHHV�FDQ�VSOLW�DW�

WKH�GHFLVLRQ�QRGHV�DV�HLWKHU�ELQDU\�RU�QRQ�ELQDU\��PXOWLZD\���ZKHUH�DW�HDFK�GHFLVLRQ�QRGH�WKHUH�

LV�HLWKHU�WZR��RU�PRUH�WKDQ�WZR�EUDQFKHV��UHVSHFWLYHO\��ZKLFK�VSOLW�LQWR�HLWKHU�IXUWKHU�GHFLVLRQ�

QRGHV��RU�D� WHUPLQDO�QRGH��$QWLSRY�	�3RNU\VKHYVND\D����1����)LJXUH�����RXWOLQHV� WKH�EDVLF�

VWUXFWXUH�RI�D�GHFLVLRQ�WUHH��

�

 

Figure 2.2 Basic structure of a decision tree (Jain, 2017). 

7KH�SULPDU\�EHQHILWV�RI�GHFLVLRQ�WUHH�DQDO\VHV�DUH�WKHLU�DELOLW\�WR�DQDO\VH�ERWK�FDWHJRULFDO�DQG�

FRQWLQXRXV� GDWD�� WR� LGHQWLI\� QRQ�OLQHDU� WUHQGV� DQG� WR� KDQGOH� RXWOLHUV� �0RUJDQ� HW� DO��� ��13��

5REHUWVRQ��%DFN��HW�DO�����1����$�IXUWKHU�EHQHILW�RI�WKHLU�XVH�LQ�DQ�DSSOLHG�VHWWLQJ�LV�WKH�HDVH�RI�
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YLVXDO�LQWHUSUHWDWLRQ�E\�OD\�DXGLHQFHV��PDNLQJ�WKHP�SUDFWLFDO�IRU�XVH�IRU�GHFLVLRQ�VXSSRUW�LQ�DQ�

DSSOLHG�VHWWLQJ��5REHUWVRQ��%DFN��HW�DO�����1���5REHUWVRQ��:RRGV��HW�DO�����1����2Q�WKH�RWKHU�

KDQG��WKH�PDLQ�OLPLWDWLRQ�RI�GHFLVLRQ�WUHH�DQDO\VHV�DUH�WKDW�WKH\�GR�QRW�WDNH�LQWR�FRQVLGHUDWLRQ�

WKH�GHSHQGHQF\�RI�REVHUYDWLRQV��+RSNLQV�HW�DO������9���

7ZR�RI�WKH�PRUH�FRPPRQO\�XVHG�PRGHOV�ZLWKLQ�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH�DUH�FKL�

VTXDUHG� DXWRPDWLF� LQWHUDFWLRQ� GHWHFWLRQ� �&+$,'��� DQG� FODVVLILFDWLRQ� DQG� UHJUHVVLRQ� WUHH�

DQDO\VHV� �&$57���&+$,'�DQDO\VHV�EXLOG�QRQ�ELQDU\� WUHHV�XVLQJ� WKH�FKL�VTXDUHG�VWDWLVWLF� WR�

GHQRWH�WKH�LPSRUWDQFH�RI�HDFK�LQGHSHQGHQW�YDULDEOH��$QWLSRY�	�3RNU\VKHYVND\D����1���.DVV��

198���� )RU� FDWHJRULFDO� YDULDEOHV�� WKHUH�ZLOO� EH� D� VXEVHW� RI� VHSDUDWH� QRGHV� IRU� HDFK�YDULDEOH�

ZLWKLQ�WKH�FDWHJRU\��)RU�FRQWLQXRXV�GDWD��QRGHV�DUH�H[SUHVVHG�DV�D�UDQJH��L�H���H[DPSOH�UDQJH�

FRXOG�EH�IURP�1�WR�1����ZKHUH�QRGHV�FRXOG�EH�VSOLW�>1���@��������@������7�@�DQG��7��1��@���)RU�

ERWK�FDWHJRULFDO�DQG�FRQWLQXRXV��HDFK�VXEVHW�FRQVLVWV�RI�WZR�RU�PRUH�QRGHV��DQG�GLVSOD\V�WKH�

SUHGLFWHG�RXWFRPH�IRU�HDFK�YDULDEOH�WKDW�IDOOV�ZLWKLQ�HDFK�YDULDEOH�UDQJH��7KH�PRGHO�LV�FUHDWHG�

E\�ILQGLQJ�WKH�EHVW�SDUWLWLRQ�IRU�HDFK�IHDWXUH��DQG�WKHQ�FRPSDULQJ�HDFK�SUHGLFWRU�WR�VHOHFW�WKH�

EHVW� RQH�� )RU� HDFK� QRGH� RI� WKLV� SUHGLFWRU�� WKH� UHPDLQLQJ� IHDWXUHV� DUH� WKHQ� UH�DQDO\VHG�

LQGHSHQGHQWO\�WR�IXUWKHU�LPSURYH�WKH�PRGHO��.DVV��198����2Q�WKH�RWKHU�KDQG��&$57�DQDO\VHV�

EXLOG�ELQDU\�WUHHV�XVLQJ�WKH�*LQL�,QGH[�WR�VHOHFW�WKH�VSOLWWLQJ�DWWULEXWHV��%UHLPDQ��)ULHGPDQ��

2OVKHQ�	�6WRQH��1984��*XSWD� HW� DO��� ��17���7KH� OHYHO� DW�ZKLFK� WKH� DWWULEXWHV� VSOLW� DUH� WKHQ�

GHWHUPLQHG�E\�WKH�YDOXH�ZKLFK�PD[LPLVHV� WKH�DJUHHPHQW�RI�IXUWKHU�GHFLVLRQ�WHUPLQDO�QRGHV�

ZLWK� UHVSHFW� WR� WKH�GHSHQGHQW�YDULDEOH� �$QWLSRY�	�3RNU\VKHYVND\D����1����$OWHUQDWLYHO\� WR�

&+$,'��DOO�IHDWXUHV�DUH�WKHQ�UH�DQDO\VHG�LQGHSHQGHQWO\�WR�IXUWKHU�LPSURYH�WKH�PRGHO��

:LWKLQ� WKH� WHDP�VSRUW�QRWDWLRQDO�DQDO\VLV� OLWHUDWXUH��GHFLVLRQ�WUHH�PRGHOV�KDYH�EHHQ�XVHG� LQ�

YDULRXV�GLIIHUHQW�VSRUWV��6RPH�H[DPSOH�RI�DSSOLFDWLRQV�LQFOXGHV�*yPH]�HW�DO�����1����ZKR�XVHG�
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D�&+$,'�DQDO\VLV�LQ�EDVNHWEDOO�WR�SUHGLFW�WKH�HIIHFWLYHQHVV�RI�YDULDEOHV�UHODWLQJ�WR�DQ�RIIHQVLYH�

VFUHHQ��LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�DQG�DQWLFLSDWH�UHVSRQVHV�WR�GHIHQVLYH�DFWLRQV��3LVFKHGGD�

���14��XVHG�D�&+$,'�GHFLVLRQ� WUHH� DV� D�SUHGLFWLRQ� WRRO� IRUHFDVW� WKH�PDWFK�RXWFRPH�RI� LFH�

KRFNH\�PDWFKHV�XVLQJ�WUDGLWLRQDO�DQG�DGYDQFHG�VWDWLVWLFV��$GGLWLRQDOO\��0RUJDQ�HW�DO������13��

XVHG�D�ELQDU\�VSOLWWLQJ�GHFLVLRQ�WUHH�WR�GHWHUPLQH�WKH�SUHGLFWLYH�DWWULEXWHV�RI�RQH�RQ�RQH�JDPH�

SOD\�LQ�ILHOG�KRFNH\��LGHQWLI\LQJ�WKDW�VSHHG�GLIIHUHQFH�EHWZHHQ�DWWDFNHU�DQG�GHIHQGHU�ZDV�WKH�

PRVW�LPSRUWDQW�IHDWXUH�GHWHUPLQLQJ�WKH�RXWFRPH���

,Q�$)/�VSHFLILFDOO\��5REHUWVRQ��%DFN��HW� DO�� ���1���XVHG�D�&+$,'�DQDO\VLV�DV�D�QRQ�OLQHDU�

DOWHUQDWLYH� WR� ELQDU\� ORJLVWLF� UHJUHVVLRQ� WR� DVVHVV� WKH� UHODWLRQVKLS� EHWZHHQ� SHUIRUPDQFH�

LQGLFDWRUV�DQG�PDWFK�RXWFRPH�LQ�WKH�$)/��7KH�ILQGLQJV�IURP�WKHVH�UHODWLRQVKLSV�RXWOLQH�ERWK�

WHFKQLFDO�DQG�WDFWLFDO�DSSOLFDWLRQV�ZKLFK�FRXOG�EH�XWLOLVHG�E\�FRDFKHV�DQG�SOD\HU�GHYHORSPHQW�

VWDII� ZLWKLQ� $)� FOXEV�� 6SHFLILFDOO\�� DQ� XQGHUVWDQGLQJ� RI� WKH� SHUIRUPDQFH� LQGLFDWRUV� PRVW�

LPSRUWDQW�WR�PDWFK�RXWFRPH�SURYLGHV�LQVLJKW�LQWR�WKH�DUHDV�RI�WKH�JDPH�WKDW�VKRXOG�EH�WDUJHWHG�

GXULQJ�WUDLQLQJ�VHVVLRQV���

$� VLPLODU� DOWHUQDWLYH� WR� GHFLVLRQ� WUHHV� DUH� GHFLVLRQ� OLVWV�� 'HFLVLRQ� OLVWV� VKDUH� PDQ\� RI� WKH�

VLPLODULWLHV�WR�GHFLVLRQ�WUHHV��KRZHYHU�GHFLVLRQ�OLVWV�KDYH�DQ�LQKHUHQW�RUGHU��ZKHUHE\�WKH�UXOHV�

DUH�WULDOOHG�LQ�D�OLQHDU�PDQQHU��)�UQNUDQ]����17��5LYHVW��1987���$V�DQ�H[DPSOH��LI�WKH�UHVSRQVH�

WR�WKH�ILUVW�GHFLVLRQ�UXOH�LV�µWUXH¶��LW�UHQGHUV�DQ�RXWFRPH�YDULDEOH��LI�WKH�GHFLVLRQ�LV�µIDOVH¶��LW�

UHQGHUV�D�QHZ�UXOH�WKDW�UHPRYHV�DOO�UHVSRQVHV�FRYHUHG�E\�WKH�SUHYLRXV�UXOH�V��)�UQNUDQ]����17���

8QOLNH�GHFLVLRQ�WUHHV��GHFLVLRQ�OLVWV�KDYH�EHHQ�VFDUFHO\�XVHG�ZLWKLQ�WKH�WHDP�VSRUW�QRWDWLRQDO�

OLWHUDWXUH�� 2QH� VSHFLILF� H[DPSOH� LQFOXGHV� WKDW� E\�:RRGV�� 9HDOH�� HW� DO�� ���18��ZKR� XVHG� D�

GHFLVLRQ�OLVW�WR�JHQHUDWH�D�VHW�RI�UXOHV�WR�FODVVLI\�WDOHQW�LGHQWLILHG�MXQLRU�SOD\HUV�LQWR�SOD\LQJ�

SRVLWLRQV�EDVHG�XSRQ�WHFKQLFDO�SHUIRUPDQFH�LQGLFDWRUV��
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7KURXJKRXW�WKLV�WKHVLV��D�GHFLVLRQ�WUHH�RU�GHFLVLRQ�OLVW�DQDO\VLV�ZDV�FRQGXFWHG�LQ�WKUHH�RI�WKH�

IRXU�VWXGLHV��FKDSWHUV�WKUHH��IRXU�DQG�VL[���7KHVH�PRGHOV�ZHUH�HPSOR\HG�LQ�WKHVH�VWXGLHV�GXH�WR�

WKHLU�YHUVDWLOLW\�WR�DQDO\VH�ERWK�FDWHJRULFDO�DQG�FRQWLQXRXV�GDWD��WKHLU�DELOLW\�WR�LGHQWLI\�QRQ�

OLQHDU�WUHQGV�DV�ZHOO�DV��WKHLU�HDVH�RI�YLVXDO�LQWHUSUHWDWLRQ��PDNLQJ�WKHP�SUDFWLFDO�IRU�XVH�LQ�DQ�

DSSOLHG�VHWWLQJ���

2.4.1.3 Mixed effects models 

0L[HG� HIIHFWV� PRGHOV� KDYH� EHHQ� IUHTXHQWO\� XVHG� LQ� WHDP� VSRUW� UHVHDUFK�� DQG� DUH� PRVW�

FRPPRQO\�XVHG�WR�PRGHO�SHUIRUPDQFH�WUDMHFWRULHV�RI�LQGLYLGXDOV�RU�WHDPV��DV�WKH\�DOORZ�IRU�

WKH�H[SODQDWLRQ�RI�D�SHUIRUPDQFH�RXWFRPH�WKURXJK�D�FRPELQDWLRQ�RI�IL[HG�DQG�UDQGRP�HIIHFWV�

�&QDDQ��/DLUG�	�6ODVRU��1997���)L[HG�HIIHFWV�DUH�IDFWRUV�WKDW�DUH�VHHQ�WR�DIIHFW�WKH�HQWLUH�JURXS�

RI� VXEMHFWV� WR� WKH� VDPH�H[WHQW� �&QDDQ�HW� DO��� 1997���&RQYHUVHO\�� UDQGRP�HIIHFWV� DUH� IDFWRUV�

ZKRVH� OHYHOV� DUH� VHHQ� DV� UDQGRP�� DQG� DIIHFW� WKH� SRSXODWLRQ� WR� GLIIHUHQW� H[WHQWV�� ,W� LV� WKHVH�

UDQGRP�HIIHFWV�ZKLFK�DFFRXQW�IRU�WKH�UHSHDWHG�PHDVXUHV�LQ�PL[HG�PRGHOV��&QDDQ�HW�DO���1997���

7KHUH�DUH�YDULRXV�DGYDQWDJHV�WR�XVLQJ�PL[HG�PRGHOV�IRU�DQDO\VLQJ�SHUIRUPDQFH�GDWD�LQ�WHDP�

VSRUWV�� 6SHFLILFDOO\�� XVLQJ� D� OLQHDU� PL[HG� HIIHFWV� PRGHO� DV� RSSRVHG� WR� RWKHU� OLQHDU� EDVHG�

DQDO\VHV��L�H���UHJUHVVLRQ�RU�$129$��LV�WKDW�WKH�LQFRUSRUDWLRQ�RI�UDQGRP�HIIHFWV�LPSURYHV�WKH�

DELOLW\�RI�WKH�IL[HG�HIIHFWV�WR�H[SODLQ�WKH�GHSHQGHQW�YDULDEOH��+RSNLQV�HW�DO������9���WKXV�EHWWHU�

HQDEOLQJ�RXU�DELOLW\�WR�GHVFULEH�KRZ�WKHVH�IL[HG�HIIHFWV�UHODWH�WR�RXWFRPHV��6FKREHU�	�9HWWHU��

��18����

6RPH�UHFHQW�H[DPSOHV�RXWOLQHG�LQ�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH�LQFOXGH�.HPSWRQ��6LURWLF�

DQG�&RXWWV� ���17��ZKR� XVHG� D� OLQHDU�PL[HG�PRGHO� WR� H[DPLQH� GLIIHUHQFHV� LQ� SK\VLFDO� DQG�

WHFKQLFDO�SHUIRUPDQFH�SURILOHV�RI� LQGLYLGXDO�UXJE\�OHDJXH�SOD\HUV�� LQ�RUGHU�WR�GHWHUPLQH�WKH�

HIIHFW�RI�HDFK�SHUIRUPDQFH�YDULDEOH��3K\VLFDO�SHUIRUPDQFH�YDULDEOHV�DQG�WHDP�LGHQWLW\�ZHUH�VHW�
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DV�IL[HG�HIIHFWV��ZKLOVW�LQGLYLGXDO�SOD\HU�LGHQWLW\�ZDV�VHW�DV�D�UDQGRP�HIIHFW�WR�DFFRXQW�IRU�WKH�

GHSHQGHQFH�DULVLQJ�IURP�UHSHDWHG�PHDVXUHPHQWV��5HVXOWV�RI�WKH�VWXG\�LQGLFDWHG�WKDW�WKH�PDLQ�

IDFWRUV�GLIIHUHQWLDWLQJ�EHWZHHQ�VXFFHVVIXO�DQG�XQVXFFHVVIXO�WHDPV�ZDV�SURILFLHQF\�LQ�WHFKQLFDO�

SHUIRUPDQFH� FRPSRQHQWV� DQG�GHIHQVLYH� DFWLRQV��&DVWHOODQR��%ODQFR�9LOODVHxRU� DQG�$OYDUH]�

���11��XVHG�D�PXOWLYDULDWH�PL[HG�PRGHO�WR�DVVHVV�SK\VLFDO�SHUIRUPDQFH�SURILOHV�LQ�HOLWH�VRFFHU�

PDWFK�SOD\��8VLQJ�FRQWH[WXDO�YDULDEOHV�VXFK�DV�PDWFK�ORFDWLRQ�DQG�RSSRQHQW�TXDOLW\��DV�ZHOO�

DV�FRQVLGHULQJ�WKH�WZR�KDOYHV�RI�D�PDWFK�DQG�WKH�SDUWLDO�RU�ILQDO�UHVXOW��WKH�PRGHO�ORRNHG�WR�

GHWHUPLQH�ZKHWKHU� WKHVH� HIIHFWV� GLVSOD\HG� GLIIHUHQFHV� LQ� WKH� SK\VLFDO� GHPDQGV� RI� D�PDWFK��

$SSOLFDWLRQV� RI� WKH� ILQGLQJV� LQGLFDWHG� WKDW� WUDLQLQJ� GHVLJQV� FRQVWUXFWHG� IURP� FRPSHWLWLYH�

SK\VLFDO�GHPDQGV�RI�PDWFK�SHUIRUPDQFH�VKRXOG�FRQVLGHU�HDFK�RI�WKHVH�IDFWRUV�LQ�FRQMXQFWLRQ�

ZLWK�RQH�DQRWKHU��DQG�VKRXOG�EH�FRQVLGHUHG�ZLWK�UHVSHFW�WR�HIIHFWLYH�SOD\LQJ�WLPH��DV�RSSRVHG�

WR�WRWDO�PDWFK�WLPH��$OWHUQDWLYHO\��&DVDOV�DQG�0DUWLQH]����13��HPSOR\HG�D�OLQHDU�PL[HG�PRGHO�

WR�DVVHVV�SOD\HU�SHUIRUPDQFH�LQ�EDVNHWEDOO��E\�FRQVLGHULQJ�PDWFK�SHUIRUPDQFH�LQGLFDWRUV�DQG�

DFFRXQWLQJ� IRU� WKH� UHSHDWHG� PHDVXUHV� RI� LQGLYLGXDO� SOD\HUV�� 7KH� UHVHDUFK� RXWFRPHV� ZHUH�

WZRIROG��ZKHUHE\�WKH\�SURGXFHG�D�PRGHO�WR�TXDQWLI\�WKH�UHODWLYH�FRQWULEXWLRQV�RI�LQGLYLGXDO�

SOD\HUV�ZLWK� UHVSHFW� WR� WHDP�SHUIRUPDQFH�� DV�ZHOO� DV� KLJKOLJKW� WKH�YDULDEOHV�ZKLFK�KDG� WKH�

ODUJHVW�HIIHFW�RQ�WKHLU�YDULDELOLW\�EHWZHHQ�SOD\HUV���

0L[HG�HIIHFWV�PRGHOV�KDYH�DOVR�EHHQ�XVHG�LQ�$)�UHVHDUFK��6SHFLILFDOO\��WKH\�KDYH�EHHQ�XVHG�

UHFXUUHQWO\� WR� DVVHVV� WKH� HIIHFWV� RI� SK\VLFDO� ORDG� DFURVV� D� VHDVRQ� WR� DFFRXQW� IRU� UHSHDWHG�

PHDVXUHV��([DPSOHV�LQFOXGH�5LWFKLH�HW�DO�����16��ZKR�XWLOLVHG�D�OLQHDU�PL[HG�PRGHO�WR�TXDQWLI\�

WKH� WUDLQLQJ�DQG�FRPSHWLWLRQ� ORDG�RI�HOLWH�$)�SOD\HUV��ZKLOVW�DFFRXQWLQJ�IRU�EHWZHHQ�SOD\HU�

HIIHFWV�DQG�GLVWLQFWLYH�SHULRGV�DFURVV�D�IXOO�VHDVRQ��0RQWJRPHU\�DQG�+RSNLQV����13��DOVR�XVHG�

D�OLQHDU�PL[HG�PRGHO�WR�GHWHUPLQH�WKH�HIIHFW�RI�FRPELQHG�JDPH�DQG�WUDLQLQJ�ORDGV�RQ�PXVFOH�

VRUHQHVV�DFURVV�WKH�LPPHGLDWH�GD\V�IROORZLQJ�D�ORDG��$�UDQGRP�HIIHFW�ZDV�VLPLODUO\�XVHG�WR�
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DFFRXQW�IRU�WKH�UHSHDWHG�PHDVXUHV�RI�LQGLYLGXDO�SOD\HU�DFURVV�WKH�VHDVRQ��7KH�DSSOLFDWLRQV�RI�

WKH� ILQGLQJV� IURP� WKHVH� VWXGLHV� FRXOG�SURYLGH�YDOXDEOH� LQIRUPDWLRQ� WR�SURIHVVLRQDO� VSRUWLQJ�

RUJDQLVDWLRQV�E\� LGHQWLI\LQJ� LGHDO�SHULRGV�RI� ORDGLQJ�DQG�XQORDGLQJ�DW�YDULRXV�VWDJHV�RI� WKH�

ZHHN�DQG�VHDVRQ��7KH�LQFOXVLRQ�RI�SOD\HU�LGHQWLW\�DV�D�UDQGRP�HIIHFW�DOORZV�IRU�WKH�SUHVFULSWLRQ�

RI�SHULRGLVHG�WUDLQLQJ�ORDGV�DW�ERWK�D�WHDP�DQG�DQ�LQGLYLGXDO�SOD\HU�OHYHO��

0L[HG�HIIHFWV�PRGHOV�ZHUH�HPSOR\HG�LQ�WKH�WKLUG�DQG�IRXUWK�VWXGLHV�RI�WKLV�WKHVLV��RXWOLQHG�LQ�

FKDSWHUV� ILYH� DQG� VL[��� 7KHVH�PRGHOV�ZHUH� XWLOLVHG� LQ� WKHVH� VWXGLHV� LQ� RUGHU� WR� FRQWURO� WKH�

YDULDELOLW\� FUHDWHG� E\� WKH� UHSHDWHG� PHDVXUHV� RQ� VSHFLILF� SOD\HUV�� 7KLV� WXUQ� DOORZHG� IRU�

LPSURYHPHQWV� LQ� WKH� DELOLW\� RI� WKH� IL[HG� HIIHFWV� WR� H[SODLQ� WKH� GHSHQGHQW� YDULDEOH� �SOD\HU�

SHUIRUPDQFH��DV�RXWOLQHG�E\�SOD\HU�UDWLQJ�PHWULFV���

2.4.1.4 Other supervised statistical models and machine learning methodologies 

*HQHUDOLVHG�HVWLPDWLQJ�HTXDWLRQV��*((��LV�D�VWDWLVWLFDO�DQDO\VLV�WHFKQLTXH�ZKLFK�KDV�EHHQ�XVHG�

WR�GHWHUPLQH� WKH� DVVRFLDWLRQ�RI�SHUIRUPDQFH� LQGLFDWRUV�RQ� ORQJLWXGLQDO� WHDP�DQG� LQGLYLGXDO�

SHUIRUPDQFH��*((�LV�DQ�H[WHQVLRQ�RI�WKH�JHQHUDOLVHG�OLQHDU�PRGHO��DQG�ZDV�ILUVW�XVHG�E\�/LDQJ�

DQG�=HJHU��1986��DV�D�PHWKRG�RI�DQDO\VLQJ�ORQJLWXGLQDO�GDWD��:LWKLQ�WHDP�VSRUW�DQDO\VLV��*((�

LV�SDUWLFXODUO\�XVHIXO�DV� LW� DOORZV� IRU�PXOWLSOH�REVHUYDWLRQV� �+RWKRUQ�	�(YHULWW�����6��� WKXV�

DOORZLQJ�IRU�FRPSDULVRQV�EHWZHHQ�PXOWLSOH�VHDVRQV��EHWZHHQ�PXOWLSOH�WHDPV�LQ�D�FRPSHWLWLRQ�

RU�EHWZHHQ�HDFK�SOD\HU�ZLWKLQ�D�WHDP��$QRWKHU�VWUHQJWK�RI�*((�DQDO\VLV�LV�WKDW�LW�FDQ�EH�XVHG�

WR�PRGHO�FRUUHODWHG�ORQJLWXGLQDO�GDWD��WKDW�KDV�D�QRQ�QRUPDOO\�GLVWULEXWHG�GHSHQGHQW�YDULDEOH�

�+RWKRUQ�	�(YHULWW�����6��=HJHU��/LDQJ�	�$OEHUW��1988��=LHJOHU�	�9HQV����1����'HVSLWH�WKH�

DERYHPHQWLRQHG�EHQHILWV��*((�KDV�EHHQ�XVHG�VFDUFHO\�LQ�WHDP�VSRUW�ZLWKLQ�WKH�VSRUWV�OLWHUDWXUH��

,Q�$)��5REHUWVRQ�HW�DO�����16��XVHG�D�*((�WR�FRQVWUXFW�D�PRGHO�H[SODLQLQJ�PDWFK�RXWFRPH�DV�

D�IXQFWLRQ�RI�LQ�JDPH�SHUIRUPDQFH�LQGLFDWRUV��7KH�*((�ZDV�XVHG�WR�GHWHUPLQH�D�IHDWXUH�VHW�RI�
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WKHVH�SHUIRUPDQFH�LQGLFDWRUV��ZKLOVW�DGMXVWLQJ�IRU�WKH�GHSHQGHQFH�RI�HDFK�WHDP��,Q�JROI��*((�

KDV� EHHQ� XVHG� WR� GHWHUPLQH� WKH� YDOLGLW\� RI� FHUWDLQ� VNLOO� WHVWV� RQ� SOD\HU� DELOLW\�� 5REHUWVRQ��

%XUQHWW�DQG�*XSWD����14��GHYHORSHG�D�PRGHO�WR�GHWHUPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�VNLOO�WHVW�

VFRUHV�� DQG�SHUIRUPDQFH� LQ� FRPSHWLWLRQ��$� IXUWKHU� VWXG\�E\�5REHUWVRQ��*XSWD��.UHPHU�DQG�

%XUQHWW� ���1���XVHG�*((�PRGHOV� WR�GHWHUPLQH�FRQVWUXFW� YDOLGLW\��GLVFULPLQDQW�YDOLGLW\� DQG�

SUHGLFWLYH�YDOLGLW\�RI�PXOWLSOH�VNLOO�WHVWV�WR�DVFHUWDLQ�WKH�DELOLW\�RI�HOLWH�DQG�KLJK�OHYHO�DPDWHXU�

JROIHUV���

5DQGRP�IRUHVWV�DOJRULWKPV�XVH�PXOWLSOH�WUHH�SUHGLFWRUV��HDFK�FRQVLGHULQJ�D�UDQGRP�VXEVHW�RI�

NQRZQ�IHDWXUHV�LQ�RUGHU�WR�JHW�D�PRUH�DFFXUDWH�SUHGLFWLRQ��%UHLPDQ�����1��*RQoDOYHV��&RHOKR�

H�6LOYD��&DUYDOKR�	�*RQoDOYHV����11���/LNH�GHFLVLRQ�WUHHV��UDQGRP�IRUHVWV�DOVR�ZRUN�IRU�ERWK�

FODVVLILFDWLRQ�DQG�UHJUHVVLRQ�SUREOHPV��$�VWUHQJWK�RI�UDQGRP�IRUHVW�DOJRULWKPV�LV�WKHLU�DELOLW\�

WR�FRQVLGHU�QRQ�OLQHDU� LQWHUDFWLRQV�EHWZHHQ�YDULDEOHV� �5REHUWVRQ��6SHQFHU��%DFN�	�)DUURZ��

��19���$GGLWLRQDOO\��WKH\�KDYH�EHHQ�KLJKOLJKWHG�DV�RQH�RI�WKH�PRVW�DFFXUDWH�OHDUQLQJ�DOJRULWKPV�

DYDLODEOH��%UHLPDQ�����1��*XSWD�HW�DO�����17���+RZHYHU��WKH�LPSURYHG�DFFXUDF\�FRPHV�DW�WKH�

FRVW�RI�EHLQJ�OHVV�VLPSOH�WR�LQWHUSUHW��*XSWD�HW�DO�����17���'HVSLWH�WKLV��UDQGRP�IRUHVW�DOJRULWKPV�

KDYH� EHHQ� IUHTXHQWO\� XVHG� LQ� WKH� WHDP� VSRUW� QRWDWLRQDO� OLWHUDWXUH�� ZLWK� WKH� SUHGRPLQDQW�

XWLOLVDWLRQ�EHLQJ�IRU�SUHGLFWLRQ��/RFN�	�1HWWOHWRQ����14��=LPPHUPDQQ��0RRUWK\�	�6KL����13���

6RPH�H[DPSOHV�RI�UDQGRP�IRUHVW�XVH�LQ�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH�LQFOXGHV�/RFN�DQG�

1HWWOHWRQ����14��ZKR�XVHG�D�UDQGRP�IRUHVW�DOJRULWKP�WR�GHWHUPLQH�WKH�ZLQ�SUREDELOLW\�SULRU�WR�

HDFK�SOD\�RI�DQ�1DWLRQDO�)RRWEDOO�/HDJXH�JDPH��7KH�RXWFRPHV�RI�WKLV�DQDO\VLV�DOORZ�IRU�VXSSRUW�

RI� LQ� JDPH� GHFLVLRQV�� VXFK� DV�ZKHWKHU� WR� DFFHSW� RU� GHFOLQH� SHQDOWLHV� EDVHG� RQ� WKH� FXUUHQW�

VLWXDWLRQ�DQG�WKH�FRQWH[W�RI�WKH�JDPH��5DQGRP�IRUHVWV�KDYH�DOVR�EHHQ�XVHG�WR�DVVHVV�LQMXU\�ULVN�

RI� WHDP�VSRUW�DWKOHWHV��ZKHUHE\�D�SUHGLFWLYH�PRGHO�FDQ�EHHQ�FUHDWHG�DQG�XVHG�DV�D�GHFLVLRQ�

VXSSRUW�WRRO�WR�VWUDWHJLFDOO\�PDQDJH�SOD\HUV�PRVW�DW�ULVN�RI�LQMXU\��5RVVL�HW�DO�����18��7DOXNGHU�
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HW� DO��� ��16��� 6RPH� VSHFLILF� H[DPSOHV� LQ� $)� LQFOXGH� 6SHQFHU�� 0RUJDQ�� =HOH]QLNRZ� DQG�

5REHUWVRQ� ���16��ZKR� XWLOLVHG� D� UDQGRP� IRUHVW� DOJRULWKP� WR� LQVSHFW� WKH� LPSRUWDQFH� RI� WKH�

RSSRVLQJ� WHDP� DV� D� YDULDEOH� DPRQJVW� RWKHU� SHUIRUPDQFH� LQGLFDWRUV� ZKHQ� GHVFULELQJ� WKH�

RXWFRPH�RI�PDWFK�TXDUWHUV��5REHUWVRQ�HW�DO�����19��XVHG�D�UDQGRP�IRUHVW�DOJRULWKP�WR�GHYHORS�

D�PRGHO�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�FRQWH[WXDO�FRQVWUDLQWV�RQ�NLFNLQJ�SHUIRUPDQFH��:RRGV��

9HDOH��HW�DO�����18��XVHG�D�UDQGRP�IRUHVW�DOJRULWKP�WR�FODVVLI\�WDOHQW�LGHQWLILHG�MXQLRU�SOD\HUV�

LQWR�SOD\LQJ�SRVLWLRQV�EDVHG�XSRQ�WHFKQLFDO�SHUIRUPDQFH�LQGLFDWRUV���

'LVFULPLQDQW�DQDO\VLV�LV�DQRWKHU�VWDWLVWLFDO�PRGHO�ZKLFK�KDV�EHHQ�DSSOLHG�WR�SHUIRUPDQFH�GDWD�

LQ� WHDP�VSRUWV�� ,W� LV�D� OLQHDU�FODVVLI\LQJ�PHWKRGRORJ\��ZKRVH�SULPDU\�IXQFWLRQ� LV� WR�FODVVLI\�

OHYHOV� RI� DQ� RXWFRPH� �0F/DFKODQ�� ���4��� 1DWXUDOO\�� SRSXODU� DSSOLFDWLRQV� RI� GLVFULPLQDQW�

DQDO\VHV�ZLWKLQ�WKH�WHDP�VSRUWV�QRWDWLRQDO�OLWHUDWXUH�KDYH�EHHQ�WR�XWLOLVH�JDPH�UHODWHG�VWDWLVWLFV�

DQG� SHUIRUPDQFH� LQGLFDWRUV� WR� GLIIHUHQWLDWH� EHWZHHQ� GLIIHUHQW� PDWFK� RXWFRPHV� �&DVWHOODQR��

&DVDPLFKDQD�	�/DJR����1���*yPH]��3pUH]��0ROLN��6]\PDQ�	�6DPSDLR����14��/DJR�3HxDV��

/DJR�%DOOHVWHURV�� 'HOODO� 	�*yPH]�� ��1��� /DJR�3HxDV�� /DJR�%DOOHVWHURV�	� 5H\�� ��11��� $�

VSHFLILF�H[DPSOH�RI�WKLV�LV�*RPH]��*DVSHUL�DQG�/XSR����16��XVHG�D�GLVFULPLQDQW�DQDO\VLV�WR�

LGHQWLI\�ZKLFK� VLWXDWLRQDO�DQG� WDFWLFDO�YDULDEOHV�EHVW�GLIIHUHQWLDWH�ZLQQLQJ�DQG� ORVLQJ� WHDPV�

GXULQJ�WKH�ILQDO�TXDUWHU�RI�FORVHO\�FRQWHVWHG�1%$�JDPHV��7KH�ILQGLQJV�RI�WKLV�VWXG\�DOORZ�IRU�

D� JUHDWHU� XQGHUVWDQGLQJ� RI� WKH� FORVLQJ� VWDJHV� RI� EDVNHWEDOO� JDPHV�� DQG� FRXOG� EH� XWLOLVHG� WR�

LPSURYH�WKH�VSHFLILFLW\�RI�WUDLQLQJ�VHVVLRQV��$OWHUQDWLYHO\��GLVFULPLQDQW�DQDO\VHV�KDYH�XWLOLVHG�

JDPH� UHODWHG� VWDWLVWLFV� WR� GLIIHUHQWLDWH� EHWZHHQ� SOD\LQJ� SRVLWLRQV�� ,Q� EDVNHWEDOO�� 6DPSDLR��

-DQHLUD��,EixH]�DQG�/RUHQ]R�����6��H[DPLQHG�WKH�GLIIHUHQFHV�LQ�JDPH�UHODWHG�VWDWLVWLFV�EHWZHHQ�

HDFK�SRVLWLRQ��ZLWK�WKH�LQWHQWLRQ�RI�LQFUHDVLQJ�WKH�HIIHFWLYHQHVV�RI�SOD\HU�UHFUXLWPHQW�SURFHVVHV�

WKURXJK�DQ�DZDUHQHVV�RI�LPSRUWDQW�SRVLWLRQ�VSHFLILF�SOD\HU�FRQWULEXWLRQV�WR�WHDP�SHUIRUPDQFH��

$QRWKHU� SRSXODU� DSSOLFDWLRQ� RI� GLVFULPLQDQW� DQDO\VHV� KDV� EHHQ� WR� GHWHUPLQH�ZKHWKHU� JDPH�
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UHODWHG�VWDWLVWLFV�DQG�SHUIRUPDQFH�LQGLFDWRUV�FDQ�SUHGLFW�ZKLFK�OHYHO�RI�FRPSHWLWLRQ�SOD\HUV�ZLOO�

EH�VHOHFWHG�WR�SOD\��$Q�H[DPSOH�RI�WKLV�LQFOXGHV�*DEEHWW��-HQNLQV�DQG�$EHUQHWK\����11��ZKR�

XVHG�DQWKURSRPHWULF�DQG�SK\VLRORJLFDO�DWWULEXWHV��DV�ZHOO�DV�WHFKQLFDO�DQG�SHUFHSWXDO�VNLOOV�WR�

SUHGLFW�VHOHFWLRQ�LQ�SURIHVVLRQDO�1DWLRQDO�5XJE\�/HDJXH���

9DULRXV�VWXGLHV�KDYH�XWLOLVHG�GLVFULPLQDQW�DQDO\VHV�LQ�WKH�$)�QRWDWLRQDO�OLWHUDWXUH��VXFK�DV�WKDW�

E\�:RRGV��9HDOH�� HW� DO�� ���18���ZKR�XVHG� LW� DV�D� OLQHDU� DOWHUQDWLYH� WR�ERWK�D� UDQGRP�IRUHVW�

DQDO\VLV�DQG�D�3DUWLDO�GHFLVLRQ�WUHH��3$57��GHFLVLRQ�OLVW��8VLQJ�WHFKQLFDO�VNLOO�LQGLFDWRUV��WKH�

GLVFULPLQDQW�DQDO\VLV� �DQG�RWKHU�DQDO\VHV��GHPRQVWUDWHG�GLIILFXOWO\� LQ�DFFXUDWHO\�FODVVLI\LQJ�

SOD\LQJ� SRVLWLRQ�� LQGLFDWLQJ� WKDW� WDOHQW� LGHQWLILFDWLRQ� SUDFWLFHV� VKRXOG� FRQVLGHU� DGGLWLRQDO�

WDLORUHG� WHFKQLFDO� VNLOO� LQGLFDWRUV� WR� REMHFWLYHO\� LGHQWLI\� MXQLRUV� ZLWK� GLVWLQFWLYH� SRVLWLRQDO�

DWWULEXWHV��)XUWKHU��/H�5RVVLJQRO��*DEEHWW��&RPHUIRUG�DQG�6WDQWRQ����14��XVHG�D�GLVFULPLQDQW�

DQDO\VLV� WR� GHWHUPLQH� WKH� LPSRUWDQFH� RI� SK\VLFDO� FDSDFLW\� DQG� UHSHDW� VSULQW� DELOLW\� WR� WHDP�

VHOHFWLRQ�LQ�HOLWH�$)/�SOD\HUV���

2.4.2 Unsupervised learning�

2.4.2.1 Clustering and other similarity-based methodologies 

&OXVWHULQJ� PHWKRGRORJLHV� DUH� D� JURXS� RI� DQDO\VLV� WHFKQLTXHV� XVHG� WR� SDUWLWLRQ� GDWD� LQWR�

PHDQLQJIXO�VXEJURXSV��)UDOH\�	�5DIWHU\��1998��-DLQ����1����7KHVH�VXEJURXSV�DUH�RUJDQLVHG�

UHODWLYH�WR�WKH�VLPLODULW\��RU�GLVVLPLODULW\��EHWZHHQ�REVHUYDWLRQV��DQG�VXPPDULVH�NH\�IHDWXUHV�

RI� WKH� GDWD� �&ODXVHQ�� ��1���� 6LPLODUO\� WR� GHFLVLRQ� WUHHV�� RQH� RI� WKH� VWUHQJWKV� RI� FOXVWHULQJ�

PHWKRGRORJLHV��SDUWLFXODUO\�IRU�XVH�LQ�DQ�DSSOLHG�VHWWLQJ��LV�WKH�HDVH�RI�YLVXDO�LQWHUSUHWDWLRQ�E\�

OD\�DXGLHQFHV��6PROLĔVNL��:DOF]DN�	�(LQD[���������&OXVWHULQJ�PHWKRGRORJLHV�GHWHUPLQH�WKH�

OHYHO�RI�VLPLODULW\�RI�REVHUYDWLRQV�WKURXJK�D�PHDVXUH�RI�GLVWDQFH��L�H���(XFOLGHDQ��0DQKDWWDQ��
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0DKDODQRELV��3HDUVRQ���7KHUH�DUH�YDULRXV�W\SHV�RI�FOXVWHULQJ�PHWKRGRORJLHV��KRZHYHU��WKH�PRVW�

SURPLQHQW� PHWKRGRORJ\� ZLWKLQ� WKH� WHDP� VSRUW� OLWHUDWXUH� LV� WKH� k�PHDQV� PHWKRG� �2IRJKL��

=HOH]QLNRZ�� 0DF0DKRQ� 	� 5DDE�� ��13��� K�PHDQV� LV� D� SDUWLWLRQLQJ� PHWKRG�� ZKHUHE\� WKH�

QXPEHU�RI�VXEJURXSV�LV�SUH�VSHFLILHG��-DLQ����1����&OXVWHU�FHQWUHV��L�H���FHQWURLGV�RU�PHDQV��DUH�

GHWHUPLQHG��DQG�REVHUYDWLRQV�DUH�WKHQ�SDUWLRQHG�DFFRUGLQJ�WR�WKH�GLVWDQFH�IURP�WKHVH�FHQWUDO�

SRLQWV� �-DLQ�� ��1����&OXVWHU� FHQWUHV� DUH� WKHQ� UH�GHWHUPLQHG�E\� WKH�PHDQ� RI� GLVWDQFHV� RI� DOO�

REVHUYDWLRQV�LQ�WKH�JURXS��DQG�WKHQ�RQFH�DJDLQ�REVHUYDWLRQV�DUH�UH�SDUWLRQHG��-DLQ����1����7KLV�

SURFHVV�LV�UHSHDWHG�XQWLO�WKH�JURXS�FHQWUHV�UHPDLQ�VWDEOH��-DLQ����1�����

6RPH�H[DPSOHV�RI�WKH�XVH�RI�FOXVWHULQJ�PHWKRGRORJLHV�IURP�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH�

LQFOXGH�=KDQJ� HW� DO�� ���18��ZKR� XVHG� D� FRPELQDWLRQ� RI� DQWKURSRPHWULF� FKDUDFWHULVWLFV� DQG�

SOD\LQJ�H[SHULHQFH�WR�FOXVWHU�YDULRXV�W\SHV�RI�1%$�SOD\HUV��7KH�DXWKRUV�XVHG�SOD\HU�WHFKQLFDO�

DQG�SK\VLFDO�SHUIRUPDQFHV�WR�RXWOLQH�D�SOD\HU¶V�VLPLODULW\�WR�WKHLU�FOXVWHU�FHQWURLG��7KH�UHVXOWV�

RI� WKLV� VWXG\� SURYLGH� DQ� XQGHUVWDQGLQJ� RI� WKH� LQIOXHQFH� DQWKURSRPHWULF� FKDUDFWHULVWLFV� DQG�

SOD\LQJ� H[SHULHQFH� KDYH� RQ� WKH� WHFKQLFDO� DQG� SK\VLFDO� SHUIRUPDQFH� RI� 1%$� SOD\HU�� 7KH�

SUDFWLFDO� DSSOLFDWLRQV� RI� WKLV� ZRUN� FRXOG� EH� XVHG� WR� DVVHVV� WHDP� URVWHUV�� DQG� JXLGH� SOD\HU�

UHFUXLWPHQW�VWUDWHJLHV��$QRWKHU�DSSOLFDWLRQ�RI�FOXVWHULQJ�LQFOXGHV�WKDW�E\�*\DUPDWL��.ZDN�DQG�

5RGULJXH]����14��ZKR�XWLOLVHG�ERWK�k�PHDQV�DQG�KLHUDUFKLFDO�FOXVWHULQJ�PHWKRGV�WR�HYDOXDWH�

WKH�VW\OH�RI�SDVVLQJ�VWUXFWXUHV�LQ�(XURSHDQ�VRFFHU�WHDPV��8VLQJ�REVHUYDWLRQV�GHULYHG�IURP�IORZ�

PRWLIV� RI� HDFK� WHDPV� SDVVLQJ� QHWZRUN�� WKH� FOXVWHU� DQDO\VHV� RXWOLQHG� WKH� VLPLODULWLHV� DQG�

GLIIHUHQFHV�EHWZHHQ�WHDPV��7KH�WZR�PHWKRGRORJLHV�LOOXVWUDWHG�VLPLODU�WUHQGV��DQG�HDFK�SURYLGH�

DQ�H[DPSOH�RI�KRZ�RSSRVLWLRQ�WHDP�SOD\LQJ�VW\OHV�FRXOG�EH�DQDO\VHG�LQ�DQ�DSSOLHG�VHWWLQJ��

6RPH�H[DPSOH�DSSOLFDWLRQV�RI�FOXVWHULQJ�PHWKRGRORJLHV�LQ�$)�LQFOXGHV�&RUEHWW�HW�DO�����18��

ZKR�XVHG�D�k�PHDQV�FOXVWHULQJ�DOJRULWKP�WR�RXWOLQH�GULOO�FODVVLILFDWLRQV�UHODWLYH�WR�WKH�SK\VLFDO�
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DQG�VNLOO�UHODWHG�UHTXLUHPHQWV��7ZR�VHSDUDWH�PRGHOV�ZHUH�FUHDWHG�IRU�WKH�SK\VLFDO�DQG�VNLOO�

UHODWHG� UHTXLUHPHQWV�� UHVSHFWLYHO\�� DQG� HDFK� GULOO�ZDV� DVVLJQHG� WR� D� VXEJURXS� EDVHG� RQ� WKH�

SUR[LPLW\� WR� WKH�FOXVWHU�FHQWUH��7KH�RXWFRPHV�RI� WKLV� UHVHDUFK�FRXOG�HDVLO\�EH� LPSOHPHQWHG�

ZLWKLQ�DQ�DSSOLHG�VHWWLQJ�LQ�RUGHU�WR�RSWLPLVH�WHDP�WUDLQLQJ�VHVVLRQV��WKURXJK�VHOHFWLRQ�RI�GULOOV�

ZKLFK� H[KLELW� VSHFLILF� FRQVWUDLQWV� RI� LQWHUHVW�� DQG� WKHLU� VSHFLILFLW\� WR� PDWFK� UHTXLUHPHQWV��

$QRWKHU�H[DPSOH�LQFOXGHV�WKDW�E\�6SHQFHU�HW�DO�����16��ZKR�DOVR�XVHG�D�k�PHDQV�PHWKRGRORJ\�

WR� FOXVWHU� WHDP� SHUIRUPDQFH� DFURVV� HDFK� TXDUWHU� RI� D� PDWFK�� GHULYHG� IURP� D� VXPPDU\� RI�

SHUIRUPDQFH�LQGLFDWRUV��&OXVWHUV�ZHUH�VXEVHTXHQWO\�FRPSDUHG�WR�VFRUH�PDUJLQ�IRU�HDFK�TXDUWHU�

WR�GHWHUPLQH�WKH�VXFFHVV�RI�FOXVWHU�W\SHV��7HDP�SURILOHV�ZHUH�WKHQ�GHYHORSHG�IURP�IUHTXHQF\�

LQ�ZKLFK�WKH\�H[SHULHQFHG�HDFK�FOXVWHU�W\SH��7KH�DSSOLFDWLRQV�RI�WKLV�UHVHDUFK�FRXOG�EH�XVHG�WR�

DVVLVW� ZLWK� WHDP� JDPH� VW\OH� GHVLJQ�� DV� ZHOO� DV� WR� DVVHVV� WHDP� SOD\LQJ� VW\OH� RI� XSFRPLQJ�

RSSRQHQWV��

$OWHUQDWLYHO\�WR�FOXVWHULQJ�PHWKRGRORJLHV��YDULRXV�VWXGLHV�KDYH�EHHQ�GHVLJQHG�XVLQJ�MXVW�WKH�

GLVWDQFH�PHDVXUHV�WR�GHWHUPLQH�WKH�OHYHOV�RI�VLPLODULW\�EHWZHHQ�REVHUYDWLRQV��7KXV��LQVWHDG�RI�

RXWOLQLQJ�WKH�VLPLODULW\�RI�REVHUYDWLRQV�WR�VXEJURXSV��REVHUYDWLRQV�DUH�RXWOLQHG�E\�WKHLU�OHYHO�

RI�VLPLODULW\�WR�DOO�RWKHU�REVHUYDWLRQV��$Q�H[DPSOH�RI�WKLV�W\SH�RI�PHWKRGRORJ\�LQ�$)�LV�WKDW�E\�

-DFNVRQ����16E���ZKR�XVHG�YHFWRU�DQJOHV� WR�GHWHUPLQH� WKH�VLPLODULW\�EHWZHHQ�DOO� LQGLYLGXDO�

SOD\HUV� DFURVV� WKH� $)/�� EDVHG� RQ� WKH� IUHTXHQF\� RI� WHFKQLFDO� DQG� FRQWH[WXDO� PDWFK�

LQYROYHPHQWV��7KH�DSSOLFDWLRQV�RI�WKLV�UHVHDUFK�FRXOG�EH�XVHG�IRU�UHFUXLWLQJ�SXUSRVHV��LQ�RUGHU�

WR�LGHQWLI\�SOD\HUV�ZLWK�VLPLODU�WUDLWV�WR�WKDW�RI�RWKHU�GHVLUHG�SOD\HUV�ZKR�DUH�XQDWWDLQDEOH��7KLV�

FRQFHSW�RI�XVLQJ�GLVWDQFH�PHDVXUHV�WR�GHWHUPLQH�WKH�OHYHOV�RI�VLPLODULW\�EHWZHHQ�REVHUYDWLRQV�

ZDV�DOVR�HPSOR\HG�LQ�WKH�VWXG\�RXWOLQHG�LQ�FKDSWHU�IRXU�RI�WKLV�WKHVLV��6SHFLILFDOO\��(XFOLGHDQ�

GLVWDQFHV�ZHUH�XWLOLVHG�WR�GHWHUPLQH�WKH�OHYHO�RI�VLPLODULW\�EHWZHHQ�SOD\HU�SHUIRUPDQFH�SURILOHV��
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6LPLODULW\�EDVHG�PHWKRGRORJLHV�KDYH� DOVR�EHHQ�XVHG� IRU� VXSHUYLVHG� FODVVLILFDWLRQ�SXUSRVHV��

ZKHUHE\�NQRZOHGJH�DERXW�GDWD�VXEJURXSV�LV�DYDLODEOH�SULRU�WR�PRGHOOLQJ��$Q�H[DPSOH�RI�WKLV�

W\SH�RI�PHWKRGRORJ\�LQ�$)�LV�WKDW�E\�6DUJHQW�DQG�%HGIRUG����1���ZKHUH�SOD\HUV�ZHUH�JURXSHG�

LQWR� SUH�GHWHUPLQHG� SRVLWLRQDO� FDWHJRULHV� EDVHG� 13� JDPH� UHODWHG� SHUIRUPDQFH� YDULDEOHV��

&ODVVLILFDWLRQ�ZDV�GHWHUPLQHG� WKURXJK� WKH� FDOFXODWHG�0DKDODQRELV�GLVWDQFH� IURP�SRVLWLRQDO�

VXEJURXS�FHQWURLGV��7KH�DSSOLFDWLRQV�RI� WKLV� UHVHDUFK�FRXOG�EH�XVHG� WR�FUHDWH�PRUH� VSHFLILF�

SOD\HU�HYDOXDWLRQV��ZKHUHE\�D�SOD\HU
V�LQIOXHQFH�RQ�PDWFK�SHUIRUPDQFH�LV�DVVHVVHG�EDVHG�RQ�

SRVLWLRQ�VSHFLILF�HOHPHQWV��

2.4.2.2 Social network analysis 

6RFLDO�QHWZRUN� DQDO\VHV� DUH� DQRWKHU� W\SH�RI�PHWKRGRORJ\�ZKLFK�KDYH�EHFRPH� LQFUHDVLQJO\�

SRSXODU�ZLWKLQ�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH��3DVVRV�HW�DO�����11��<RXQJ��/XR��*DVWLQ��/DL�

	�'Z\HU����19���6RFLDO�QHWZRUNV�KDYH�EHHQ� IRXQG� WR�EH�D�YDOXDEOH� WRRO� IRU� H[SORULQJ�DQG�

LQIRUPLQJ� UHODWLRQVKLSV� ZLWKLQ� D� WHDP� G\QDPLF�� EDVHG� RQ� WKH� QRWLRQ� WKDW� WHDP� VWUXFWXUDO�

FRKHVLRQ�LV�SRVLWLYHO\�UHODWHG�WR�WHDP�SHUIRUPDQFH��:DUQHU��%RZHUV�	�'L[RQ����1����$V�VXFK��

WKHLU�DSSOLFDWLRQ�ZLWKLQ�VSRUW�KDV�W\SLFDOO\�EHHQ�WR�LQYHVWLJDWH�LQWUD�JURXS�LQWHUDFWLRQV�DPRQJ�

VSRUWLQJ�WHDPV��/XVKHU�HW�DO�����1����6SHFLILFDOO\��WKH\�KDYH�FRPPRQO\�EHHQ�XVHG�LQ�VRFFHU�WR�

LGHQWLI\� WKH� FRQWULEXWLRQV� RI� LQGLYLGXDO� SOD\HUV� WR� WHDP� SHUIRUPDQFH� �&OHPHQWH�� 0DUWLQV��

:RQJ��.DODPDUDV�	�0HQGHV����1���'XFK�HW�DO�����1����DQG�WR�PHDVXUH�WKH�HIIHFW�RI�QHWZRUN�

DWWULEXWHV� RQ� WHDP� RXWFRPH� �*UXQG�� ��1���0FOHDQ�� 6DOPRQ��*RUPDQ�� 6WHYHQV�	�6RORPRQ��

��18��� $GGLWLRQDOO\�� VRFLDO� QHWZRUN� DQDO\VHV� KDYH� EHHQ� XVHG� WR� DVVHVV� WKH� VWUDWHJLF�

RUJDQLVDWLRQDO� SURFHVVHV� RI� WHDPV� ZLWKLQ� EDVNHWEDOO�� )RU� H[DPSOH�� &OHPHQWH�� 0DUWLQV��

.DODPDUDV� DQG� 0HQGHV� ���1��� LGHQWLILHG� WKH� FHQWUDOLW\� OHYHOV� RI� WDFWLFDO� SRVLWLRQV� DFURVV�

YDULRXV�OHYHOV�RI�EDVNHWEDOO�FRPSHWLWLRQV��7KH�QHWZRUN�DQDO\VLV�RXWOLQHG�WKDW� LUUHVSHFWLYH�RI�
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FRPSHWLWLRQ� OHYHO�� WKH�SRLQW�JXDUG�KHOG� WKH�SURPLQHQW� WDFWLFDO�SRVLWLRQ�GXULQJ� WKH� DWWDFNLQJ�

SURFHVV��DV�ZDV�WKH�FHQWUDO�OLQN�EHWZHHQ�WHDP�PHPEHUV���

7KH�XVH�RI�QHWZRUN�DQDO\VHV�LQ�$)�KDV�EHHQ�VSDUVH��6DUJHQW�DQG�%HGIRUG����13��XVHG�D�QHWZRUN�

DQDO\VLV� WR� VLPXODWH� SOD\HU� LQWHUDFWLRQV�ZLWKLQ� D� WHDP�� DQG�PHDVXUHG� WKH� HIIHFW� RI� QHWZRUN�

DWWULEXWHV� RQ� ILQDO� VFRUH� PDUJLQ�� 7KH� UHVXOWV� IRXQG� WKDW� WKH� PHDVXUH� RI� WHDP� FHQWUDOLW\�

DGHTXDWHO\�SUHGLFWHG�WKH�PDWFK�VFRUH�PDUJLQ��WKXV�LQGLFDWLQJ�WKDW�WKH�ILQGLQJV�FRXOG�EH�DSSOLHG�

WR�PHDVXUH�WKH�FRQWULEXWLRQ�RI�SOD\HUV�WR�WKH�ILQDO�PDUJLQ��0RUH�UHFHQWO\��<RXQJ��/XR��*DVWLQ��

/DL�� HW� DO�� ���19�� XVHG� D� VRFLDO� QHWZRUN� DQDO\VLV� WR� GHWHUPLQH� ZKHWKHU� FKDUDFWHULVWLFV� RI�

WHDPZRUN�LQ�$)�DUH�DVVRFLDWHG�ZLWK�WHDP�SHUIRUPDQFH��7KH�VWXG\�IRXQG�WKDW�ZKLOVW�HDFK�$)�

WHDP¶V� QHWZRUN� UHPDLQHG� VWDEOH�� WKHUH� ZHUH� GLIIHUHQFHV� VHHQ� LQ� PHDVXUHV� EHWZHHQ� WHDPV��

$GGLWLRQDOO\��WKH�DXWKRUV�RXWOLQHG�WKDW�WKH�WDFWLFDO�PHDVXUHV�PRVW�LQGLFDWLYH�RI�VXFFHVVIXO�PDWFK�

RXWFRPH� LQFOXGHG� HIIHFWLYH� SDVVHV�� WHDP� SDVVLQJ� GHQVLW\� DQG� WKH� DYHUDJH� SRVVHVVLRQ� FKDLQ�

OHQJWK��$QRWKHU� H[DPSOH� LQFOXGHV�%UDKDP�DQG�6PDOO� ���18��ZKR�RXWOLQHG�YDULRXV�QHWZRUN�

SURSHUWLHV�DV�D�SURRI�RI�FRQFHSW�IRU�WKH�XVH�RI�QHWZRUN�DQDO\VLV�LQ�$)��7KH�ILQGLQJV�RI�WKH�VWXG\�

LQGLFDWHG�WKDW�DQDO\VLV�RI�WKHVH�PHDVXUHV�FDQ�TXDQWLWDWLYHO\�GLVWLQJXLVK�GLIIHUHQW�SOD\LQJ�VW\OHV��

SURYLGLQJ� LQVLJKW� LQWR� WKH� VWUXFWXUH� DQG� VWUDWHJ\� RI� $)� WHDPV�� )XUWKHUPRUH�� WKH� ILQGLQJV�

RXWOLQHG�WKDW�FHQWUDOLW\�PHDVXUHV�ZHUH�XVHIXO�LQ�SUHGLFWLQJ�WKH�RXWFRPHV�RI�IXWXUH�PDWFKHV��DV�

ZHOO�DV�DQDO\VLQJ�WKH�FRQWULEXWLRQV�RI�LQGLYLGXDO�SOD\HUV��

�

2.5 Longitudinal analysis in team sport�

/RQJLWXGLQDO�GDWD�DQDO\VLV�LV�FRPPRQSODFH�ZLWKLQ�WKH�QRWDWLRQDO�WHDP�VSRUW�OLWHUDWXUH��7KHUH�

DUH�YDULRXV�XVHV�IRU�ORQJLWXGLQDO�UHVHDUFK�VWXGLHV�LQ�WHDP�VSRUW��ZLWK�WKH�SULPDU\�EHQHILW�EHLQJ�
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WKH�DELOLW\�WR�JDLQ�D�JUHDWHU�XQGHUVWDQGLQJ�RI�KRZ�FHUWDLQ�HIIHFWV�DQG�IDFWRUV�FKDQJH�RYHU�WLPH�

�&DUXDQD��5RPDQ��+HUQiQGH]�6iQFKH]�	�6ROOL����1���:LQGW�HW�DO�����18���$�IXUWKHU�EHQHILW�RI��

ORQJLWXGLQDO�VWXGLHV�LV�WKDW�WKH\�XVXDOO\�LQFUHDVH�WKH�SUHFLVLRQ�RI�WKH�HVWLPDWHG�HIIHFWV��0DVFKD�

	�6HVVOHU����11��6FKREHU�	�9HWWHU����18���

$V�ZLWK�PDQ\�RI�WKH�VWDWLVWLFDO�DQG�PDFKLQH�OHDUQLQJ�DSSURDFKHV�RXWOLQHG�LQ�VHFWLRQ���4��WKH�

RXWFRPHV�GHPRQVWUDWHG� LQ�PDQ\�RI� WKH�VWXGLHV� LQ� WKLV�VHFWLRQ�KDYH� WKH�DELOLW\� WR�EH�XVHG� WR�

VXSSRUW�WKH�GHFLVLRQV�ZKLFK�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV�IDFH��%\�GLVFRYHULQJ�SDWWHUQV�

DQG�H[WUDFWLQJ�UHODWLRQVKLSV�EHWZHHQ�WKH�VWXGLHV�YDULDEOHV��LGHDOO\�WKH�PRGHOV�FDQ�EH�XVHG�IRU�

IXUWKHU�DSSOLFDWLRQ�WR�JXLGH�DQG�VXSSRUW�WKH�GHFLVLRQ�PDNLQJ�SURFHVVHV��6SHFLILFDOO\��WKH\�FDQ�

EH� XVHG� WR� VXSSRUW� WKH� LGHQWLILFDWLRQ� RI� WRS� SHUIRUPHUV� ZLWKLQ� WKH� VSRUW� DQG� WKHLU� YDOXH��

SURPSWLQJ�WKH�VHOHFWLRQ�DQG�UHFUXLWPHQW�RI�WKH�PRVW�VXLWDEOH�SOD\HUV��'ULNRV�	�7VRXNRV����18���

$OWHUQDWHO\��WKH\�FDQ�DVVLVW�ZLWK�WKH�VHWWLQJ�LGHDO�SHUIRUPDQFH�VWDQGDUGV��WR�PDQDJH�DWKOHWHV�

DQG�WHDPV�PRUH�HIIHFWLYHO\��'ULNRV�	�7VRXNRV����18���

7KH� W\SLFDO� VWDWLVWLFDO� DQDO\VHV� DQG� PDFKLQH� OHDUQLQJ� PHWKRGRORJLHV� XVHG� IRU� ORQJLWXGLQDO�

VWXGLHV�DUH�WKRVH�ZKLFK�DFFRXQW�IRU�UHSHDWHG�PHDVXUHV��+RSNLQV�HW�DO������9���,Q�DGGLWLRQ��WKHUH�

DUH�YDULRXV�RWKHU�FRQVLGHUDWLRQV�WR�EH�PDGH�GXULQJ�PRGHO�VHOHFWLRQ�DQG�DQDO\VLV�RI�ORQJLWXGLQDO�

GDWD��:LQGW�HW�DO�����18���6RPH�H[DPSOHV�LQFOXGH�DFFRXQWLQJ�IRU�PLVVLQJ�GDWD��&ROOLQV�����6���

VSHFLI\LQJ�ZKLFK�HIIHFWV�DUH�FRQVLGHUHG�EHWZHHQ�SHUVRQ��L�H���DJH��DV�RSSRVHG�WR�ZLWKLQ�SHUVRQ�

�L�H���LQGLYLGXDO�DELOLW\��HIIHFWV��DQG�GHWHUPLQLQJ�ZKLFK�YDULDEOHV�DUH�FRQVLGHUHG�WLPH�YDU\LQJ�

�L�H���SHUIRUPDQFH��SK\VLFDO�ORDG��DV�RSSRVHG�WR�WKRVH�ZKLFK�DUH�VWDEOH��L�H���VH[���:LQGW�HW�DO���

��18���

2QH�RI�WKH�PRUH�SURPLQHQW�XVHV�RI�ORQJLWXGLQDO�UHVHDUFK�LQ�WKH�WHDP�VSRUW�OLWHUDWXUH�KDV�EHHQ�

WR�DQDO\VH�SK\VLFDO�SHUIRUPDQFH�GDWD� WR�JDLQ�DQ�XQGHUVWDQGLQJ�RI�SK\VLFDO� ORDG�PRQLWRULQJ��
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ZLWK�WKH�LQWHQW�WR�EHWWHU�XQGHUVWDQG�LQMXU\�ULVN��7KHUH�KDYH�EHHQ�QXPHURXV�H[DPSOHV�RI�WKLV�LQ�

$)��&DUH\�HW�DO�����18��&ROE\��'DZVRQ��+HDVPDQ��5RJDOVNL�	�*DEEHWW����14��&ROE\�HW�DO���

��17��0XUUD\��*DEEHWW��7RZQVKHQG��+XOLQ�	�0F/HOODQ����17��6WDUHV�HW�DO�����18��9HXJHOHUV��

<RXQJ��)DKUQHU�	�+DUYH\����16���DV�ZHOO�DV�PRUH�EURDGO\�LQ�RWKHU� WHDP�VSRUWV�VXFK�UXJE\�

OHDJXH� �:LQGW�� *DEEHWW�� )HUULV� 	� .KDQ�� ��17��� UXJE\� XQLRQ� �&URVV��:LOOLDPV�� 7UHZDUWKD��

.HPS�	�6WRNHV����16��DQG�VRFFHU��(KUPDQQ��'XQFDQ��6LQGKXVDNH��)UDQ]VHQ�	�*UHHQH����16���

)XUWKHU�UHVHDUFK�KDV�EHHQ�DSSOLHG�RQ�RWKHU�TXDQWLWDWLYH�PHDVXUHV��VXFK�DV�SOD\HU�SHUIRUPDQFH�

UDWLQJV�� PHDVXUHV� RI� SK\VLFDO� FDSDFLW\� DQG� D� SOD\HU¶V� PDUNHW� YDOXH�� $GGLWLRQDOO\�� WKHVH�

YDULDEOHV�KDYH�EHHQ�PHDVXUHG� ORQJLWXGLQDOO\�RQ�YDULRXV� WLPH�VHULHV� LQFOXGLQJ� WKH�DJH�RI�DQ�

DWKOHWH��DPRXQW�RI�\HDUV�ZLWKLQ�D�SURIHVVLRQDO�SURJUDP��WKHLU�PDWFK¶V�H[SHULHQFH��DV�ZHOO�DV�

WLPHOLQHV� GHILQHG� E\� WKH� SHULRG� IURP� SUHSDUDWLRQ� WR� FRPSHWLWLRQ� �L�H��� VHDVRQDO� IRU� DQQXDO�

FRPSHWLWLRQV��RU�D�TXDGUHQQLDO�SHULRG�IRU�2O\PSLF�VSRUWV���7RUJOHU�	�6FKPLGW�����7���

0XFK�RI�WKH�UHVHDUFK�IRFXVHG�RQ�PHDVXULQJ�SOD\HU�SHUIRUPDQFH�ORQJLWXGLQDOO\�KDV�ORRNHG�WR�

LGHQWLI\�FHUWDLQ�VWDJHV�RU�WUHQGV�LQ�SHUIRUPDQFH��QDPHO\�LGHQWLI\LQJ�ZKHQ�DWKOHWHV�SHDN��6RPH�

H[DPSOHV�RI� WKLV� LQFOXGH�'HQGLU� ���16��DQG�.DOpQ��5H\��GH�5HOOiQ�*XHUUD� DQG�/DJR�3HxDV�

���19���ZKR�HDFK�ORRNHG�WR�LGHQWLI\�WKH�DJH�RI�SHDN�WHFKQLFDO�SHUIRUPDQFH�LQ�VRFFHU��DQG�KRZ�

WKLV� DJH� YDULHV� DFURVV� WKH� GLIIHUHQW� SOD\LQJ� SRVLWLRQV� XVLQJ� SOD\HU� SHUIRUPDQFH� UDWLQJV� DQG�

PDUNHW� YDOXH�� UHVSHFWLYHO\�� ,Q� DGGLWLRQ� WR� GHWHUPLQLQJ�ZKHQ� WKLV� SHDN� RFFXUV��.DOpQ� HW� DO��

���19��ZHUH�DEOH�WR�LGHQWLI\�WKDW�D�VLJQLILFDQW�ORQJLWXGLQDO�VKLIW�LQ�WKH�SHDN�DJH�RI�DWKOHWHV�KDV�

RFFXUUHG� LQ� WKH� ODVW� WKUHH� GHFDGHV�� VHHLQJ� DWKOHWHV� SHDN� EHWZHHQ� RQH�WR�WZR� \HDUV� ODWHU��

6LPLODUO\� LQ� EDVHEDOO�� ERWK� %UDGEXU\� ����9�� DQG� )DLU� ����8�� LQYHVWLJDWHG� SHDN� WHFKQLFDO�

SHUIRUPDQFH�DQG�WKH�DJH�HIIHFWV�RI�VNLOOV�LQ�EDVHEDOO��%RWK�VWXGLHV�IRXQG�WKDW�GLIIHUHQW�DVSHFWV�

RI�D�SOD\HU¶V�SHUIRUPDQFH�SHDNV�DW�GLIIHUHQW�WLPHV�UHODWLYH�WR�WKH�DWKOHWLF�GHPDQGV�RI�D�SOD\HU¶V�
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SRVLWLRQ� DQG� WKH� DVVRFLDWHG� UROHV� WKDW� DFFRPSDQ\� WKLV�� 6SHFLILFDOO\�� DWKOHWLF� VNLOOV� VXFK� DV�

UXQQLQJ�DQG�SLWFKLQJ�SHDN�HDUOLHU��ZKLOVW�VNLOOV�EDVHG�RQ�H[SHULHQFH�DQG�NQRZOHGJH�VXFK�DV�WKH�

DELOLW\�WR�GUDZLQJ�ZDONV��SHDN�ODWHU���

,Q� DGGLWLRQ� WR� WKHVH� DQDO\VHV� FRQGXFWHG� RQ� WKH� LQGLYLGXDO� GDWD�� ORQJLWXGLQDO� VWXGLHV� KDYH�

VLPLODUO\�EHHQ�XQGHUWDNHQ�EDVHG�RQ� WHDP�SHUIRUPDQFH��$�SURPLQHQW� H[DPSOH�RI� WKLV� LV� WKH�

LQFOXVLRQ�RI�WHDP�EDVHG�UDWLQJ�PRGHOV��VXFK�DV�(/2�VW\OH�UDWLQJ�PRGHOV��+YDWWXP�	�$UQW]HQ��

��1���6WHIDQL����11���'HVSLWH�D�ODUJH�SURSRUWLRQ�RI�UHVHDUFK�WKH�RQ�WHDP�EDVHG�UDWLQJ�PRGHOV�

EHLQJ�JHDUHG�WRZDUGV�PDWFK�SUHGLFWLRQ�DQG�WKH�DELOLW\�WR�RXWSHUIRUP�EHWWLQJ�PDUNHWV��&DUERQH��

&RUNH�	�0RLVLDGLV����16��/RSH]�	�0DWWKHZV����1���5\DOO�	�%HGIRUG����1����VRPH�VWXGLHV�

KDYH� DOWHUQDWLYHO\� ORRNHG� WR� HYDOXDWH� WKLQJV� VXFK� DV� IL[WXUH� GLIILFXOW\� �-RVPDQ�� *XSWD� 	�

5REHUWVRQ����16���WR�REMHFWLYHO\�LGHQWLI\�DQG�PHDVXUH�WKH�GLIIHUHQW�SOD\LQJ�VW\OHV�RI�RSSRVLWLRQ�

WHDPV��*yPH]��0LWURWDVLRV��$UPDWDV�	�/DJR�3HxDV����18���DQG�WR�LPSURYH�WKH�HIIHFWLYHQHVV�

RI�WHDP�PDQDJHPHQW�SURFHVVHV��L�H���WHDP�VHOHFWLRQ��WHDP�IRUPDWLRQ��E\�DVVHVVLQJ�WKH�HIIHFW�RQ�

FKDQJHV� WR� H[SHFWHG� WHDP� SHUIRUPDQFH� �'DGHOR�� 7XUVNLV�� =DYDGVNDV� 	� 'DGHOLHQH�� ��14���

$GGLWLRQDOO\��LQ�0DQJDQ�DQG�&ROOLQV����16��GHYHORSPHQW�RI�D�WHDP�EDVHG�UDWLQJ�V\VWHP�IRU�

*DHOLF� IRRWEDOO�� WKHLU� UHFRPPHQGDWLRQV� IRU� XVH�ZHUH� WR�EH� XVHG� DV� D� WHDP�PRQLWRULQJ� WRRO��

DOORZLQJ�IRU�FRDFKHV�DQG�PDQDJHPHQW�VWDII�DOLNH�WR�UHYLHZ�DQG�VXSSRUW�GHFLVLRQV�UHODWLQJ�WR�D�

WHDP�SURJUHVV��

$QRWKHU�IRFXV�RI�WHDP�EDVHG�ORQJLWXGLQDO�VWXGLHV�KDV�EHHQ�WR�RXWOLQH�PHWKRGRORJLHV�WR�FUHDWH�

WDFWLFDO�DQG�VWUDWHJLF�SHULRGLVDWLRQ�VWUDWHJLHV��ZKHUHE\�WKH�RXWFRPHV�RI�WKH�UHVHDUFK�FDQ�EH�XVHG�

WR�LQIRUP�WKH�SODQQLQJ�DQG�SUHSDUDWLRQ�RI�D�WHDP¶V�VFKHGXOH��5REHUWVRQ�	�-R\FH����1����%\�

DFFRXQWLQJ�IRU�IDFWRUV�VXFK�DV�XSFRPLQJ�PDWFK�GLIILFXOW\��WHDP�IRUP��GD\V�EHWZHHQ�PDWFKHV�

DQG�WUDYHO��WHDP�VSRUW�RUJDQLVDWLRQV�FDQ�EHQHILW�IURP�EHLQJ�DEOH�WR�RSWLPDOO\�SUHSDUH�IRU�HDFK�
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VWDJH�RI�WKHLU�FRPSHWLWLYH�VFKHGXOH��ZLWK�WKH�RYHUDOO�JRDO�RI�WHDP�SHUIRUPDQFH�SHDNLQJ�DW�WKH�

SRLQW�RI�VSHFLILF�FRPSHWLWLYH�HYHQWV��5REHUWVRQ�	�-R\FH����18���6RPH�H[DPSOHV�RI�WKLV�ZLWKLQ�

WKH�QRWDWLRQDO�WHDP�VSRUW�OLWHUDWXUH�LQFOXGH�5REHUWVRQ�DQG�-R\FH����1���ZKR�GHYHORSHG�D�PDWFK�

GLIILFXOW\� LQGH[� LQ� VXSHU� UXJE\�� DOORZLQJ� IRU� GHYHORSPHQW� RI� LPSURYHG� VSHFLILF� WDFWLFDO�

SHULRGLVDWLRQ� SODQV�� 5REHUWVRQ� DQG� -R\FH� ���18�� SURYLGHG� D� VLPLODU� DSSOLFDWLRQ� ZLWKLQ�

SURIHVVLRQDO�$)��ZLWK�WKH�DGGLWLRQDO�LQFOXVLRQ�RI�XSGDWLQJ�PDWFK�GLIILFXOW\�LQGH[HV�PRQWKO\�LQ�

VHDVRQ��LQ�RUGHU�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LQIOXHQFH�RI�HDFK�IDFWRU��DQG�LI�KRZ�WKH\�

YDU\�DV�WKH�VHDVRQ�SURJUHVVHV��

�

2.6 Quantifying the individual in team sports�

:LWKLQ�WKH�HOLWH�FRPSHWLWLRQV�RI�PDQ\�LQYDVLRQ�WHDP�EDVHG�VSRUWV��DQ�LQFUHDVH�LQ�WKH�FROOHFWLRQ�

DQG�UHSRUWLQJ�RI�SHUIRUPDQFH�GDWD�KDV�OHG�WR�WKH�H[LVWHQFH�RI�PRUH�GHWDLOHG�DQG�FRPSUHKHQVLYH�

SHUIRUPDQFH�UDWLQJ�V\VWHPV�LQ�ERWK�WKH�OLWHUDWXUH��DQG�DSSOLHG�VSRUW�VFLHQFH��+XWFKLQV����16���

6SHFLILFDOO\��D�SRUWLRQ�RI�WKLV�OLWHUDWXUH�KDV�XQGHUWDNHQ�GHWDLOHG�DQDO\VHV�UHODWLQJ�WR�D�SOD\HU¶V�

LQGLYLGXDOLW\�� YDOXH� DQG� SRWHQWLDO�� :KHQ� WKHVH� W\SH� RI� DQDO\VHV� KDYH� EHHQ� XQGHUWDNHQ� LQ�

LQGLYLGXDO� VSRUWV�� W\SLFDOO\� WKH�PDWFK�UDFH� UHVXOW� KDV� EHHQ�XVHG� DV� DQ�REMHFWLYH�RXWFRPH� WR�

GLUHFWO\� FRPSDUH� DJDLQVW� SHUIRUPDQFH� �0F+DOH�� 6FDUI�	� )RONHU�� ��1���� 7KLV� DSSURDFK� KDV�

VLPLODUO\�EHHQ�XVHG�LQ�WHDP�VSRUWV�VXFK�DV�EDVHEDOO��ZKHUH�LQGLYLGXDO�SHUIRUPDQFH�KDV�EHHQ�

REMHFWLYHO\�TXDQWLILHG�DV�D�UHVXOW�RI�GLUHFW�SOD\HU�DFWLRQV��&KDR�&KLHQ����14��6WUHLE��<RXQJ�	�

6RNRO����1����+RZHYHU��ZLWKLQ�LQYDVLRQ�WHDP�VSRUWV�VXFK�DV�$)��VRFFHU�DQG�UXJE\��GHYHORSLQJ�

UDWLQJ�V\VWHPV�LV�PXFK�PRUH�FRPSOH[�GXH�WR�WKH�DEVHQFH�RI�REMHFWLYHO\�TXDQWLILDEOH�RXWFRPHV�

WKDW�HPDQDWH�GLUHFWO\�IURP�SOD\HU�DFWLRQV��*HUUDUG�����7���6SHFLILFDOO\�� WKH�G\QDPLF�QDWXUH��

YDULHG�LQGLYLGXDO�UROHV�DQG�FRPSOH[�LQWHUDFWLRQV�ZKLFK�H[LVW�EHWZHHQ�LQGLYLGXDOV�FRQWULEXWH�WR�
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WKH�FRPSOH[LW\�LQ�WKHVH�VSRUWV��5DGRYDQRYLü��5DGRMLþLü��-HUHPLü�	�6DYLü����13��5REHUWVRQ��

%DFN��HW�DO�����1����'HVSLWH�WKLV��WKHUH�KDYH�EHHQ�YDULRXV�VWXGLHV�ORRN�WR�TXDQWLI\�LQGLYLGXDO�

SHUIRUPDQFHV� ZLWKLQ� WHDP� VSRUWV�� 0DQ\� RI� WKHVH� VWXGLHV� KDYH� XWLOLVHG� WKH� DIRUHPHQWLRQHG�

VWDWLVWLFDO�PRGHOV� DQG�PDFKLQH� OHDUQLQJ�PHWKRGRORJLHV� LQ� WKHLU� DQDO\VHV�� 7\SLFDOO\�� VWXGLHV�

ORRNLQJ� WR� TXDQWLI\� LQGLYLGXDO� SOD\HU� SHUIRUPDQFHV� DUH� FRQGXFWHG� IRU� DSSOLHG� SXUSRVHV�

LQFOXGLQJ�WDOHQW�LGHQWLILFDWLRQ�RU�SOD\HU�SHUIRUPDQFH�HYDOXDWLRQ�YDOXDWLRQ��,Q�PRVW�FDVHV��WKHVH�

V\VWHPV�SURSRVH�WR�HQFDSVXODWH�SOD\HU�SHUIRUPDQFH�RQ�D�TXDQWLWDWLYH�VFDOH��WR�DOORZ�IRU�HDVH�RI�

XVH��

6RPH�H[DPSOHV�IURP�WKH�WHDP�VSRUW�QRWDWLRQDO�OLWHUDWXUH�LQFOXGH�'XFK�HW�DO�����1����ZKR�XVHG�

D�QHWZRUN�DQDO\VLV�PHWKRGRORJ\�WR�REMHFWLYHO\�TXDQWLI\�WKH�SHUIRUPDQFH�RI�LQGLYLGXDO�SOD\HUV�

LQ�VRFFHU�WKURXJK�D�FRPSOH[�SDWWHUQ�RI�LQWHUDFWLRQV�EHWZHHQ�WHDPPDWHV��0F+DOH�HW�DO�����1���

GHYHORSHG� D� SOD\HU� SHUIRUPDQFH� LQGH[�ZKLFK� LV� FXUUHQWO\� XVHG�ZLWKLQ� WKH� WRS� WZR� WLHUV� RI�

(QJOLVK� IRRWEDOO��7KLV� V\VWHP� UDWHV� WKH� SHUIRUPDQFH�RI� LQGLYLGXDO� SOD\HUV� RQ� D� TXDQWLWDWLYH�

VFDOH��EDVHG�RQ�WKHLU�FRQWULEXWLRQV�WR�ZHLJKWHG�VXE�LQGLFHV��,Q�EDVNHWEDOO��WKH�SOD\HU�HIILFLHQF\�

UDWLQJ�LV�D�EURDGO\�XVHG�REMHFWLYH�UDWLQJ�V\VWHP�ZKLFK�PHDVXUHV�D�SOD\HU¶V�WHPSRUDOO\�DGMXVWHG�

SURGXFWLYLW\�EDVHG�RQ�SRVLWLYH�DQG�QHJDWLYH�DFWLRQV��DQG�WKHLU�RXWFRPHV��7UDYDVVRV��'DYLGV��

$UD~MR��	�(VWHYHV����13���,Q�LFH�KRFNH\��7KRPDV��9HQWXUD��-HQVHQ�DQG�0D����13��GHYHORSHG�

D�PHWKRG�WR�UDWH�SOD\HUV�EDVHG�RQ�ERWK�WKHLU�RIIHQVLYH�DQG�GHIHQVLYH�DELOLWLHV��7KHLU�DSSURDFK�

XVHG�D�VHPL�0DUNRY�SURFHVV�WR�PRGHO�VFRULQJ�UDWHV��ZKLOVW�DFFRXQWLQJ�IRU�DGGLWLRQDO�IDFWRUV�

VXFK�DV�WKH�TXDOLW\�RI�WHDPPDWHV�DQG�RSSRQHQWV��DV�ZHOO�DV�WKH�FRQWH[W�RI�WKH�JDPH�VLWXDWLRQ��

,Q�DGGLWLRQ�WR�WKH�QRWDWLRQDO�OLWHUDWXUH��WKHUH�KDV�DOVR�EHHQ�D�YDULHW\�RI�ZRUN�GHYHORSHG�LQ�WHDP�

VSRUWV�ZLWK�WKH�HPSKDVLV�RQ�IRUHFDVWLQJ�LQGLYLGXDO�SHUIRUPDQFH�LQ�DQ�DSSOLHG�VHWWLQJ��2QH�RI�

WKH�PRUH�UHQRZQHG�DQG�FRPPHUFLDOO\�XVHG�V\VWHPV�LV�WKH�µ3OD\HU�(PSLULFDO�DQG�2SWLPLVDWLRQ�
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7HVW� $OJRULWKP¶� �3(&27$�� PRGHO�� ZKLFK� PRGHOV� WKH� SDVW� SHUIRUPDQFH� VWDWLVWLFV� RI�

FRPSDUDEOH�SOD\HUV�WR�IRUHFDVW�D�SOD\HU¶V�IXWXUH�SHUIRUPDQFH�LQ�0DMRU�/HDJXH�%DVHEDOO��6LOYHU��

���3��� 8QIRUWXQDWHO\�� OLWWOH� DFDGHPLF� OLWHUDWXUH� KDV� EHHQ� SXEOLVKHG� RQ� 3(&27$�� DV� LW� LV�

SUHGRPLQDQWO\�XVHG�ZLWKLQ�WKH�0DMRU�/HDJXH�%DVHEDOO¶V�3URVSHFWXV��6LOYHU�����3���,Q�DGGLWLRQ�

WR� 3(&27$�� � QXPHURXV� RWKHU� SURIHVVLRQDO� WHDP� VSRUWV� KDYH� EHHQ� VXFFHVVIXO� LQ� SURGXFLQJ�

VLPLODU�IRUHFDVWLQJ�V\VWHPV�� LQFOXGLQJ�$PHULFDQ�IRRWEDOO� �6FKDW]�����8���EDVNHWEDOO� �3HOWRQ��

���8��DQG�LFH�KRFNH\��$ZDG�����9����

 

2.7 Quantifying the individual in Australian Rules football�

2.7.1 Scientific literature�

7KHUH�KDYH�EHHQ�D�QXPEHU�RI�VWXGLHV�ZKLFK�KDYH�XVHG�SOD\HU�SHUIRUPDQFH�GDWD� WR�TXDQWLI\�

LQGLYLGXDO�SHUIRUPDQFHV�ZLWK�UHVSHFW�WR�VXFFHVVIXO�PDWFK�RXWFRPH�LQ�$)��+HDVPDQ��'DZVRQ��

%HUU\� DQG�6WHZDUW� ����8�� FUHDWHG� D�SOD\HU� LPSDFW� UDWLQJ�E\� DWWULEXWLQJ�QXPHULFDO� YDOXHV� WR�

SHUIRUPDQFH�DFWLRQV�UHODWLYH�WR�WKHLU�SHUFHLYHG�ZRUWK��7KH�UDWLQJ�YDOXHV�ZHUH�ZHLJKWHG�ZLWK�

UHVSHFW�WR�PDWFK�VLWXDWLRQ��SOD\LQJ�SRVLWLRQ��DQG�ZHUH�DGMXVWHG�UHODWLYH�WR�D�SOD\HU¶V�WLPH�RQ�

JURXQG��$OWHUQDWLYHO\��6WHZDUW�HW�DO������7��XVHG�YDULRXV�UHJUHVVLRQ�PRGHOV�WR�GHYHORS�DQ�11�

YDULDEOH� SOD\HU� UDQNLQJ� PRGHO�� ZKLFK� TXDQWLILHV� SOD\HU� SHUIRUPDQFH� E\� YDOXLQJ� WKH� PRVW�

LPSRUWDQW�SHUIRUPDQFH�DFWLRQV�ZLWK�UHVSHFW�WR�:LQ�/RVV�PDUJLQ��%RWK�RI�WKHVH�VWXGLHV�SURYLGH�

YDOXH�IRU�XVH�LQ�DQ�DSSOLHG�VHWWLQJ�E\�RXWOLQLQJ�PHWKRGV�WR�DQDO\VH�DQG�LGHQWLI\�WKH�LPSDFW�DQG�

YDOXH�LQ�ZKLFK�LQGLYLGXDO�SOD\HUV�KDYH�RQ�WHDP�SHUIRUPDQFH��7KLV�SURYLGHV�YDOXH�IRU�VSRUWLQJ�

RUJDQLVDWLRQV� E\� DOORZLQJ� DQ� REMHFWLYH� ZD\� WR� DVVHVV� LQGLYLGXDO� SOD\HU� SHUIRUPDQFH� ZLWK�

UHVSHFW�WR�RWKHU�SOD\HUV��DV�ZHOO�DV�UHODWLYH�WR�WKHLU�RZQ�LQGLYLGXDO�VWDQGDUG�RI�SHUIRUPDQFH��



4��

WKXV� KDYLQJ� LPSOLFDWLRQV� IRU� ERWK� UHFUXLWPHQW� DQG� EHQFKPDUNLQJ� SXUSRVHV�� UHVSHFWLYHO\�

�+HDVPDQ�HW�DO������8��6WHZDUW�HW�DO������7���:LWK�WKH�DGYDQFHV�LQ�SOD\HU�WUDFNLQJ�WHFKQRORJLHV�

DQG�LQFUHDVHG�FROOHFWLRQ�RI�WDFWLFDO�SHUIRUPDQFH�LQGLFDWRUV�LQ�$)�RYHU�WKH�SDVW�GHFDGH��YDULRXV�

RWKHU�UDWLQJV�V\VWHPV�KDYH�EHHQ�GHYHORSHG�LQ�$)�DOORZLQJ�IRU�D�PRUH�GHWDLOHG�UHSUHVHQWDWLRQ�

RI� WKH� VSHFLILF� HTXLW\� RI� SDUWLFXODU� DFWLRQV�� (DFK� RI� WKHVH� V\VWHPV�ZHUH� GHYHORSHG� DQG� DUH�

PDLQWDLQHG�FRPPHUFLDOO\��DQG�KDYH�QRW�EHHQ�H[WHUQDOO\�YDOLGDWHG��

2.7.2 Commercially developed player ratings systems�

7KHUH�DUH�D�QXPEHU�RI�SOD\HU�UDWLQJV�V\VWHPV�XVHG�IRU�FRPPHUFLDO�SXUSRVHV�ZLWKLQ�WKH�$)/��

7KH�WKUHH�PRVW�SURPLQHQW�V\VWHPV�DOO�XVH�&KDPSLRQ�'DWD�DV�WKH�VRXUFH�RI�PDWFK�SHUIRUPDQFH�

GDWD�� 7ZR� RI� WKHVH� SDUWLFXODU� V\VWHPV� DUH� XVHG� IRU� WKH� RQOLQH� IDQWDV\� FRPSHWLWLRQV� µ$)/�

)DQWDV\¶� DQG� µ6XSHUFRDFK¶�� DQG� XWLOLVH� WKH� PRVW� EDVLF� RI� &KDPSLRQ� 'DWD¶V� TXDQWLILDEOH�

SHUIRUPDQFH�LQGLFDWRUV�ZLWKLQ�WKHLU�SOD\HU�UDWLQJV�V\VWHPV��%RUODQG��/HH�	�0DFGRQDOG����11��

+HUDOG�6XQ����16����

6SHFLILFDOO\��WKH�$)/�)DQWDV\�UDWLQJ�V\VWHP�DZDUGV�HDFK�SOD\HU�UDWLQJ�SRLQWV�UHODWLYH�WR�WKH�

TXDQWLW\�RI�QLQH�VSHFLILF�DFWLRQV��HDFK�RI�ZKLFK�LQFXU�D�IL[HG�SRLQW�DOORFDWLRQ��7KLV�UDWKHU�EDVLF�

V\VWHP�LV�TXLWH�ELDVHG�WRZDUGV�WKRVH�ZKRVH�UROHV�DOORZ�IRU�JUHDWHU�LQYROYHPHQWV��DQG�GLVUHJDUGV�

WKH�GLIILFXOW\�DQG�TXDOLW\�DFWLRQV�SHUIRUPHG��-DFNVRQ����16E���$OWHUQDWLYHO\��WKH�6XSHUFRDFK�

FRPSHWLWLRQ�XVHV�WKH�µ$)/�3OD\HU�5DQNLQJV¶�V\VWHP��ZKLFK�WDNHV�D�VLPLODU�DSSURDFK�WR�WKDW�RI�

WKH�DERYHPHQWLRQHG�PHWKRG�E\�6WHZDUW�HW�DO������7���,Q�WKLV�V\VWHP��WKH�$)/�3OD\HU�5DQNLQJV�

PRGHO� LV� H[WHQGHG� WR� LQFOXGH� RYHU� ��� YDULDEOHV� �+HUDOG� 6XQ�� ��16��� 6LPLODUO\� WR� WKH�$)/�

IDQWDV\�UDWLQJ�V\VWHP��WKH�YDOXH�RI�HDFK�DFWLRQ�LV�IL[HG��KRZHYHU��WKH�YDOXHV�XVHG�LQ�WKLV�V\VWHP�

ZHUH�GHULYHG�IURP�D�UHJUHVVLRQ�PRGHO�WR�LGHQWLI\�WKH�LPSRUWDQFH�RI�DFWLRQV��XVLQJ�PDWFK�VFRUH�

PDUJLQ�DV�WKH�RXWFRPH�YDULDEOH��-DFNVRQ����16D���,Q�DGGLWLRQ��FRPPRQO\�SHUIRUPHG�DFWLRQV�
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DUH� IXUWKHU� FODVVLILHG��)RU� H[DPSOH�� UDWKHU� WKDQ� DOO� NLFNV� EHLQJ�GHHPHG� HTXDO�� WKHUH� DUH� VL[�

GLIIHUHQW�W\SHV�RI�NLFNV��ORQJ�WR�DGYDQWDJH��ORQJ�HIIHFWLYH��VKRUW�HIIHFWLYH��EDFNZDUGV�HIIHFWLYH��

LQHIIHFWLYH�DQG�FODQJHU���HDFK�DFTXLULQJ�GLIIHUHQW�DPRXQW�RI�SRLQWV�UHODWLYH�WR�WKHLU�SHUFHLYHG�

GLIILFXOW\� �+HUDOG� 6XQ�� ��16��� 7R� GDWH� WKHUH� KDV� EHHQ� QR� H[WHUQDO� UHVHDUFK� WR� HYDOXDWH� WKH�

YDOLGLW\�RI�WKHVH�WZR�V\VWHPV��

2.7.3 The official ‘AFL Player Ratings’�

7KH�WKLUG�FRPPHUFLDOO\�GHYHORSHG�V\VWHP��WKH�µ$)/�3OD\HU�5DWLQJV¶��LV�DQ�REMHFWLYH�V\VWHP�

EDVHG�RQ�WKH�SULQFLSOH�RI�ILHOG�HTXLW\��ZKHUH�D�SOD\HU¶V�DFWLRQV�DUH�TXDQWLILHG�UHODWLYH�WR�KRZ�

PXFK�WKHLU�DFWLRQV�LQFUHDVH�RU�GHFUHDVH�WKHLU�WHDP¶V�H[SHFWHG�YDOXH�RI�WKH�QH[W�VFRUH��-DFNVRQ��

���9���$V�VXFK��D�SOD\HU¶V�DFWLRQV�ZKLFK�LPSURYH�WKH�SRVLWLRQ�RI�WKHLU�WHDP�REWDLQ�D�SRVLWLYH�

UDWLQJ�UHODWLYH�WR�WKH�HTXLW\�RI�WKH�FKDQJH��)RU�H[DPSOH��LI�D�SOD\HU�WRRN�SRVVHVVLRQ�RI�WKH�EDOO�

LQ�D�FRQWHVWHG�VLWXDWLRQ�FORVH�WR�WKHLU�GHIHQVLYH�JRDO��DQG�ZDV�DEOH�WR�HIIHFWLYHO\�GLVSRVH�RI�WKH�

EDOO�WR�D�WHDPPDWH�LQ�D�OHVV�FRQWHVWHG�VLWXDWLRQ�IXUWKHU�DZD\�IURP�WKHLU�GHIHQVLYH�JRDO��WKH�YDOXH�

RI�WKH�UDWLQJ�ZRXOG�OLNHO\�EH�SRVLWLYH��&RQYHUVHO\��LI�D�SOD\HU¶V�DFWLRQV�ZRUVHQ�WKH�SRVLWLRQ�RI�

WKHLU�WHDP��WKLV�UHVXOWV�LQ�D�QHJDWLYH�UDWLQJ�UHODWLYH�WR�WKH�GLIIHUHQFH�LQ�HTXLW\��$Q�H[DPSOH�RI�

WKLV�ZRXOG�EH�LI�D�SOD\HU�UHFHLYHV�WKH�EDOO�XQGHU�PLQLPDO�SUHVVXUH��DQG�WKHQ�GLVSRVHV�RI�WKH�EDOO�

UHVXOWLQJ�LQ�WKH�RSSRQHQW�JDLQLQJ�SRVVHVVLRQ��(DFK�RI�WKH�SRLQWV�DFTXLUHG�E\�D�SOD\HU¶V�DFWLRQV�

IDOO� LQWR�RQH�RI�13�VXEFDWHJRULHV�ZKLFK�GHVFULEH�WKH�QDWXUH�RI�WKH�DFWLRQ��)LJXUH���3�JLYHV�D�

YLVXDO�UHSUHVHQWDWLRQ�RI�WKH�VXEFDWHJRULHV��DQG�KRZ�WKH�$)/�3OD\HU�5DWLQJV�FRQWULEXWHV�SRLQWV�

WR�HDFK�SOD\HU¶V�RYHUDOO�PDWFK�UDWLQJ��'XH�WR�LWV�HTXLW\�EDVHG�QDWXUH�DQG�UHVHDUFK�EDVHG�GHVLJQ��

WKH�$)/�3OD\HU�5DWLQJV�V\VWHP�ZDV�WKH�UDWLQJ�V\VWHP�XVHG�WKURXJKRXW�WKH�FRXUVH�RI�WKLV�WKHVLV��
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Figure 2.3 The categories and subcategories used to outline player match 

performance in the AFL Player Ratings. 

2.8 Conclusion�

:LWKLQ�WKH�QRWDWLRQDO�WHDP�VSRUWV�OLWHUDWXUH�WKHUH�KDV�EHHQ�FRQVLGHUDEOH�UHVHDUFK�VXUURXQGLQJ�

PRGHOOLQJ� SOD\HU� SHUIRUPDQFH� GDWD� IRU� RUJDQLVDWLRQDO� GHFLVLRQ� VXSSRUW�� 'HVSLWH� WKLV�� LQ�

FRPSDULVRQ�WR�YDULRXV�RWKHU�LQYDVLRQ�WHDP�VSRUWV�SOD\HG�DW�D�SURIHVVLRQDO�OHYHO��WKH�YROXPH�RI�

UHVHDUFK�FRQGXFWHG�LQ�$)�LV�FRQVLGHUDEO\�EHKLQG��7KLV�YRLG�SURYLGHV�DQ�RSSRUWXQLW\�WR�ERWK�
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GHYHORS�QHZ�PHWKRGRORJLHV��DQG�H[WHQG�H[LVWLQJ�PHWKRGRORJLHV�IURP�RWKHU�WHDP�VSRUWV�WR�$)��

:LWK� WKH� ODUJH� YROXPH� RI� SOD\HU� SHUIRUPDQFH� GDWD�� FRQWLQXDO� FKDQJH� LQ� WKH� JDPHSOD\� DQG�

WDFWLFV��YDULRXV�UXOH�FKDQJHV�DQG�RQJRLQJ�H[SDQVLRQ�RI�WKH�HOLWH�:RPHQ¶V�FRPSHWLWLRQ��YDULRXV�

DYHQXHV�IRU�DVVRFLDWHG�UHVHDUFK�WR�EH�DSSOLHG�DW�WKH�HOLWH�OHYHOV�RI�$)�H[LVW��)XWXUH�ZRUN�VKRXOG�

IRFXV�RQ�XVLQJ�WKH�VWDWLVWLFDO�PRGHOV�DQG�PDFKLQH�OHDUQLQJ�PHWKRGRORJLHV�RXWOLQHG�DV�SDUW�RI�

WKLV� UHYLHZ� WR� DQDO\VH� SOD\HU� SHUIRUPDQFH� GDWD� WR� SURYLGH� VXSSRUW� IRU� GHFLVLRQV� IDFHG� E\�

SURIHVVLRQDO�$)�RUJDQLVDWLRQV��
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CHAPTER THREE – STUDY I 

Chapter Overview 

Chapter Three is the first of four studies undertaken in this thesis. The study looks to assess the 

validity of the AFL Player Ratings metric, and serves to outline the suitability of the this metric 

for use as an objective measure of player performance prior to its use in the remaining studies 

of this thesis.  

This chapter contains an abstract (section 3.1), introduction (section 3.2), methods (section 

3.3), results (section 3.4)� discussion (section 3.5) and conclusion (section 3.6) sections. 

The content of this chapter was published in the International Journal of Sports Science and 

Coaching (McIntosh, Kovalchik & Robertson, 2018b). 
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Validation of the Australian Football League Player Ratings 

3.1 Abstract 

This study investigated the validity of the official Australian Football League Player Ratings 

system. It also aimed to determine the extent to which the distribution of points across the 13 

rating subcategories could explain Australian Football League match outcome. Ratings were 

obtained for each player from Australian Football League matches played during the 2013-

2016 seasons, along with the corresponding match outcome (Win/Loss and score margin). The 

values for each of the 13 subcategories that comprise the ratings were also obtained for the 

2016 season. Total team rating scores were derived as an objective team outcome for each 

match. Percentage agreement and Pearson correlational analyses revealed that winning teams 

displayed a higher total team rating in 94.2% of matches and an association of r = 0.96 (95% 

confidence interval = 0.95-0.96) between match score margin and total team rating differential, 

respectively. A Partial Decision Tree (PART) analysis resulted in seven rules capable of 

determining the extent to which relative contributions of rating subcategories explain Win/Loss 

at an accuracy of 79.3%. These models support the validity of the Australian Football League 

Player Ratings system and its use as a pertinent system for objective player analyses in the 

Australian Football League. 

3.2 Introduction 

Performance analysis is used within sporting organisations to support decision-making 

processes relating to an individual or team’s performance (Hughes & Bartlett, 2002; Travassos 

et al., 2013). In many professional sports, various rating systems have been proposed with the 
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aim of encapsulating player or team performance on a quantitative scale (McHale et al., 2012; 

Radovanović et al., 2013; Stefani & Pollard, 2007; Szczepański, 2008). In individual sports, 

the match result can be used as an objective outcome to directly compare against performance 

(McHale et al., 2012). Similarly, in team sports such as baseball, individual performance has 

been objectively quantified as a result of direct player actions (Chao-Chien, 2014; Streib et al., 

2012). However, rating individuals within invasion team sports such as Australian Rules 

football (AF) and football is more complex (Gerrard, 2007). This is in part due to the absence 

of objectively quantifiable outcomes that emanate directly from player actions, but also the 

dynamic nature, varied individual roles and complex interactions which exist between 

individuals in these sports (Robertson, Back, et al., 2015; Travassos et al., 2013). 

Within the elite competitions of many invasion team-based sports, an increase in the collection 

and reporting of performance data has led to the existence of more detailed and comprehensive 

performance rating systems (Hutchins, 2016). This has in turn resulted in those responsible for 

making organisational decisions become more reliant on performance data to make inferences 

about player performance and support their decision-making processes (Hutchins, 2016). 

McHale et al. (2012) developed a player performance index which is used within the top two 

tiers of English football. This system rates the performance of individual players on a 

quantitative scale, based on their contributions to weighted subindices. Similarly in basketball, 

the player efficiency rating is a broadly used objective rating system which measures a player’s 

temporally adjusted productivity based on positive and negative actions and their outcomes 

(Radovanović et al., 2013). 

Australian Rules football is an invasion team sport played on an oval field between two 

opposing teams consisting of 22 players each (18 on the field and 4 interchange). The ball is 
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moved about the field by kicking, handballing or running with the ball, with scoring achieved 

by kicking the ball between large goal posts located at either end of the field. Within the elite 

competition of AF, the Australian Football League (AFL), various subjective rating systems 

have been proposed that quantify an individual’s match performance. However, these are 

susceptible to biases, such as personal views and emotional reflection, which are known to 

accompany such subjective analyses (Ayres, 2008; Norman, 1993). For instance, the AFL 

Coaches Association awards a champion player each year. Votes for this are cast following 

each match by the senior coaches from both competing teams on the most influential players 

from their respective match. 

From an objective perspective, Heasman et al. (2008) created a player impact rating by 

attributing numerical values to performance actions relative to their perceived worth, weighting 

these values according to match situation and then adjusting relative to a players time on 

ground. Following the release of the novel Moneyball (Lewis, 2004), Stewart et al. (2007) 

determined whether similar statistical methods could be applied to the AFL. Using data from 

five seasons, they created an 11-variable player ranking model by identifying the most 

important performance actions and then including those with the strongest statistical 

relationship to team winning margin. The ‘AFL Player Rankings’, which is produced by 

statistics provider Champion Data Pty Ltd and is the system used by the fantasy competition 

SuperCoach (www.supercoach.heraldsun.com.au), takes a similar approach to that of Stewart 

et al. (2007) however extends their model to include over 100 variables (Herald Sun, 2016). 

To date, there has been no external research to evaluate the validity of these systems. 

Recently, a new alternative to the abovementioned systems has been proposed; the ‘AFL Player 

Ratings’ (http://www.afl.com.au/stats/player-ratings/ratings-hub). Produced by Champion 
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Data, it is an objective system based on the principle of field equity, where a player’s actions 

are quantified relative to how much their actions increase or decrease their team’s expected 

value of the next score (Jackson, 2009). For example, when a player obtains the ball in a 

contested situation a long distance away from (Ballı & Korukoğlu, 2014) their attacking goal, 

the expected value of next score is likely to be low (or negative, meaning in the given situation, 

the opposition is more likely to score). Conversely, if a player receives the ball uncontested, 

with minimal pressure and is close to their own goal, the expected value of the next score will 

be high. This expected value is based on contextual information relating to each possession 

(i.e., pressure from opponents, field position, time of the match) and is determined by the 

outcomes from every possession collected from all AFL matches preceding back to the 2004 

season (Jackson, 2009). Furthermore, the rating points awarded to (or taken from) a player for 

each action falls into to one or more categories which describe the nature of the action. These 

categories are defined in Table 3.1. The primary aim of this study was to determine the 

construct validity of the AFL Player Ratings system, using data collected from the 2013–2016 

AFL seasons. The secondary aim was to determine the extent to which the distribution of points 

recorded by teams across the 13 rating subcategories could be used to explain AFL match 

outcome. This study incorporated two phases; the first phase focuses on the derived total team 

ratings, whilst the second phase considers the 13 player rating subcategories. 
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Table 3.1 Definitions of the 13 AFL Player Ratings subcategories used in this study. 

Category Subcategory Description 

Ball Winning Stoppage Points from possessions won pre-clearance 
at stoppages. 

Mid Chain Points from possessions excluding those 
won at stoppages or as intercepts. 

Intercepts Points from intercept possessions. 

Ball Use Run and Handball Points from handballs, and ball carrying 
between the possession and handball. 

Field Kicks Points from field kicks. 

Shots at Goal Points from shots at goal. 

Kick-ins Points from kick-ins. 

Hitouts Hitouts Points from hitouts to advantage and points 
lost from hitouts to opposition. Neutral 
hitouts gain zero points. 

Defence Spoils Points from spoils. 

Pressure Points from pressure - including tackles 
and smothers. 

Negatives Frees Against Points lost from frees against. 

50 metre Penalties Points lost from 50 metre penalties against. 

Debits Points lost from dropped marks, no 
pressure errors and missed tackles. 

3.3 Methods 

3.3.1 Phase one: Construct validity of the AFL Player Ratings system 

Individual ratings data were obtained from Champion Data Pty Ltd, for all 827 matches played 

throughout the 2013–2016 AFL seasons. This included 22 matches from each team during the 

regular season rounds, as well as 9 matches played throughout the finals series each season. 

One match was abandoned prior to play during the 2015 season. Match result was obtained for 
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each match and expressed as (a) outcome (Win/Loss) and (b) margin (points score differential). 

Prior to data collection, the study was approved by the relevant human research ethics 

committee.  

Total team ratings were derived for each match by accumulating the 22 individual player 

ratings from the same match. The total team rating was derived with the aim of providing an 

objective independent variable to be modelled against outcome and margin. This was 

completed for each of the AFL teams (n = 18), for each match played throughout the four 

seasons. Prior to statistical analysis, the four drawn matches that occurred throughout the 2013–

2016 seasons were removed from the analyses. 

For the remaining 823 matches, a percentage agreement analysis was used to construct a model 

explaining outcome as a function of higher total team ratings. Descriptive statistics (mean ± 

standard deviation) of the total team ratings were also collected across the four seasons to gauge 

the consistency of the system across seasons. In order to gauge the strength of total team rating 

differential as a continuous variable, a Pearson’s correlation analysis was employed to 

determine the extent of its relationship with margin. This analysis was undertaken using the 

Hmisc package (Harrell Jr, 2017) in the R statistical computing software version 3.3.2 (R Core 

Team, 2016). Correlations were obtained considering the entire dataset, as well as separately 

within team and across the whole competition for individual seasons, allowing for assessment 

of both inter-team and inter-season variations, respectively. 
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3.3.2 Phase two: Relationships between the distribution of AFL Player Ratings subcategories 

and match result 

To address the secondary aim, data from each subcategory of each individual’s player ratings 

were obtained from Champion Data Pty Ltd. These analyses were limited to the 207 matches 

played throughout the 2016 AFL season due to data availability. 

Descriptive statistics (mean ± standard deviation) for all 13 subcategories were obtained across 

the season. In order to determine the relationship of each subcategory with match result, the 

total team ratings (as calculated in phase one) were broken down into separate contributions 

from each subcategory for each match. In order to allow for repeat observations across all teams 

and each round throughout the season, the data were then descriptively converted from its 

absolute format into a relative format (Ofoghi, Zeleznikow, MacMahon & Raab, 2013). For 

example, if a team’s match rating was 250 points, of which 30 points were attributed by the 

subcategory field kicks, then the team’s relative contribution of field kicks for this particular 

match would be analysed as 12%. 

To determine the extent to which the separate contributions from each subcategory related to 

outcome, a rule induction analysis was undertaken using the RWeka package (Hornik, Buchta 

& Zeileis, 2009). A PART algorithm (Frank & Witten, 1998) was used to generate a list of 

rules capable of explaining outcome. For this analysis, overall classification accuracy (%) and 

10-fold cross-validation accuracy were used as the two model performance measures. A

number of parameters were trialled in the model development, with best performance based on 

the abovementioned measures obtained using a minimum of 20 instances in order for a node to 

split and minimum confidence set to 0.5. 
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3.4 Results 

3.4.1 Phase one: Construct validity of the AFL Player Ratings system 

Results from the percentage agreement analysis found that winning teams had a higher total 

team rating in 94.2% of matches (775 of 823 instances), with winning teams averaging 232.1 

± 27.2 rating points across the four seasons and losing teams averaging 192.1 ± 25.5. The 

density of total team ratings difference for winning teams is outlined in Figure 3.1, and the 

distribution of total team ratings for winning and losing teams across the four seasons is shown 

in Figure 3.2.  

Figure 3.1 Density plot displaying the distribution of differentials in total team ratings 

for winning teams across the 2013-2016 seasons. 
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Figure 3.2 Density plot displaying the distribution of total team ratings across the 

2013-2016 seasons. 

The Pearson’s correlation analysis indicated a strong association (r = 0.96, 95% confidence 

interval (CI) = 0.95–0.96) across the 18 teams in the competition, between margin and total 

team rating. The association for each of the 18 teams varied from r = 0.92 to r = 0.97 (95% CI 

= 0.89–0.96 and 0.95–0.98, respectively), and across the four seasons from r = 0.95 to r = 0.96 

(95% CI = 0.94–0.95 and 0.96–0.97, respectively). The scatterplot shown in Figure 3.3 displays 

the linear association between margin and total team rating, indicating a homoscedastic 

distribution. 
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Figure 3.3  Scatterplot displaying the homoscedasticity of the distribution between 

margin and total team rating differentials across the 2013-2016 seasons. 

3.4.2 Phase two: Relationships between the distribution of AFL Player Ratings subcategories 

and match result 

Descriptive statistics relating to each of the subcategories and how their contributions 

differentiate between wins and losses are outlined in Figure 3.4. Results show that on average, 

winning teams had a higher contribution of team rating points in only the four subcategories 

which relate to ball use (run and handball, field kicks, shots at goal and kick-ins). The final 

PART model revealed seven rules explaining outcome at an accuracy of 79.3% (314 of 396 
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matches). The class accuracy rates in the data for each outcome were 70.2% for wins and 88.4% 

for losses. Results from the cross-validation revealed a decrease in classification accuracy of 

6.1%, with an overall classification of 73.2% retained. The seven rules included in the model 

are presented in Table 3.2. The percentage values represent the contribution from each 

subcategory to team total rating. 

Figure 3.4 Histogram displaying the descriptive statistics (mean ± standard deviation) 

of the relative contribution to team total rating from each of the 

subcategories across the 2016 season. 
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Table 3.2 PART model explaining outcome from the relative contributions of each 

subcategory to team total rating. 

Rule Outcome 
Correctly 
classified 

Incorrectly 
classified 

Rule 1 Intercepts > 27.1% AND Frees Against 
> -9.6% AND Shots at Goal > 4.2%
AND Pressure > 11.6%

Loss 60 19 

Rule 2 Shots at Goal ≤  4.3% Loss 87 14 

Rule 3 Frees Against > -9.4% AND Spoils ≤ 
4.9% AND  Shots at Goal > 10.8% 

Win 62 10 

Rule 4 Spoils ≤  4.9% Win 62 4 

Rule 5 Field Kicks < 15.2% Loss 39 17 

Rule 6 Pressure > 12.9% Loss 48 9 

Rule 7 Else Win 38 9 

3.5 Discussion 

The primary aim of this study was to determine the construct validity of the AFL Player Ratings 

system. Phase one focused specifically on the ability of the AFL Player Ratings system to relate 

to match result when expressed in both a binomial (outcome) and continuous manner (margin). 

The findings revealed that the AFL Player Ratings system is strongly associated with match 

result irrespective of how it is expressed, suggesting that the system has good validity for 

assessing combined player performance in AF. The findings of the correlational analysis 

support the findings of the percentage agreement, highlighting that in the very low proportion 

of matches where agreement was not reached, both the margin and team total rating differential 

were both very small. The strength of these associations emphasise how incorporating 
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considerations about the equity of a player’s actions is a viable method of quantifying 

aggregated player performance. 

Phase two focused on determining the extent to which the distribution of points across the 13 

rating subcategories could be used to explain outcome. Descriptive statistics revealed that only 

those subcategories relating to ball use had a higher average contribution to team rating points 

by winning sides. This is likely a result of the ball use subcategories being the only four 

subcategories in which rating points can be both awarded and deducted. Therefore, 

contributions of points within these subcategories are further impacted by whether actions 

increase or decrease their team’s expected value of the next score. Of the 13 subcategories 

included in the analysis, 6 are outlined in the PART model. Specifically, the model indicates a 

positive relationship between larger contributions of shots at goal and field kicks with 

successful outcome. This is unsurprising due to the function of scoring on match result, and 

the known relationship between maintaining ball possession and match result in AF 

(O’Shaughnessy, 2006), respectively. Additionally, the positive relationship seen in these two 

subcategories is again likely associated with the ability to both gain and lose rating points in 

these subcategories. Conversely, the model indicates an inverse relationship between larger 

contributions of pressure, spoils and intercepts with match outcome. Although points are 

awarded to players for actions in these subcategories, having above-average relative 

contributions in these subcategories reflects lower contributions in other subcategories, 

specifically those relating to ball use. 

The absence of the remaining seven subcategories from the model is likely to be multifaceted. 

Specifically, for run and handball, kick-ins, hitouts, 50 metre penalties and debits, a 

comparatively low overall contribution to team total ratings as well as small variation in mean 
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values between wins and losses may have contributed to their absence. For stoppages and mid 

chain, despite a relatively higher overall contribution to team total ratings, their absence is 

potentially due to small variations to mean values between wins and losses. 

As this study takes a specific focus on objective performance, an assumption was made that 

the sum of a team’s parts (individual contributions) combine to create the result, therefore 

utilising successful team performance as an objective dependent variable. As such, this study 

focused on how the AFL Player Ratings reflect team results to provide a validation of the 

metrics construct. Heasman et al. (2008) took a similar approach in the validation of their player 

impact model, finding their team impact scores were higher in winning teams in 86.4% of 

matches (19 of 22 instances), and had a strong correlation with margin (r = 0.85). In 

comparison, the findings of both the percentage agreement and Pearson’s correlation models 

in this study had stronger relationships with respect to match outcome and margin, respectively. 

A larger sample size was also used. Stewart et al. (2007) also considered score margin to 

identify which player statistics are most important in terms of their contribution to match 

outcome. Their findings indicate that kicks travelling more than 40 metre and kicks that go 

directly to an opposition player have large positive and negative coefficients, respectively. 

Thus reiterating the findings of phase two in this study, indicating that actions relating to ball 

use have the largest impact on match outcome. It is not known as to whether the AFL Player 

Ratings displays higher construct validity comparative to popular fantasy football metrics; 

however, future research may look to determine this. Though adopting a team approach for this 

validation was necessary, future research should look to assess the contribution of individual 

player ratings on team performance. Specifically, it may be of interest to consider whether the 

distribution of performances across the 22 players in each team has an effect on team 

performance. 
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In team sports, the analysis of objective performance data relating to discrete player actions 

(i.e., kicks/handballs, whilst factoring in contextual information such as pressure from 

opponents, field position, time of the match, etc.) can be a viable strategic resource. Specifically 

within AFL teams, objective rating systems can be used for various aspects of organisational 

decision support. For example, each AFL club has approximately 45 players on their roster 

(maximum 47) and is constrained in their ability to recruit players by a salary cap. Furthermore, 

only 22 of these players are selected to play each round. This in turn puts a greater emphasis 

on decisions made with respect to player contracting and the development of players within 

their roster, as well as weekly player selection, respectively. Applications of the AFL Player 

Ratings could be made in order to gain a greater understanding of what makes an individual 

player unique, what areas they lack in and also to forecast the level of performance expected 

from players in the future. 

Despite the strength of the PART model produced in phase two of this study, its generalisability 

is unknown, as it was limited to the 2016 AFL season due to the data availability. In order to 

test the generalisability of this model, an external validation should be undertaken when data 

become available for subsequent AFL seasons, to assess whether longitudinal variations exist. 

3.6 Conclusion 

The results from this study support the validity of the AFL Player Ratings system and its ability 

to objectively assess combined player performance in AF. By utilising objective outcomes as 

dependent variables, a more thorough understanding of how equity is used as a quantifiable 

measure to relate to successful performance can be achieved. To further refine the 
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generalisability of the model produced in phase two, subsequent seasons of data could be added 

once they become available. Future work should focus on the continual development of 

improving the ratings system as new technologies become available, as well as the 

interpretation and application of the AFL Player Ratings system for objective performance 

analysis and operational decision-making. 
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CHAPTER FOUR – STUDY II 

Chapter Overview 

Chapter Four is the second of the studies contained in this thesis. The study looked to identify 

whether the performance profiles created from the proportion of rating points in each AFL 

Player Rating subcategory could be used to classify players into a priori determined player role 

categories. Additionally, it looked to determine the level of similarity between the playing 

styles of each individual player competing within the AFL. An application was developed from 

the two models in this study to visually represent the similarity of players within the squad of 

a single AFL club. 

This chapter contains an abstract (section 4.1), introduction (section 4.2), methods (section 

4.3), results (section 4.4)� discussion (section 4.5) and conclusion (section 4.6) sections. 

The content of this chapter was published in the International Journal of Performance Analysis 

in Sport (McIntosh, Kovalchik & Robertson, 2018a). 
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Examination of player role in the Australian Football League using match 

performance data 

4.1 Abstract 

This study developed multiple methods to determine player role in Australian Rules football 

utilising objective match performance data. Specifically, Australian Football League (AFL) 

Player Ratings from the 2016 AFL season were used to classify players into seven a priori 

determined playing roles, as well as determine levels of individual player similarity. Mean 

values for the 11 AFL Player Ratings categories were calculated for each individual player, 

and a performance profile created based on the relative contribution of points from each 

category to that players overall rating total. A decision tree model incorporated five of the 11 

categories to classify player role at an accuracy of 74.3% (95% confidence interval = 70.5-

77.9% across 10-fold cross-validation). Role classification was most accurate for key forwards, 

midfielders and general defenders, whilst the midfield-forward role was most difficult to define 

objectively. A Euclidean distance measure was used to determine the most similar pairs of 

individual players within the AFL, as well as from an intra-club perspective. An application 

was also developed to visually represent the similarity of players within the squad of a single 

AFL club. Sporting organisations may apply the methods provided here to support decisions 

regarding player selection and recruitment. 

4.2 Introduction 

Professional sporting organisations utilise objective performance data to assist with decision 

support processes (Kuper, 2012; Wright et al., 2013). The use of objective data for such 
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purposes can help to improve performance outcomes and reduce the financial costs of 

identifying individuals who possess attributes of perceived relevance (Ofoghi, Zeleznikow, 

MacMahon & Raab, 2013; Pion et al., 2016).  

Within team sports, organisations regularly face decisions regarding player identification and 

selection. At a macro level this relates to player recruitment, such as which players to draft, the 

length of contracts offered and the level of financial remuneration offered in order to meet any 

total player payment restrictions (i.e., league salary cap). On a micro level, such decisions relate 

to weekly player selection, including identifying optimal team line-ups and replacing injured 

players. Each of these decisions typically involves a level of consideration about the specific 

attributes in which each player can bring to the team/club list (Tavana et al., 2013; Trninić et 

al., 2008). Through the analysis of objective player performance data, objective models can be 

created to support these decision-making processes (Ofoghi, Zeleznikow, MacMahon & Raab, 

2013).  

Examples of decision support applications in sport include Boon and Sierksma (2003), who 

developed a linear optimisation model to determine player line-ups in volleyball, including 

both starting and rally positions relative to the individuals on the court. Maymin (2017) 

developed a random forest projection model that outperformed human decisions relating to the 

draft, free agency and trades, in the National Basketball Association. Pion et al. (2016) 

developed models to reduce the risk of overlooking high-potential gymnasts based on findings 

from a multidimensional talent identification assessment. In the Australian Rules football (AF) 

notational literature, Robertson, Woods, et al. (2015) used a rule induction algorithm to explain 

player selection level (i.e., drafted and non-drafted), relative to their physical performance and 

anthropometric attributes. Similarly, Woods et al. (2015) used a multivariate analysis of 
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variance and logistic regression to determine the relationships between playing status (i.e., elite 

and sub-elite) and physical/anthropometric parameters.  

The Australian Football League (AFL) is the elite competition of AF. Comparative to many 

other team sports, play is less structured, with players not constrained by an offside rule (i.e., 

football and rugby), nor to certain field zones (i.e., netball). This allows players to potentially 

perform a variety of roles across the entire field of play. Despite this, individuals are still 

typically classified by their playing position (Ractliffe, 2017). For example, Dawson, 

Hopkinson, Appleby, Stewart and Roberts (2004) determined differences in movement patterns 

across playing positions. Similarly, Stares, Dawson, Heasman and Rogalski (2015), utilised 

playing position to identify the specific differences in physical demands of a match.  

There has also been research in AF investigating player role and similarity. Alternatively to 

this study, the majority of this research has typically used physical characteristics and technical 

skill indicators to determine playing role. Examples include, Barake, Mitchell, Stavros and 

Stewart (2016) who used a multinomial logistic regression to classify players based on their 

ground location, anthropometric characteristics and performance indicators, such as 

possessions, tackles and spoils. Sargent and Bedford (2010) grouped players into positional 

categories based on Mahalanobis distances from positional centroids using 13 game related 

performance variables. In elite junior AF, Woods, Veale, et al. (2018) used a linear discriminant 

analysis, a random forest, and a PART decision list to determine whether technical skill 

indicators categorised a player’s role. Jackson (2016b) used vector angles to determine the 

similarity between individual players based on contextual performance data relating to each 

player’s most common match involvements.  
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Inferences can be made about a player’s performance and value by assessing the outcomes 

which result from their actions. Although differing individuals may be categorised as playing 

the same position, they may nonetheless offer different qualities to their team. Specifically, a 

defender may be desirable for recruitment or selection by some teams because they rarely allow 

their direct opponent to score. However, the same player’s ability to distribute the ball 

effectively or accelerate and carry the ball out of defensive areas may also be valued. In this 

study, the player role classifications used by Champion Data (Champion Data Pty Ltd., 

Melbourne, Australia) are considered. These role classifications are determined based on the 

relative amount of time a player spends in certain regions of the ground (Jackson, 2016b), and 

are used to determine whether profiles created by a players actions can accurately describe 

player role.  

The AFL Player Ratings were designed in order for the value of individual player actions to be 

objectively measured based on the principle of field equity. In this metric, points are awarded 

to (or deducted from) a player relative to how much their actions increase or decrease their 

team’s expected value of the next score, based on contextual information relating to each 

possession (Jackson, 2009; McIntosh et al., 2018b). For example, when a player obtains the 

ball in an uncontested situation close to their attacking goal, the expected value of next score 

is likely to be high. Alternatively, when a player receives the ball under pressure and is close 

to their opponent’s goal, the expected value of the next score will be low. Each of these actions 

fall into to one or more of the 11 AFL Player Ratings categories, which describe the nature of 

the action. In this study, player performance profiles were developed based on the proportion 

of rating points in each of these AFL Player Rating categories. Such profiles have been created 

using comprehensive in-game skill indicator sets in the wider team sport literature (James, 
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Mellalieu & Jones, 2005; Liu, Gómez, Gonçalves & Sampaio, 2016; O’Donoghue, Mayes, 

Edwards & Garland, 2008). 

This study aimed to identify whether the abovementioned performance profiles could classify 

players into a priori determined player role categories (classified by Champion Data). 

Secondly, the profiles were then utilised to create a dissimilarity matrix to identity the closeness 

of playing styles between each individual player within the AFL. 

4.3 Methods 

4.3.1 Data 

AFL Player Ratings data were acquired from Champion Data, for all 207 games played during 

the 2016 AFL season. The totals for each of the 11 categories that comprise a player’s match 

rating were collected and compiled. These categories are defined in Table 4.1. A profile for 

each player (n = 656) was compiled by obtaining their average rating points from each category 

across the full season. The relative (percentage) amount of points each category contributed to 

that player’s total of rating averages was then calculated. Table 4.2 outlines two of these created 

player profiles; the examples chosen outline how two players with similar average rating scores 

can have considerably different contributions from the 11 different categories. Additionally, 

classifications of player role were collected for each player, based on Champions Data’s final 

assessment at the end of the 2016 AFL season. These player role classifications are defined in 

Table 4.3. Players were required to play a minimum of four matches to be included in the 
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analyses, reducing the sample to n = 560. This was done to ensure there was sufficient data to 

give a representative summary of their typical performance. 

Table 4.1 Champion data definitions of the 11 AFL Player Rating categories. 

Category Type Category Description 

Ball Winning Stoppage Points from possessions won pre-clearance at stoppages. 

Mid Chain Points from possessions excluding those won at stoppages 
or as intercepts. 

Intercepts Points from intercept possessions. 

Ball Use Run and 
Handball 

Points from handballs, and ball carrying between the 
possession and handball. 

Field Kicks Points from field kicks. 

Shots at Goal Points from shots at goal. 

Kick Ins Points from kick ins. 

Hitouts Hitouts Points from hitouts to advantage and points lost from 
hitouts to opposition. Neutral hitouts gain zero points. 

Defence Spoils Points from spoils. 

Pressure Points from pressure - including tackles and smothers. 

Negatives Negatives Points lost from frees against, 50 metre penalties against, 
dropped marks, no pressure errors and missed tackles. 
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Table 4.3 Descriptions of the seven player roles used in this study. 

Player Roles Description 

General Defender Plays a role on opposition small-medium forwards and usually 
helps create play from the backline 

Key Defender Plays on opposition key forwards with the primary role of 
nullifying his opponent 

General Forward Plays predominantly in the forward half of the ground but 
with more freedom than a key forward 

Key Forward Plays predominantly as a tall marking target in the forward 
line 

Midfielder Spends the majority of time playing on the ball or on the wing 

Midfield-Forward Splits time equally between the forward line and the midfield. 
Often lines up on the half-forward flank but plays a 
significant amount of time in the midfield 

Ruck Has the primary role of competing for hit-outs at a stoppage 

4.3.2 Statistical analysis 

Descriptive statistics (mean and standard deviation) of the AFL Player Rating categories were 

calculated for each of the a priori defined player role classifications (n = 7). These indicators 

were then visualised using a basic bar plot to show the distribution of the data. A recursive 

partitioning and regression tree model (Breiman et al., 1984) was used to classify players into 

their a priori determined player role classifications based on the relative contributions outlined 

in their performance profiles. This analysis was undertaken using the rpart package (Therneau, 

Atkinson & Ripley, 2015) in the R statistical computing software version 3.3.2 (R Core Team, 

2016). A required minimum of 75 cases were needed for a node to split, and the complexity 

parameter was set at 0.005 in order to include all player roles in the model. These measures 
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were undertaken in order to avoid overfitting and to produce a more parsimonious model. 

Results of the model were averaged across 10-fold cross-validation and displayed using a tree 

visualisation and a confusion matrix.  

The performance profile of each player was then analysed using Euclidian distances to model 

the level of dissimilarity between individual players. This analysis was undertaken using the 

stats package (R Core Team, 2016). The Euclidian distances were outputted as a matrix 

providing a measure of the dissimilarity between each individual player. Results of the model 

were expressed as the dissimilarity measures for the five most similar pairs of individuals from 

within the whole AFL, as well as those most similar to a specific player. A secondary matrix 

was created using only the players from one AFL club list. A network plot was created from 

this secondary matrix to create a practical decision support application, whereby each player is 

connected to their three most similar players at a length relative to each pairs level of similarity. 

Additionally, each player’s role classification, as determined by the classification tree model, 

and average absolute AFL Player Rating over the 2016 season is highlighted. 

4.4 Results 

Descriptive statistics for each of the a priori player role classifications are presented in Figure 

4.1. The overall classification accuracy of the model was reported at 74.3% (95% confidence 

interval = 70.5–77.9) for the 10-fold cross-validation. The final model is presented in Figure 

4.2 and shows that intercepts, spoils, mid chain, hitouts and stoppages all contributed to the 

model; with the fractions indicating the absolute classification rate at the node (i.e., in actual 

numbers of players). A confusion matrix outlining the absolute true and false positive 
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classifications, as well as the overall classification rate for each player role is outlined in Table 

4.4. 

Figure 4.3 displays how the nodes from the tree output can be visualised. The relative 

contributions to three of the four categories from the right-hand branch of the classification tree 

are plotted with respect to a player’s a priori player role classification. The x- and y-axis 

intercept lines represent the levels at which nodes one and three split from the classification 

tree model (intercepts and mid chain, respectively). With respect to the other player roles, both 

key and general defenders acquire a considerable proportion of their rating points from 

intercepts (averaging 47.1% and 54.5% of rating points, respectively, compared to 13.6–21.7% 

for all others). Similar patterns are seen for both key and general forwards with rating points 

from mid chain (49.1% and 32.2%, respectively, compared to 4.2–21.2% for all others), and 

for midfielders, rucks and midfield-forwards with respect to rating points from stoppages 

(30.3%, 27.8 and 24.9%, respectively, compared to 2.7–10.8% for all others).  
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Figure 4.2 Classification tree model explaining player role classification rates for the 

560 players who played four or more games during the 2016 AFL season. 

Fractions indicate the absolute classification rate at the node. “Gen Def”, 

General Defender; “Gen Fwd”, General Forward; “Key Def”, Key 

Defender; Key Fwd”, Key Forward; “Mid”, Midfielder; “Mid-Fwd”, 

Midfield-Forward. 
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Table 4.4 Confusion matrix for the classification tree model. 

Gen 
Def 

Gen 
Fwd 

Key 
Def 

Key 
Fwd 

Mid 
Mid-
Fwd 

Ruck 
Total 
(560) 

Classification 
rate 

Gen Def 100 0 10 0 11 1 0 122 0.820 

Gen Fwd 1 62 0 15 6 10 0 94 0.660 

Key Def 16 0 52 0 0 0 1 69 0.754 

Key Fwd 2 1 0 55 0 0 0 58 0.948 

Mid 11 0 0 4 112 5 2 134 0.836 

Mid-Fwd 2 4 0 8 21 13 0 48 0.271 

Ruck 2 0 0 11 0 0 22 35 0.629 

“Gen Def”, General Defender; “Gen Fwd”, General Forward; “Key Def”, Key Defender;       

“Key Fwd”, Key Forward; “Mid”, Midfielder; “Mid-Fwd”, Midfield-Forward. 

From the dissimilarity matrix, those individual player’s with the most similar playing roles can 

be identified. Table 4.5 outlines the top five most similar player combinations and their level 

of dissimilarity. Table 4.6 highlights the players most similar to a specific player and their level 

of dissimilarity.  

By filtering the players included in the model, the dissimilarity within specific groups can be 

highlighted. For example, Figure 4.4 outlines the level of dissimilarity through a network plot 

visualisation of one AFL club list. This figure shows that the three key forwards, along with 

two general forwards form a separate network to the remainder of the squad. Additionally, the 

general defenders form a link between the key defenders and the midfielders, whilst the 

remaining general forwards, and the only ruckman and midfield-forward, form links with the 

network of midfielders. 
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Figure 4.3 Scatterplot displaying the relationship between Intercept, Mid Chain and 

Stoppage categories, expressed as relative contribution to overall rating. 

Each point represents a single player. Players are grouped based on their 

a priori player role classification. 
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Table 4.5 Dissimilarity measures of the five most similar pairs of playing roles during 

the 2016 AFL season. 

Player 1 Player 2 

Dissimilarity  Name Role Club Name Role Club 

0.0299 
Aliir 
Aliir 

Gen 
Def 

Sydney 
Swans 

Martin 
Gleeson 

Gen Def Essendon 

0.0443 
Jack 

Viney 
Mid Melbourne 

Brad 
Crouch 

Mid 
Adelaide 
Crows 

0.0500 
Cyril 
Rioli 

Gen 
Fwd 

Hawthorn 
Steve 

Johnson 
Gen 
Fwd 

GWS Giants 

0.0502 
Zach 

Merrett 
Mid Essendon 

David 
Zaharakis 

Mid Essendon 

0.0520 
Chad 

Wingard 
Gen 
Fwd 

Port Adelaide 
Jesse 
White 

Key 
Fwd 

Collingwood 

Table 4.6 Dissimilarity measures of individuals with the five most similar playing 

roles to that of Patrick Dangerfield (Midfielder, Geelong Cats), during the 

2016 AFL season. 

Dissimilarity Name Role Club 

0.1009 Jarryd Lyons Mid Adelaide Crows 

0.1042 Dylan Shiel Mid GWS Giants 

0.1054 Shane Edwards Mid Richmond 

0.1010 Shaun Grigg Mid Richmond 

0.1111 Ryan Bastinac Mid Brisbane Lions 
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Figure 4.4 Network plot of the Adelaide Crows squad for the 2016 season. Each player 

is connected with their three most similar players in the squad, as 

determined by the Euclidean distances. Players are coloured based on their 

role classification. Size is a measure of each player’s average absolute AFL 

Player Rating. 
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4.5 Discussion 

This study aimed to identify the extent to which performance profiles could be used to both 

classify players into a priori determined player role categories, and determine the level of 

similarity between the playing styles of each individual player competing within the AFL. Two 

separate analyses were used to develop models addressing these aims. Modelling player role 

through multiple approaches (supervised and unsupervised, respectively) enables an 

understanding of player identification relative to that of both generalisable playing roles, as 

well as relative to other individual players. For the analyses, relative instead of absolute values 

were used to avoid a scenario whereby high-scoring players were intuitively clustered together, 

thus limiting the practical utility of the exercise. The relative proportion of ratings points 

acquired from each of the AFL Player Rating categories provides more context to player roles 

and player similarity within the AFL and could be used for team and squad selection.  

The classification tree model (Figure 4.2) revealed the relative category contribution levels 

most indicative of player role classification. Notably, it displays that each of the categories 

relating to ball winning (stoppages, mid chain and intercepts) are included in the model, whilst 

none relating to ball use (run and handball, field kicks, shots at goal and kick ins) are included; 

thus indicating the importance of how a player wins the balls on player role classification. The 

model results also reflect what is seen in the scatterplot visualisation (Figure 4.3) and the 

descriptive statistics (Figure 4.1), but provide further detail into the distinction between the 

classifications of each of the seven player role categories. Specifically, key defenders typically 

acquire more ratings points from spoils than general defenders; this is consistent with findings 

previously found in elite junior AF (Woods, Veale, et al., 2018). It also highlights that hitouts 

are a defining category for rucks, which is expected as rating points from this category are 
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almost exclusively acquired by ruckman (as defined by the player role description of a ruck in 

Table 4.1). Furthermore, stoppages are the defining category for determining the classification 

between midfield-forwards, general forwards and key forwards. Although, both general and 

key forwards are not noted for winning points from this category, the distinction is likely due 

to stoppages (like intercepts) being a category in which negative points are not attributed to, 

producing lower intra-role variability. This is evident by the lower relative standard deviations 

seen for stoppages in Figure 4.1.  

With respect to the other player roles, the classification matrix (shown in Table 4.4) outlined 

that midfield-forwards had a relatively low classification rate. This is perhaps unsurprising as 

the midfield-forward classification is a dynamic role used to classify players who split their 

time between the forward line and the midfield (description outlined in Table 4.1). Champion 

Data’s distinction of players who are classified as a midfield-forward, as opposed to a 

midfielder or a general forward, is dictated by the relative time spent in certain regions of the 

ground. The low classification rate in midfield-forwards and to a lesser extent rucks, begs the 

question as to whether introducing further player roles may improve classification accuracy. 

For example, almost all of the misclassified ruckman were classified as key forwards (11 of 

13). Previous research has eluded that key forwards often share a proportion of the ruckman’s 

main responsibility in competing for hitouts at stoppages (Veale, Pearce & Carlson, 2007). A 

classification could be introduced to identify those who play a role which encompasses the 

main actions performed by both a key forward and a ruck.  

The Euclidean distance measures provide practical objective support for decisions regarding 

player selection and recruitment in an applied setting. The outline of players most similar to 

one another within a specific AFL club’s playing list highlighted that players with completely 
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different absolute ratings could be identified as similar in the way they perform. This 

application may be ideal for supporting week-to-week match selection when looking to replace 

an injured player. Similarly, it may be used to support list management decisions to identify 

whether specific gaps will arise on their clubs playing list, or whether there are already suitable 

replacements, in the case of long-term injuries or retirement of players. In contrast, including 

all prospective players in the model, and identifying those most similar to a specific individual 

could be used for list management purposes, when looking to identify players similar to that of 

an already listed or overly expensive, thus unattainable player. Both the methodology and 

findings of this unsupervised model provide practical alternates to that of similar models in AF 

(Jackson, 2016b).  

Although the AFL Player Ratings metric has not been extended for use outside of the AFL, the 

findings of this study reflect notions alluded to in other research suggesting that the use of more 

tailored technical skill indicators could be utilised in order to objectively recognise unique 

player attributes, and to classify playing roles (Woods, Veale, et al., 2018). Until a point when 

this data becomes available for AFL feeder competitions (i.e., national under 18 

championships, and second-tier state leagues), AFL organisations should look to report on, and 

analyse, similar specific performance indicators, in order to improve their ability to identify 

player roles and provide decision support.  

A limitation of this study should also be noted. Champion Data’s player classifications are 

determined relative to a set of fixed criteria, and can change throughout the course of the 

season. In this study, the a priori classifications used for player roles were based on each 

player’s classification at the conclusion of the season. Thus, there is no way to account for a 

player’s within season role variations. This includes players who may have changed their role 
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completely part may through the season, as well as those who frequently split their game time 

between the roles of two of the a priori player role classifications. Although this may have 

reduced the overall classification rate, it may shape the performance profile of these individuals 

within the unsupervised model to highlight their ability to play multiple roles. In order to 

improve the accuracy of the player role classifications, and to determine the extent to which 

individual classifications vary across the season, future work may look to classify each 

individual’s role based on that which they played during each individual match, rather than 

across a full season. Furthermore, future research could also focus on the development of 

additional player role classifications to more accurately identify groups of players whose roles 

do not fit the current classifications. 

4.6 Conclusion 

The models developed in this study provide evidence that player role can be determined using 

performance data relating to player actions. Firstly, the supervised model found the role 

classifications of key forwards, midfielders and general defenders the easiest to objectively 

classify, whilst the dynamic midfield-forward role more difficult to define. Specifically, the 

model outlined the importance of how a player wins the ball on player role classification. 

Secondly, the unsupervised model highlighted that using relative proportions of ratings can be 

used to highlight similarity in performance for players with completely different absolute 

ratings. Finally, the models produced in this study provide AFL organisations with objective 

applications that could be used to support decisions regarding player roles. 
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CHAPTER FIVE – STUDY III 

Chapter Overview 

Chapter Five is the third of the studies contained in this thesis. The study looks to develop two 

separate models to objectively benchmark AFL player performance, and to identify stages of 

peak performance and specific breakpoints longitudinally. It achieves this aim by considering 

a player’s age, experience, positional role, and both draft type and round in which they were 

selected.  

This chapter contains an abstract (section 5.1), introduction (section 5.2), methods 

(section 5.3), results (section 5.4)� discussion (section 5.5) and conclusion (section 5.6) 

sections. The content of this chapter was published in Frontiers in Psychology, within the 

Research Topic: Performance Analysis in Sport (McIntosh, Kovalchik & 

Robertson, 2019b). Additionally, preliminary work relating to the study was presented at the 

World Congress of Performance Analysis of Sport XII. 
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This study aimed to develop a model to objectively benchmark professional Australian
Rules football (AF) player performance based on age, experience, positional role and
both draft type and round in the Australian Football League (AFL). The secondary
aims were to identify the stage of peak performance and specific breakpoints in AF
player performance longitudinally. AFL Player Ratings data were obtained for all players
(n = 1052) from the 1034 matches played during the 2013–2017 seasons, along
with data pertaining to the abovementioned player characteristics. Two separate linear
mixed models revealed that all factors influenced player performance, with age and
experience the strongest in each model, respectively. Post hoc Tukey tests indicated
that performance was affected by age at each level up until the age of 21 (effect ranging
from 0.98 to 3.70 rating points), and by experience at the levels 1–20 and 21–40
matches in comparison to all higher levels of experience (effect ranging from 1.01 to 3.77
rating points). Two segmented models indicated that a point of marginal gains exists
within longitudinal performance progression between the age levels 22 and 23, and
the experience levels 41–60 and 61–80 matches. Professional sporting organisations
may apply the methods provided here to support decisions regarding player recruitment
and development.

Keywords: decision support, performance analysis, data visualisation, player evaluation, team sport

INTRODUCTION

Identifying when peak performance typically occurs in athletes is an important consideration
within professional team sport organisations. Specifically, at what point in an athletes career are
they likely to reach their peak. Such information can be used to inform contracting as well as the
make-up of team rosters. The identification of peak performance can be measured longitudinally
on various time series including the age of an athlete, amount of years within a professional
program and their match’s experience (Torgler and Schmidt, 2007). Additionally, various type
of peaks have been investigated within the notational team sport literature, including when an
athlete is at their physiological peak (Reilly et al., 2000), when they reach their peak market value
(Kalén et al., 2019), as well as when their on-field performance is at its peak (Fair, 2008; Bradbury,
2009; Dendir, 2016). Although peak performance has been well documented longitudinally for
age in individual sporting events (Schulz and Curnow, 1988; Allen and Hopkins, 2015; Longo
et al., 2016), its identification within team sports may be more complex. This complexity primarily
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arises due to the difficulty objectively outlining individual
performances given that there are no quantifiable outcomes
which occur directly from player actions in most team sports
(Travassos et al., 2013; Robertson et al., 2015). Additionally,
there is an increased importance of specific skill demands
required in team based sports, including non-physical abilities
such as experience and strategic knowledge (Bradbury, 2009),
as well as the complexity of accounting for differences
individual playing roles.

Despite this, individualised assessment of match performance
in professional team sports is commonplace. This includes
both subjective assessments of performance, as made by team
coaches, management and within the media, as well as objective
assessments made through data-driven techniques (Carling et al.,
2008; Bonney et al., 2019). Although subjective assessments are
often made by those in influential decision making positions
(i.e., coaches), there has been a change within professional
sport organisations toward supporting decisions with objective
assessments (Maymin, 2017). Concurrently, there has been
an increasing amount of data-driven techniques proposed in
literature regarding assessing individual player performance in
team sport on a quantitative scale. Some examples include
Radovanović et al. (2013) who developed a player efficiency
rating, which objectively measures a player’s productivity in
basketball based on player actions such as points, assists,
rebounds, steals and turnovers, and their outcomes. Similarly,
McHale et al. (2012) developed a player performance index to
rate the performance of players in the top two leagues of English
soccer on a quantitative scale including items such as match
contributions, winning performance, match appearances, goals
scored, assists, and clean sheets.

Australian Rules football (AF) is a dynamic invasion team
sport played between two opposing teams consisting of 22
players each (18 on the field and four interchange). In the elite
competition of AF, the Australian Football League (AFL), players
can be drafted to a professional club and begin playing as early as
the age of 18, with various players managing to continue playing
into their middle-to-late thirties. There has been a substantial
amount of research developed in AF to identify the physical
and technical characteristics of individual players with respect
to match performance (Young et al., 2005; Veale et al., 2008;
Mooney et al., 2011; Tangalos et al., 2015; Woods et al., 2016).
However, to our knowledge there has been no research examining
longitudinal player performance in professional AF. However,
various studies exist in the wider notational sport literature which
investigate longitudinal player performance, predominantly on
identifying the age at which peak performance occurs. Examples
include Dendir (2016), who used mixed effects models, and
identified that the peak age of performance in the top four
professional soccer leagues varied between 25 and 27, depending
on position. Kalén et al. (2019) similarly looked to identify the
peak age of performance in professional soccer. Using a one-
way ANOVA and linear regression they found that a significant
longitudinal shift in peak age has occurred from 24.9 years in
1992–1993 to 26.5 years in 2007–2018. Using a random effects
model Bradbury (2009) investigated peak performance of skills
in baseball, finding that overall performance peaks around the

age of 29. Specifically, athletic skills such as hitting and running
peak earlier, whilst skills based on experience and knowledge
such as drawing walks, peak later. Fair (2008) also examined the
estimated age effects in baseball. Using a non-linear fixed effects
regression, they found that the peak age and begin of decline in
performance occurred around the age of 26 years for pitchers, and
28 years for batters.

In the abovementioned studies, both Dendir (2016) and Fair
(2008) emphasise that considerations or assumptions must be
made about other factors when assessing longitudinal player
performance. Notably, a player’s position and their level of
experience. In addition to these factors, another consideration is
the position at which players are selected in their respective draft.
Studies such as O’Shaughnessy (2010) have looked to develop
a valuation system for the AFL National Draft, indicating that
earlier selections are valued more highly on the basis that clubs
can select the best available player in the pool.

In addition to identifying peak player performance, longi-
tudinal research has also looked to identify whether specific
changes in trends occur within a time series. Within sport
performance, this research has consisted of identifying longi-
tudinal changes in trends of physical performance (Fransen et al.,
2017; Towlson et al., 2018), game related statistics (Lorenzo et al.,
2019), and gameplay (Wolfson et al., 2015; Woods et al., 2017),
as well as whether external factors such as a player’s contract
status effect performance (Gómez et al., 2019). Though this type
of model has not been applied to player performance in team
sports, the use of this procedure would allow for the construction
of a model to identify whether a breakpoint in longitudinal player
performance exists.

The ability to benchmark player performance longitudinally
is inherently valuable to many sports, and could be used to
support organisational decisions regarding player contracting,
recruitment and development (Kalén et al., 2019). In the
AFL, there is a large emphasis on decisions relating to player
contracting and recruitment as clubs are confined in their ability
to remunerate players by a salary cap. Decisions relating to
player development are also vital, as clubs do not have the
opportunity to attain additional players within season. As such,
the ability to inform these decisions based on comparisons of
player performance against model-expected performance, or the
ability to forecast future performance is advantageous. Further,
a greater understanding of when performance progression is at
its maximum, or conversely when progression is expected to
deteriorate, could have important implications for the type of skill
development implemented for specific individuals.

There are various player performance measures which are
produced commercially within the AFL. The “AFL Player
Rankings” is produced by statistics provider Champion Data
Pty Ltd., measures player performance by awarding players a
fixed value for specific performance actions. The values for these
actions were determined relative to their observed relationship to
teamwinningmargin (Herald Sun, 2016). Alternatively, the “AFL
Player Ratings”, which is also produced by statistics provider
Champion Data Pty Ltd., measures player performance based on
the principle of field equity. In this metric, points are awarded
to (or deducted from) a player based on contextual information
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relating to each possession, relative to how much their actions
increase or decrease their team’s expected value of scoring next
(Jackson, 2009; McIntosh et al., 2018).

The primary aim of this study was to develop a model
to objectively benchmark AFL player performance whilst
considering their age, experience, positional role and both draft
type and round in which they were selected. The secondary
aims were to identify the stage of peak performance and specific
breakpoints in player performance longitudinally. To achieve
these, this study will consider the player characteristics andmodel
types outlined in the abovementioned literature.

MATERIALS AND METHODS

Data
The AFL Player Ratings were utilised as the objective measure of
player performance in this study due to its validity and its equity-
based nature (Jackson, 2009;McIntosh et al., 2018). In this metric,
a player’s overall match performance is measured by the overall
change in equity that is created by that player’s actions during
the course of a match (Jackson, 2009). The change in equity is
determined by expected value of their team scoring next. These
expected values are based on contextual information relating
to possessions (i.e., field position, pressure from opponents,
possession outcome) collected from all AFL matches preceding
back to the 2004 season (Jackson, 2009).

These AFL Player Ratings were obtained fromChampionData
Pty Ltd. for all 1034 matches played throughout the 2013–2017
AFL seasons. This included 22 matches played by each team
during the regular season rounds, as well as a total of nine
matches played throughout the finals series each season. One
match was abandoned prior to play during the 2015 season.
The AFL Player Ratings data were expressed as a mean season
rating for each player across each of the five seasons. The sample
included a mean of 3.15 seasons per player (±1.55 SD) among
1052 unique players, giving a total sample size of n = 3317.

Data pertaining to player characteristics were also collected
in order to assess their relationship with performance. Age
(determined by the players age at 31st December of the
previous year), experience (determined by the number of
AFL matches played, independent of seasons, and taken at
the conclusion of each season), positional role classification
(determined by Champion Data’s classification at the conclusion
of each season; classifications outlined in Appendix Table A1)
and the characteristics of the draft (draft types outlined in
Appendix Table A2) in which each player was first selected by
an AFL club were all collected as descriptive variables. Prior to
data collection, the study was approved by the relevant human
research ethics committee.

Data Analysis
For modelling purposes, various aspects of the data required
transformation. All characteristics were considered as categorical
variables. Categorisation levels for age and experience were
determined by evaluating the change in Akaike’s Information
Criterion for differing amounts of categories (Akaike, 1987).

Sixteen categories for both characteristics were chosen by
identifying the minimum number of categories at which the
point gains in Akaike’s Information Criterion became minimal
(<10). This allowed for discretisation that balanced model fit
and complexity (Bozdogan, 1987). Age was expressed as integer
categories (18, 19, 20, . . ., 33+), where due to the limited sample
size of players aged 33–40 years, data were combined into one
category. Experience was expressed in intervals of 20 matches
(1–20, 21–40, 41–60, . . ., 301+), where all players with 301
or more matches experience were similarly combined into one
category due to the limited sample size. Categorisation levels for
draft selection were arbitrarily expressed over ten levels relative
to the type and round in which they were first selected by an
AFL club (five levels for National Draft rounds 1 to 5+, four
levels for Rookie Draft rounds 1 to 4+, and one category for
the Preseason Draft). Due to the limited sample size of players
drafted after round five of the national draft, after round four of
the rookie draft, and in total from the preseason draft, data were
combined into one category for each draft type. Positional role
classification was expressed across the seven levels as determined
by Champion Data (general defender, key defender, general
forward, key forward, midfielder, midfield-forward, and ruck).

Further, as part of the entry concessions given to newly
established clubs, the Gold Coast Suns and the Greater Western
Sydney Giants, 45 players from the dataset were drafted to AFL
clubs prior to the 2011, 2012, and 2013 AFL seasons via non-
traditional draft methods. Considering the circumstances of these
concessions, all players drafted via methods of zone selection,
as an underage recruit, through the AFL mini-draft, as an AFL
initiative or were pre-listed by an AFL club (n = 42), were
considered as first round selections within the national draft.
Further, those drafted after being overlooked in the prior year’s
national draft (n = 3) were considered as first round selections
within the rookie draft.

Statistical Analysis
Descriptive statistics for age and experience, and how they relate
to AFL Player Ratings [mean ± 95% confidence intervals (CI)]
were obtained. The number of matches played per season and
proportion of players were also collected and plotted across
age and experience. Prior to undertaking the main analyses,
Spearman’s correlation analyses were employed to determine
the extent of collinearity between each of the four player
characteristics. This analysis was undertaken using the Hmisc
package (Harrell, 2017) in the R statistical computing software
version 3.3.2. (R Core Team, 2016). This analysis revealed a
strong association between age and experience (r = 0.83), whilst
all remaining associations were weak (r < 0.15). As a result,
separate models were created throughout the further analyses,
utilising age and experience as the independent variables in each.

To determine the extent to which these characteristics affect
performance, linear mixed models were applied using the lme4
package (Bates et al., 2015). Two separate models were created,
each incorporating either age or experience, with all other factors
included in both. This particular approachwas used to control the
variability created by the repeated measures data on each player.
Specifically, the factors of interest (age, experience, positional
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FIGURE 1 | Violin plot outlining the density of the average AFL Player Ratings (±95% CI) for (A) age and (B) experience, respectively. The number of observations in
each group are outlined.

FIGURE 2 | Violin plot outlining the density of the average AFL Player Ratings (±95% CI) for (A) draft and (B) positional role, respectively. The number of
observations in each group are outlined.
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role, and draft selection) were treated as fixed effects, and player
as a random effect in both models. Each model took the form of:

PRps = β0 + β1Xps + β2Yps + β3Zp+ ∝p +εps

where PRps is the AFL Player Rating average of player p
in season s (s = 2013–2017). β0, β1, β2, and β3 are fixed
coefficients, andX,Y, and Z are observed covariates. Inmodel (1),
Xps and Yps represent the player’s age and positional role for
the corresponding season, respectively, whilst Zp represents
the category outlining the player’s draft selection, which stays
consistent between seasons. The parameter∝p is a player random
effect, which makes the intercept of the model specific to each
player and allows for individualised performance projections.
The player random effect is treated as constant across seasons
and each effect is a draw from a normal distribution with equal
variance for all players. The parameter εps denotes the player-
season residual error. Model (2) takes the exact same form as

model (1), however, Xps instead represents a player’s experience
for the corresponding season.

Based on the fixed effects estimates, benchmark levels of
performance were plotted (∝p = 0) for age and experience,
respectively, where means and 90% prediction intervals (PI)
are averaged over the levels of positional role and draft for
both. A post hoc Tukey test was performed to adjust for
multiple comparisons, and to determine whether performance
was different within each level of age and experience, and thus
identifying a hypothesised breakpoint in performance. To further
assess whether a breakpoint exists in each of the linear mixed
models, a segmented model (or “piecewise linear model”) was
fit to the data to estimate if a change in the trend of the
data occurs. This analysis was undertaken using the segmented
package (Muggeo, 2008). As a result of the post hoc Tukey tests,
we specified the levels 22 for age, and 41–60 for experience as
the hypothesised break points. Within this analysis, these points
are used as starting points for which the model uses to estimate

FIGURE 3 | Proportion of players in the dataset by (A) age and (B) experience.

FIGURE 4 | Boxplot outlining the distribution of matches played per season by players in each level of (A) age and (B) experience.
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TABLE 1 | Model (1) fixed effect regression coefficients outlining the estimated
difference in rating points from the reference level of each factor.

Regression coefficients (±SE)

(Intercept) 7.11 (0.23)

Age 19 0.98 (0.20)

Age 20 1.93 (0.21)

Age 21 2.62 (0.21)

Age 22 3.06 (0.22)

Age 23 3.32 (0.22)

Age 24 3.39 (0.23)

Age 25 3.69 (0.24)

Age 26 3.70 (0.25)

Age 27 3.68 (0.26)

Age 28 3.31 (0.27)

Age 29 3.18 (0.29)

Age 30 2.80 (0.32)

Age 31 2.48 (0.37)

Age 32 2.56 (0.44)

Age 33+ 2.46 (0.47)

Positional role Gen Def −1.25 (0.17)

Positional role Gen Fwd −1.13 (0.17)

Positional role Key Def −1.128 (0.23)

Positional role Key Fwd −1.79 (0.23)

Positional role Mid Fwd −0.79 (0.19)

Positional role Ruck −0.38 (0.29)

Draft National 2 −0.78 (0.23)

Draft National 3 −0.74 (0.25)

Draft National 4 −0.94 (0.32)

Draft National 5+ −1.21 (0.47)

Draft Rookie 1 −1.47 (0.32)

Draft Rookie 2 −1.62 (0.33)

Draft Rookie 3 −1.56 (0.39)

Draft Rookie 4 + −1.75 (0.38)

Draft Preseason −1.03 (0.57)

Reference level for each factor were: age 18, positional role midfield,
Draft National 1.

breakpoints. A level of significance was accepted at p < 0.01
in all analyses.

RESULTS

Descriptive statistics are outlined in Figures 1, 2 for age and
experience, and positional role and draft, respectively. Figure 3A
highlights that the proportion of players competing in the AFL
is at its highest at ages 20–22, and then declines with each
consecutive age level thereafter. Further, Figure 3B highlights
that the proportion of players is highest in the least experienced
group (20 matches or less), and similarly declines with each
consecutive category level of experience thereafter. On the
contrary, Figure 4 indicates that the average number of matches
played per season increases with both age and experience.

Results of the linear mixed models revealed that all factors
affected levels of performance in both models at p < 0.01.
Model (1) produced a root mean square error of 1.77 and

TABLE 2 | Model (2) fixed effect regression coefficients, outlining the estimated
difference in rating points from the reference level of each factor.

Regression coefficients (±SE)

(Intercept) 7.43 (0.18)

Experience 21–40 1.31 (0.14)

Experience 41–60 2.32 (0.16)

Experience 61–80 2.79 (0.18)

Experience 81–100 3.19 (0.18)

Experience 101–120 3.38 (0.20)

Experience 121–140 3.48 (0.22)

Experience 141–160 3.39 (0.23)

Experience 161–180 3.77 (0.25)

Experience 181–200 3.43 (0.27)

Experience 201–220 3.53 (0.29)

Experience 221–240 3.32 (0.33)

Experience 241–260 3.02 (0.36

Experience 261–280 3.74 (0.43)

Experience 281–300 2.46 (0.47)

Experience 301+ 3.02 (0.52)

Position Gen Def −1.17 (0.16)

Position Gen Fwd −1.24 (0.16)

Position Key Def −1.07 (0.21)

Position Key Fwd −1.49 (0.22)

Position Mid Fwd −0.74 (0.19)

Position Ruck −0.12 (0.26)

Draft National 2 −0.54 (0.20)

Draft National 3 −0.30 (0.23)

Draft National 4 −0.27 (0.29)

Draft National 5+ −0.75 (0.42)

Draft Rookie 1 −0.89 (0.29)

Draft Rookie 2 −0.85 (0.30)

Draft Rookie 3 −0.46 (0.35)

Draft Rookie 4 + −0.71 (0.34)

Draft Preseason −0.49 (0.51)

Reference level for each factor were: experience 1–20, positional role midfield,
Draft National 1.

Chi-square values of 356.9 for age, 98.7 for positional role and
57.1 for draft. Comparatively, model (2) produced a root mean
square error of 1.82 rating points and Chi-square values of 523.5
for experience, 100.4 for positional role and 21.7 for draft. The
values indicate that age and experience had the largest influence
on performance in each of the models, respectively, followed by
positional role. Tables 1, 2 outline the fixed effect coefficients (β0,
β1, β2, and β3) for each factor level of the characteristics in each
of the respective models.

Results of the post hoc Tukey test indicated that performance
was affected by age at various age levels up until the age of 21
(mean differences ranged from 0.98 to 3.70 player rating points).
However, no two levels above the age of 21 were seen to exhibit
different levels of performance. For experience, differences were
seen at the levels of 1–20 matches and 21–40 matches in
comparison to all higher levels of experience (mean differences
ranged from 1.01 to 3.77 player rating points), and for various
experience levels in comparison to 41–60matches. No differences
were seen between any levels above this for experience.
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FIGURE 5 | Benchmark levels of AFL Player Ratings (±90% PI) by (A) age and (B) experience, based on the fixed effects estimates. Blue x-axis intercept lines
represent the level at which the breakpoint in performance occurs for both age and experience, respectively. Red regression lines represent the multiple linear fits of
the segmented models.

The segmentedmodels identified a breakpoint in performance
for both age and experience. The results indicate that a
breakpoint in age occurs between the age levels 22 and 23, where
performance is seen to increase linearly 0.75 rating points per
age level prior to this breakpoint, and decline linearly 0.09 rating
points per age level thereafter. The breakpoint identified for
experience occurs between the levels 41–60 and 61–80, where
performance is seen to increase linearly 1.24 rating points per
level of experience prior to this breakpoint, and then continue to
increase linearly 0.04 rating points per experience level thereafter.
Figure 5 displays the benchmark levels of performance for both
age and experience, where player specific random effects (PSRE)
are removed. X-axis intercept lines and regression lines were
added to Figure 5 to represent the level at which the identified
breakpoint in performance occurs, and the change in the trend of
player performance, respectively, for both age and experience.

By applying the PSRE and the fixed effect estimates from
the linear mixed models, various applications can be created to
benchmark player performance. For example, Figure 6 visualises
the actual past performance and future player specific expectation
of performance (fit and 90% PI) for a specific player, as compared
to their fixed effect estimate of performance using model (1). This
application indicates the player’s performance has been below
the benchmark level of performance since 2014, but within the
90% PI, and is expected to remain fairly consistent in the three
forecasted seasons. Figure 7 outlines how model (1) could be
used for player comparison, indicating that the player in blue is
likely to perform better in each of the forecasted seasons. Further,
Figure 8 visualises the actual past performance and future player
specific expectation of performance (fit only) for a specific player,
using both the models based on age (blue) and experience (red).

Additionally, the PSRE provide a measure of player ranking,
which adjusts for the individual fixed effects characteristics.
Table 3 outlines the top five players in each positional roles,

as determined by the average of the PSRE across the two linear
mixed models. Player positional role was determined by the
category in which they were categorised the most frequently over
the five seasons.

DISCUSSION

The primary aim of this study was to develop a model to
objectively benchmark player performance whilst considering

FIGURE 6 | Benchmark levels of AFL Player Ratings for a specific player using
the age linear mixed model. Black lines represents actual performance to
2017 and player specific expectation (±90% PI) of performance from 2018.
Red ribbon represents fixed effects estimates based on characteristics of
same player.
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FIGURE 7 | Benchmark levels of AFL Player Ratings for two specific players
using the age linear mixed model. Red line represents actual performance
prior to 2017. Red and blue lines indicate player specific expectations (±90%
PI) of performance from 2018 for each player. Black x-axis intercept line
indicates point of comparison.

FIGURE 8 | Benchmark levels of AFL Player Ratings for a specific player using
the both the age (blue) and experience (red) linear mixed models. Black line
represents actual performance to 2017. Blue and red points indicate
expectation of performance from 2018 using each the age and experience
models, respectively. Similarly, each ribbon represents fixed effects estimates
based on characteristics of same player in each model.

their age, experience, positional role, and both draft type and
round in which they were selected. It also aimed to identify
the stage of peak performance and specific breakpoints in
player performance longitudinally. Separate linear mixed model
analyses were implemented to benchmark performance based on
the multifactorial fixed effects estimates. Segmented models were
fit to these fixed effect estimates to determine if and where a
change in the linear trend of performance progression occurs.

Visual inspection of the descriptive statistics in Figures 1A,B
indicate that performance continues to improve throughout
an AFL players career (as indicated by the gradual increase
in average AFL Player Ratings for both age and experience,
respectively). However, it must be noted that this type of
analysis is susceptible to selection biases (Brander et al., 2014).
Specifically, previous research has identified that these biases
can be bought upon as a result of better-performing players
typically having longer careers than other players (Bradbury,
2009; Dendir, 2016). Figures 3, 4 highlight this bias on the basis
that player selection is a subjective identification of each clubs
best performers. Specifically, Figure 3 outlines the proportion of
players in the dataset, and indicates that there are less players
across the sample in older and more experienced categories,
respectively; however, Figure 4 shows that these older and more
experienced players on average play more games per season. The
substantially smaller interquartile ranges and presence of outliers
in Figure 4B, as opposed to Figure 4A, indicates that despite
showing similar increasing trends between the two distributions,
there is less variance in matches played per season with respect
to experience. However, this is somewhat expected due to the
compounding nature of matches played per season, to total
career matches. Visual inspection of the descriptive statistics in
Figures 2A,B also indicates that performance differences are seen
between varying levels of both draft and position, respectively.
These findings align with previous literature investigating
longitudinal player performance, and supports the use of a mixed
model approach to account for fixed and PSRE (Bradbury, 2009;
Dendir, 2016).

Each of the two linear mixed models provide context when
looking to benchmark player performance longitudinally in
AF. In addition to identifying a universal benchmark trend of
performance longitudinally, the models produced in this study
allow player specific values to be obtained, by adjusting each
of the fixed effects relative to the player’s characteristics in
each model. These player specific benchmarks allow for both
retrospective assessment of a players past performance against
expected performance, as well as to forecast player performance
relative to expected characteristics (assumptions must be made
with regards to positional role and experience to forecast).
Applications of these models have the potential to be beneficial
in supporting the decision making processes within professional
AF organisations. Decisions relating to player recruitment
and contracting could be objectively informed by gaining an
understanding of the past and future potential performance of
players, which the club maybe looking to recruit, resign or
remove from their current playing squad. Though the examples
provided in this study feature 90% PI, clubs/organisations
wanting to be more aggressive with their predictions regarding
expected performance could adapt the current models to include
lower PI. Figure 6 provides a specific example of how this can
be visualised. It outlines an actual player’s past performance
(2014–2017) and expected future performance (2018–2021), and
compares this to the benchmark level of performance based
on the characteristics for that player. Alternatively, Figure 7
outlines an actual player’s past performance (2014–2017) and
expected future performance (2018–2021), and compares this to
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TABLE 3 | Top five players in each positional role, as determined by the average of the player specific random effects (PSRE) in each of the linear mixed models.

Player Model 1 PSRE Model 2 PSRE Player Model 1 PSRE Model 2 PSRE

General defender General forward

Zac Williams 4.09 3.14 Brent Harvey 6.18 4.74

Adam Saad 3.30 3.22 Chad Wingard 4.31 3.26

Shaun Burgoyne 3.68 2.84 Eddie Betts 4.19 3.19

Brandon White 3.04 2.57 Luke Breust 4.32 3.02

Daniel Rich 2.97 2.57 Cyril Rioli 3.43 3.00

Key defender Key forward

Jeremy McGovern 4.44 4.11 Lance Franklin 5.21 4.51

Alex Rance 3.59 2.99 Jarryd Roughead 4.23 3.66

Tom McDonald 2.87 2.16 Justin Westhoff 4.22 3.10

Harris Andrews 3.04 1.87 Josh J. Kennedy 3.73 3.02

Josh Gibson 2.94 1.51 Jack Gunston 3.68 2.99

Midfielder Midfield-forward

Gary Ablett 8.29 6.96 Robbie Gray 4.75 3.76

Patrick Dangerfield 6.96 6.30 Dayne Zorko 3.71 3.88

Nat Fyfe 6.61 5.77 Sam Menegola 3.30 4.11

Scott Pendlebury 6.09 5.60 Christian Petracca 3.53 3.42

Marcus Bontempelli 5.44 4.49 Luke Dahlhaus 3.82 2.72

Ruck

Todd Goldstein 4.70 3.68

Nic Naitanui 4.29 3.57

Sam Jacobs 3.60 2.19

Aaron Sandilands 3.95 1.83

Shane Mumford 3.52 1.94

Player positional role determined by the category in which they were categorised the most frequently over the five seasons.

the expected future performance (2018–2021) of a player who is
yet to be drafted.

Though the identified breakpoints found in each model differ
marginally to the findings of the post hoc Tukey test, both
analyses indicate that there is a distinct change in the trend
of player performance occurring in each model, occurring at
around the age 22, and experience level 41–60, respectively.
Specifically, they indicate that this change in the trend represents
a point of marginal gains within each of the model, such that
once these levels are reached the benchmark level of player
performance is expected to somewhat plateau. This indication
of marginal performance gains beyond these respective levels
could have useful implications for both player development
and player recruiting/contracting within professional AF. For
example, clubs may look to persist with selection of players
who are yet to reach these points of marginal gains (as opposed
to older/more experienced players of similar ability), knowing
that match opportunities are potentially more detrimental to
development of the younger/less experienced players. In regards
to player recruiting and contracting, clubs could look to use
these breakpoints as an indication of whether the performance
of current players and/or potential recruits is likely to continue

to improve, or whether their performance has reached a point
of marginal gains. Though only one breakpoint was identified
for each model in this study, clubs/organisations wanting
to further explore the longitudinal performance trends could
adapt the current methodology to identify whether multiple
breakpoints exist.

Despite minor differences, both the models measured longitu-
dinally on each age and experience might be used for different
operational purposes based on the preferences of the organi-
sation. For example, due to the reliance of match opportunity
for the model based experience, applications of this model
may be more suited to benchmark the performance of players
who have experienced long-term injuries or are mature aged
recruits. Conversely, for those who have had sufficient match
opportunities, the models based on age may be more suitable
due to the more progressive nature of age as an independent
variable. Figure 8 visualises this difference in the models through
benchmarking the expected performance of a specific older age,
but lowly experienced individual, using both models.

In addition to providing benchmark levels of performance,
the models produced in this study also provide an indication
of the point at which peak performance occurs longitudinally.
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Specifically, the findings imply that on average players reach
their peak around the age of 22, or 60 matches experience.
In comparison to previous literature, this point at which the
average player reaches their peak age is younger than what has
been identified in other dynamic team sports such as soccer
(Dendir, 2016). Though this peak is identified earlier, there
was no substantial drop-off in performance noted in this study,
indicating that that peak performance in AF may be better
outlined by a peak range. There is no literature available to make
these comparisons in relation to a player’s match experience.

The PSRE outlined in each of the mixed models could also be
used to rank players across the 2013–2017 seasons. Specifically,
this type of ranking would be more generalisable than other
ranking measures that do not adjust for fixed effects such as
those used in our model. Thus it allows comparisons to be
made between players across different ages, levels of experience,
positional roles and draft selections. Table 3 outlined the top five
players in each positional role. The table indicated that despite
accounting for position, the top three midfielders still exhibited
higher PSRE than any other players. As an indication of the face
validity for these random effects to be used to rank players, each
of these three outlined individuals have won the AFL’s award for
the fairest and best player for one of the five seasons included in
the dataset (Gary Ablett in 2013, Nat Fyfe in 2015 and Patrick
Dangerfield in 2016).

Some limitations of this study should also be noted. Though
mixed model approaches have been supported in previous
literature to account for the fixed and random effects associated
with longitudinal player performance; there is also an inherent
understanding that the decline in performance after peak is often
underestimated as a result of athlete drop out. For example,
only the most successful athletes continue to get renewed play-
ing contracts, and are subsequently selected to play at the elite
level. Thus meaning that there is likely some level of perfor-
mance deterioration that goes unnoticed by the model beyond
certain ages/levels of experience. Another limitation is that the
methodology could include additional metrics, such as time
on ground or spatiotemporal data, potentially allowing for fur-
ther explanation of the results. Future work in dynamic team
sports should focus on the continual development of improving
objective player performance rating models, as well as decision
support applications to assist with operational decision-making

in professional sporting organisations. In AF specifically, the
development of these objective player performance rating
models could look to include further positioning dynamics,
similar to that in other team sports (Gonçalves et al., 2017;
Memmert et al., 2017).

CONCLUSION

This study produced two types of models benchmarking
player performance in the AFL. The first method utilised
two separate linear mixed models to identify the effect of
individual characteristics on player performance. Each of these
models could be used to identify how a player’s performance
compares to individualised benchmarks, or to forecast future
potential performance. The second method utilised segmented
models, finding a point of marginal gains within longitudinal
performance of both age and experience. The implementation
of these methodologies may provide valuable knowledge for
professional AFL organisations. Implications of their use could
assist with organisational decisions relating to player recruitment,
contracting and development. Future work should focus on the
refinement of the models produced in this study as additional
seasons of data become available.
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APPENDICES

TABLE A1 | Descriptions of the seven positional roles used in this study.

Positional roles Description

General defender Plays a role on opposition small-medium forwards and usually helps create play from the backline

Key defender Plays on opposition key forwards with the primary role of nullifying his opponent

General forward Plays predominantly in the forward half of the ground but with more freedom than a key forward

Key forward Plays predominantly as a tall marking target in the forward line

Midfielder Spends the majority of time playing on the ball or on the wing

Midfielder-forward Splits time equally between the forward line and the midfield. Often lines up on the half-forward flank
but plays a significant amount of time in the midfield

Ruck Has the primary role of competing for hit-outs at a stoppage

TABLE A2 | Descriptions of the three annual draft methods to enter an AFL list.

Draft type Club participation Trading of picks Further description

National draft Compulsory draft. Each club
must exercise a minimum of
three selections

Picks can be traded
between clubs

Players selected by a club become ineligible to be included on the primary list
of any other club for a period of two seasons. For the most part this draft
consists of players finishing secondary school, who have been competing in
elite junior feeder competitions

Preseason draft Non-compulsory draft Picks cannot be traded
between clubs

Players selected by a club become ineligible to be included on the primary list
of any other club for a period of two seasons. For the most part this draft
consists of players who missed out on selection in the National Draft

Rookie draft Non-compulsory draft Picks cannot be traded
between clubs

Players selected become part of the clubs rookie list, and cannot compete
within the AFL until being promoted to the clubs primary list. For the most part
this draft consists of players who missed out on selection in the National Draft
or older players from second tier competitions

In all three drafts, clubs select players in the reverse order to which they finished on the final premiership ladder in the previous AFL season. To be eligible for selection, a
player must be 18 years of age before the 31st of December following the national draft selection meeting.
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Multifactorial benchmarking of longitudinal player performance in the 

Australian Football League 

5.1 Abstract 

This study aimed to develop a model to objectively benchmark professional Australian Rules 

football (AF) player performance based on age, experience, positional role and both draft type 

and round in the Australian Football League (AFL). The secondary aims were to identify the 

stage of peak performance and specific breakpoints in AF player performance longitudinally. 

AFL Player Ratings data were obtained for all players (n = 1052) from the 1034 matches played 

during the 2013–2017 seasons, along with data pertaining to the abovementioned player 

characteristics. Two separate linear mixed models revealed that all factors influenced player 

performance, with age and experience the strongest in each model, respectively. Post hoc 

Tukey tests indicated that performance was affected by age at each level up until the age of 21 

(effect ranging from 0.98 to 3.70 rating points), and by experience at the levels 1–20 and 21–

40 matches in comparison to all higher levels of experience (effect ranging from 1.01 to 3.77 

rating points). Two segmented models indicated that a point of marginal gains exists within 

longitudinal performance progression between the age levels 22 and 23, and the experience 

levels 41–60 and 61–80 matches. Professional sporting organisations may apply the methods 

provided here to support decisions regarding player recruitment and development. 

5.2 Introduction 

Identifying when peak performance typically occurs in athletes is an important consideration 

within professional team sport organisations. Specifically, at what point in an athletes career 
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are they likely to reach their peak. Such information can be used to inform contracting as well 

as the make-up of team rosters. The identification of peak performance can be measured 

longitudinally on various time series including the age of an athlete, amount of years within a 

professional program and their match’s experience (Torgler & Schmidt, 2007). Additionally, 

various type of peaks have been investigated within the notational team sport literature, 

including when an athlete is at their physiological peak (Reilly, Bangsbo & Franks, 2000), 

when they reach their peak market value (Kalén et al., 2019), as well as when their on-field 

performance is at its peak (Bradbury, 2009; Dendir, 2016; Fair, 2008). Although peak 

performance has been well documented longitudinally for age in individual sporting events 

(Allen & Hopkins, 2015; Longo, Siffredi, Cardey, Aquilino & Lentini, 2016; Schulz & 

Curnow, 1988), its identification within team sports may be more complex. This complexity 

primarily arises due to the difficulty objectively outlining individual performances given that 

there are no quantifiable outcome which occur directly from player actions in most team sports 

(Robertson, Back, et al., 2015; Travassos et al., 2013). Additionally, there is an increased 

importance of specific skill demands required in team-based sports, including non-physical 

abilities such as experience and strategic knowledge (Bradbury, 2009), as well as the 

complexity of accounting for differences individual playing roles. 

Despite this, individualised assessment of match performance in professional team sports is 

commonplace.  This includes both subjective assessments of performance, as made by team 

coaches, management and within the media, as well as objective assessments made through 

data-driven techniques (Bonney, Berry, Ball & Larkin, 2019; Carling et al., 2008). Although 

subjective assessments are often made by those in influential decision-making positions (i.e., 

coaches), there has been a change within professional sport organisations toward supporting 

decisions with objective assessments (Maymin, 2017).  Concurrently, there has been an 
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increasing amount of data-driven techniques proposed in literature regarding assessing 

individual player performance in team sport on a quantitative scale. Some examples include 

Radovanović et al. (2013) who developed a player efficiency rating, which objectively 

measures a player’s productivity in basketball based on player actions such as points, assists, 

rebounds, steals and turnovers, and their outcomes. Similarly, McHale et al. (2012) developed 

a player performance index to rate the performance of players in the top two leagues of English 

soccer on a quantitative scale including items such as match contributions, winning 

performance, match appearances, goals scored, assists, and clean sheets. 

Australian Rules football (AF) is a dynamic invasion team sport played between two opposing 

teams consisting of 22 players each (18 on the field and four interchange). In the elite 

competition of AF, the Australian Football League (AFL), players can be drafted to a 

professional club and begin playing as early as the age of 18, with various players managing to 

continue playing into their middle-to-late thirties. There has been a substantial amount of 

research developed in AF to identify the physical and technical characteristics of individual 

players with respect to match performance (Mooney et al., 2011; Tangalos et al., 2015; Veale, 

Pearce, Koehn & Carlson, 2008; Woods, Joyce & Robertson, 2016; Young et al., 2005). 

However, to our knowledge there has been no research examining longitudinal player 

performance in professional AF. However, various studies exist in the wider notational sport 

literature which investigate longitudinal player performance, predominantly on identifying the 

age at which peak performance occurs. Examples include Dendir (2016), who used mixed 

effects models, and identified that the peak age of performance in the top four professional 

soccer leagues varied between 25 and 27, depending on position. Kalén et al. (2019) similarly 

looked to identify the peak age of performance in professional soccer. Using a one- way 

ANOVA and linear regression they found that a significant longitudinal shift in peak age has 
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occurred from 24.9 years in 1992–1993 to 26.5 years in 2007–2018. Using a random effects 

model Bradbury (2009) investigated peak performance of skills in baseball, finding that overall 

performance peaks around the age of 29. Specifically, athletic skills such as hitting and running 

peak earlier, whilst skills based on experience and knowledge such as drawing walks, peak 

later. Fair (2008) also examined the estimated age effects in baseball. Using a non-linear fixed 

effects regression, they found that the peak age and begin of decline in performance occurred 

around the age of 26 years for pitchers, and 28 years for batters. 

In the abovementioned studies, both Dendir (2016) and Fair (2008) emphasise that 

considerations or assumptions must be made about other factors when assessing longitudinal 

player performance. Notably, a player’s position and their level of experience. In addition to 

these factors, another consideration is the position at which players are selected in their 

respective draft. Studies such as O’Shaughnessy (2010) have looked to develop a valuation 

system for the AFL National Draft, indicating that earlier selections are valued more highly on 

the basis that clubs can select the best available player in the pool. 

In addition to identifying peak player performance, longitudinal research has also looked to 

identify whether specific changes in trends occur within a time series. Within sport 

performance, this research has consisted of identifying longitudinal changes in trends of 

physical performance (Fransen et al., 2017; Towlson, Cobley, Parkin & Lovell, 2018), game 

related statistics (Lorenzo, Lorenzo, Conte & Giménez, 2019), and gameplay (Wolfson, 

Koopmeiners & DiLernia, 2015; Woods, Robertson, et al., 2017), as well as whether external 

factors such as a player’s contract status effect performance (Gómez, Lago, Gómez & Furley, 

2019). Though this type of model has not been applied to player performance in team sports, 
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the use of this procedure would allow for the construction of a model to identify whether a 

breakpoint in longitudinal player performance exists. 

The ability to benchmark player performance longitudinally is inherently valuable to many 

sports, and could be used to support organisational decisions regarding player contracting, 

recruitment and development (Kalén et al., 2019). In the AFL, there is a large emphasis on 

decisions relating to player contracting and recruitment as clubs are confined in their ability to 

remunerate players by a salary cap. Decisions relating to player development are also vital, as 

clubs do not have the opportunity to attain additional players within season. As such, the ability 

to inform these decisions based on comparisons of player performance against model-expected 

performance, or the ability to forecast future performance is advantageous. Further, a greater 

understanding of when performance progression is at its maximum, or conversely when 

progression is expected to deteriorate, could have important implications for the type of skill 

development implemented for specific individuals. 

There are various player performance measures which are produced commercially within the 

AFL. The “AFL Player Rankings” is produced by statistics provider Champion Data Pty Ltd., 

measures player performance by awarding players a fixed value for specific performance 

actions. The values for these actions were determined relative to their observed relationship to 

team winning margin (Herald Sun, 2016). Alternatively, the “AFL Player Ratings”, which is 

also produced by statistics provider Champion Data Pty Ltd., measures player performance 

based on the principle of field equity. In this metric, points are awarded to (or deducted from) 

a player based on contextual information relating to each possession, relative to how much 

their actions increase or decrease their team’s expected value of scoring next (Jackson, 2009; 

McIntosh et al., 2018b). 
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The primary aim  of  this  study  was  to  develop  a  model to objectively benchmark AFL 

player performance whilst considering their age, experience, positional role and both draft type 

and round in which they were selected. The secondary aims were to identify the stage of peak 

performance and specific breakpoints in player performance longitudinally. To achieve these, 

this study will consider the player characteristics and model types outlined in the 

abovementioned literature. 

5.3 Methods 

5.3.1 Data 

The AFL Player Ratings were utilised as the objective measure of player performance in this 

study due to its validity and its equity-based nature (Jackson, 2009; McIntosh et al., 2018b). In 

this metric, a player’s overall match performance is measured by the overall change in equity 

that is created by that player’s actions during the course of a match (Jackson, 2009). The change 

in equity is determined by expected value of their team scoring next. These expected values 

are based on contextual information relating to possessions (i.e., field position, pressure from 

opponents, possession outcome) collected from all AFL matches preceding back to the 2004 

season (Jackson, 2009). 

These AFL Player Ratings were obtained from Champion Data Pty Ltd. for all 1034 matches 

played throughout the 2013–2017 AFL seasons. This included 22 matches played by each team 

during the regular season rounds, as well as a total of nine matches played throughout the finals 

series each season. One match was abandoned prior to play during the 2015 season. The AFL 

Player Ratings data were expressed as a mean season rating for each player across each of the 
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five seasons. The sample included a mean of 3.15 seasons per player (±1.55 SD) among 1052 

unique players, giving a total sample size of n = 3317. 

Data pertaining to player characteristics were also collected in order to assess their relationship 

with performance. Age (determined by the players age at 31st December of the previous year), 

experience (determined by the number  of AFL matches played, independent  of  seasons,  and 

taken  at the conclusion of each season), positional role classification (determined by Champion 

Data’s classification at the conclusion of each season; classifications outlined in Appendix B.1) 

and the characteristics of the draft (draft types outlined in Appendix B.2) in which each player 

was first selected by an AFL club were all collected as descriptive variables. Prior to data 

collection, the study was approved by the relevant human research ethics committee. 

5.3.2 Data analysis 

For modelling purposes, various aspects of the data required transformation. All characteristics 

were considered as categorical variables. Categorisation levels for age and experience were 

determined by evaluating the change in Akaike’s Information Criterion for differing amounts 

of categories (Akaike, 1987). Sixteen categories for both characteristics were chosen by 

identifying the minimum number of categories at which the point gains in Akaike’s Information 

Criterion became minimal (<10). This allowed for discretisation that balanced model fit and 

complexity (Bozdogan, 1987). Age was expressed as integer categories (18, 19, 20, ...., 33+), 

where due to the limited sample size of players aged 33–40 years, data were combined into one 

category. Experience was expressed in intervals of 20 matches (1–20, 21–40, 41–60, . . ., 301+), 

where all players with 301 or more matches experience were similarly combined into one 

category due to the limited sample size. Categorisation levels for draft selection were arbitrarily 

expressed over ten levels relative to the type and round in which they were first selected by an 



133 

AFL club (five levels for National Draft rounds 1 to 5+, four levels for Rookie Draft rounds 1 

to 4+, and one category for the Preseason Draft). Due to the limited sample size of players 

drafted after round five of the national draft, after round four of the rookie draft, and in total 

from the preseason draft, data were combined into one category for each draft type. Positional 

role classification was expressed across the seven levels as determined by Champion Data 

(general defender, key defender, general forward, key forward, midfielder, midfield-forward, 

and ruck). 

Further, as part of the entry concessions given to newly established clubs, the Gold Coast Suns 

and the Greater Western Sydney Giants, 45 players from the dataset were drafted to AFL clubs 

prior to the 2011, 2012, and 2013 AFL seasons via non- traditional draft methods. Considering 

the circumstances of these concessions, all players drafted via methods of zone selection, as an 

underage recruit, through the AFL mini-draft, as an AFL initiative or were pre-listed by an 

AFL club (n = 42), were considered as first round selections within the national draft. Further, 

those drafted after being overlooked in the prior year’s national draft (n = 3) were considered 

as first round selections within the rookie draft. 

5.3.3 Statistical analysis 

Descriptive statistics for age and experience, and how they relate to AFL Player Ratings [mean 

± 95% confidence intervals (CI)] were obtained. The number of matches played per season and 

proportion of players were also collected and plotted across age and experience. Prior to 

undertaking the main analyses, Spearman’s correlation analyses were employed to determine 

the extent of collinearity between each of the four player characteristics. This analysis was 

undertaken using the Hmisc package (Harrell Jr, 2017) in the R statistical computing software 

version 3.3.2. (R Core Team, 2016). This analysis revealed a strong association between age 
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and experience (r = 0.83), whilst all remaining associations were weak (r < 0.15). As a result, 

separate models were created throughout the further analyses, utilising age and experience as 

the independent variables in each. 

To determine the extent to which these characteristics affect performance, linear mixed models 

were applied using the lme4 package (Bates, Mächler, Bolker & Walker, 2015). Two separate 

models were created, each incorporating either age or experience, with all other factors 

included in both. This particular approach was used to control the variability created by the 

repeated measures data on each player. Specifically, the factors of interest (age, experience, 

positional role, and draft selection) were treated as fixed effects, and player as a random effect 

in both models. Each model took the form of: 

PRps = β0 + β1Xps + β2Yps + β3Zp + ∝p + Ɛps  

where PRps is the AFL Player Rating average of player p in season s (s = 2013–2017). β0, β1, 

β2, and β3 are fixed coefficients, and X, Y, and Z are observed covariates. In model (1), Xps and 

Yps represent the player’s age and positional role for the corresponding season, respectively, 

whilst Zp represents the category outlining the player’s draft selection, which stays consistent 

between seasons. The parameter ∝p is a player random effect, which makes the intercept of the 

model specific to each player and allows for individualised performance projections. The 

player random effect is treated as constant across seasons and each effect is a draw from a 

normal distribution with equal variance for all players. The parameter Ɛps denotes the player 
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season residual error. Model (2) takes the exact same form as model (1), however, Xps instead 

represents a player’s experience for the corresponding season. 

Based on the fixed effects estimates, benchmark levels of performance were plotted (∝p = 0) 

for age and experience, respectively, where means and 90% prediction intervals (PI) are 

averaged over the levels of positional role and draft for both. A post hoc Tukey test was 

performed to adjust for multiple comparisons, and to determine whether performance was 

different within each level of age and experience, and thus identifying a hypothesised 

breakpoint in performance. To further assess whether a breakpoint exists in each of the linear 

mixed models, a segmented model (or “piecewise linear model”) was fit to the data to estimate 

if a change in the trend of the data occurs. This analysis was undertaken using the segmented 

package (Muggeo, 2008). As a result of the post hoc Tukey tests, we specified the levels 22 for 

age, and 41–60 for experience as the hypothesised break points. Within this analysis, these 

points are used as starting points for which the model uses to estimate breakpoints. A level of 

significance was accepted at p < 0.01 in all analyses. 

5.4 Results 

Descriptive statistics are outlined in Figures 5.1 and 5.2 for age and experience, and positional 

role and draft, respectively. Figure 5.3A highlights that the proportion of players competing in 

the AFL is at its highest at ages 20–22, and then declines with each consecutive age level 

thereafter. Further, Figure 5.3B highlights that the proportion of players is highest in the least 

experienced group (20 matches or less), and similarly declines with each consecutive category 

level of experience thereafter. On the contrary, Figure 5.4 indicates that the average number of 

matches played per season increases with both age and experience. 
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Figure 5.1 Violin plot outlining the density of the average AFL Player Ratings (± 95% 

CI) for (A) Age and (B) Experience, respectively. The number of

observations in each group are outlined. 
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Figure 5.2 Violin plot outlining the density of the average AFL Player Ratings (± 95% 

CI) for (A) Draft and (B) Position, respectively. The number of

observations in each group are outlined. 

Figure 5.3 Proportion of players in the dataset by (A) Age and (B) Experience. 
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Figure 5.4 Boxplot outlining the proportion of matches played per season by players 

in each level of (A) Age and (B) Experience. 

Results of the linear mixed models revealed that all factors affected levels of performance in 

both models at p < 0.01. Model  (1)  produced  a  root  mean  square  error  of  1.77  and Chi-

square values of 356.9 for age, 98.7 for positional role and 57.1 for draft. Comparatively, model 

(2) produced a root mean square error of 1.82 rating points and Chi-square values of 523.5 for

experience, 100.4 for positional role and 21.7 for draft. The values indicate that age and 

experience had the largest influence on performance in each of the models, respectively, 

followed by positional role. Tables 5.1 and 5.2 outline the fixed effect coefficients (β0, β1, β2, 

and β3) for each factor level of the characteristics in each of the respective models. 
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Table 5.1 Model (1) fixed effect regression coefficients outlining the estimated 

difference in rating points from the reference level of each factor.  

Reference level for each factor were: Age 18,  

Positional role Midfield, Draft National 1. 

Regression coefficients (± SE) 
(Intercept) 7.11 (0.23) 

Age 19 0.98 (0.20) 
Age 20 1.93 (0.21) 
Age 21 2.62 (0.21) 
Age 22 3.06 (0.22) 
Age 23 3.32 (0.22) 
Age 24 3.39 (0.23) 
Age 25 3.69 (0.24) 
Age 26 3.70 (0.25) 
Age 27 3.68 (0.26) 
Age 28 3.31 (0.27) 
Age 29 3.18 (0.29) 
Age 30 2.80 (0.32) 
Age 31 2.48 (0.37) 
Age 32 2.56 (0.44) 

Age 33+ 2.46 (0.47) 
Positional role Gen Def -1.25 (0.17
Positional role Gen Fwd -1.13 (0.17)
Positional role Key Def -1.128 (0.23)
Positional role Key Fwd -1.79 (0.23)
Positional role Mid Fwd -0.79 (0.19)

Positional role Ruck -0.38 (0.29)
Draft National 2 -0.78 (0.23)
Draft National 3 -0.74 (0.25)
Draft National 4 -0.94 (0.32)

Draft National 5+ -1.21 (0.47)
Draft Rookie 1 -1.47 (0.32)
Draft Rookie 2 -1.62 (0.33)
Draft Rookie 3 -1.56 (0.39)

Draft Rookie 4 + -1.75 (0.38)
Draft Preseason -1.03 (0.57)
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Table 5.2 Model (2) fixed effect regression coefficients, outlining the estimated 

difference in rating points from the reference level of each factor. 

Reference level for each factor were: Experience 1-20, 

Positional role Midfield, Draft National 1.

Regression coefficients (± SE) 
(Intercept) 7.43 (0.18) 

Experience 21-40 1.31 (0.14) 
Experience 41-60 2.32 (0.16) 
Experience 61-80 2.79 (0.18) 
Experience 81-100 3.19 (0.18) 
Experience 101-120 3.38 (0.20) 
Experience 121-140 3.48 (0.22) 
Experience 141-160 3.39 (0.23) 
Experience 161-180 3.77 (0.25) 
Experience 181-200 3.43 (0.27) 
Experience 201-220 3.53 (0.29) 
Experience 221-240 3.32 (0.33) 
Experience 241-260 3.02 (0.36 
Experience 261-280 3.74 (0.43) 
Experience 281-300 2.46 (0.47) 

Experience 301+ 3.02 (0.52) 
Position Gen Def -1.17 (0.16)
Position Gen Fwd -1.24 (0.16)
Position Key Def -1.07 (0.21)
Position Key Fwd -1.49 (0.22)
Position Mid Fwd -0.74 (0.19)

Position Ruck -0.12 (0.26)
Draft National 2 -0.54 (0.20)
Draft National 3 -0.30 (0.23)
Draft National 4 -0.27 (0.29)

Draft National 5+ -0.75 (0.42)
Draft Rookie 1 -0.89 (0.29)
Draft Rookie 2 -0.85 (0.30)
Draft Rookie 3 -0.46 (0.35)

Draft Rookie 4 + -0.71 (0.34)
Draft Preseason -0.49 (0.51)



141 

Results of the post hoc Tukey test indicated that performance was affected by age at various 

age levels up until the age of 21 (mean differences ranged from 0.98 to 3.70 player rating 

points). However, no two levels above the age of 21 were seen to exhibit different levels of 

performance. For experience, differences were seen at the levels of 1–20 matches and 21–40 

matches in comparison to all higher levels of experience (mean differences ranged from 1.01 

to 3.77 player rating points), and for various experience levels in comparison to 41–60 matches. 

No differences were seen between any levels above this for experience. 

The segmented models identified a breakpoint in performance for both age and experience. 

The results indicate that a breakpoint in age occurs between the age levels 22 and 23, where 

performance is seen to increase linearly 0.75 rating points per age level prior to this breakpoint, 

and decline linearly 0.09 rating points per age level thereafter. The breakpoint identified for 

experience occurs between the levels 41–60 and 61–80, where performance is seen to increase 

linearly 1.24 rating points per level of experience prior to this breakpoint, and then continue to 

increase linearly 0.04 rating points per experience level thereafter. Figure 5.5 displays the 

benchmark levels of performance for both age and experience, where player specific random 

effects (PSRE) are removed. X-axis intercept lines and regression lines were added to Figure 

5.5 to represent the level at which the identified breakpoint in performance occurs, and the 

change in the trend of player performance, respectively, for both age and experience. 
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Figure 5.5 Benchmark levels of AFL Player Ratings (± 90% PI) by (A) Age and (B) 

Experience, based on the fixed effects estimates. Blue x-axis intercept lines 

represent the level at which the breakpoint in performance occurs for both 

age and experience, respectively. Red regression lines represent the 

multiple linear fits of the segmented models. 

By applying the PSRE and the fixed effect estimates from the linear mixed models, various 

applications can be created to benchmark player performance. For example, Figure 5.6 

visualises the actual past performance and future player specific expectation of performance 

(fit and 90% PI) for a specific player, as compared to their fixed effect estimate of performance 

using model (1). This application indicates the player’s performance has been below the 

benchmark level of performance since 2014, but within the 90% PI, and is expected to remain 

fairly consistent in the three forecasted seasons. Figure 5.7 outlines how model (1) could be 

used for player comparison, indicating that the player in blue is likely to perform better in each 

of the forecasted seasons. Further, Figure 5.8 visualises the actual past performance and future 
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player specific expectation of performance (fit only) for a specific player, using both the models 

based on age (blue) and experience (red). 

Additionally, the PSRE provide a measure of player ranking, which adjusts for the individual 

fixed effects characteristics. Table 5.3 outlines the top five players in each positional roles, as 

determined by the average of the PSRE across the two linear mixed models. Player positional 

role was determined by the category in which they were categorised the most frequently over 

the five seasons. 
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Figure 5.6 Benchmark levels of AFL Player Ratings for a specific player using the age 

linear mixed model. Black lines represents actual performance to 2017 & 

player specific expectation (± 90% PI) of performance from 2018. Red 

ribbon represents fixed effects estimates based on characteristics of same 

player. 
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Figure 5.7 Benchmark levels of AFL Player Ratings for two specific players using the 

age linear mixed model. Red line represents actual performance prior to 

2017. Red and blue lines indicate player specific expectations (± 90% PI) of 

performance from 2018 for each player. Black x-axis intercept line 

indicates point of comparison. 
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Figure 5.8 Benchmark levels of AFL Player Ratings for a specific player using the 

both the age (blue) and experience (red) linear mixed models. Black line 

represents actual performance to 2017. Blue and red points indicate 

expectation of performance from 2018 using each the age and experience 

models, respectively. Similarly, each ribbon represents fixed effects 

estimates based on characteristics of same player in each model. 
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Table 5.3 Top five players in each positional role, as determined by the average of the 

player specific random effects (PSRE) in each of the linear mixed models. 

Player positional role determined by the category in which they were 

categorised the most frequently over the five seasons. 

General Defender General Forward 

Player Model 1 
PSRE 

Model 2 
PSRE Player Model 1 

PSRE 
Model 2 
PSRE 

Zac Williams 4.09 3.14 Brent Harvey 6.18 4.74 
Adam Saad 3.30 3.22 Chad Wingard 4.31 3.26 

Shaun Burgoyne 3.68 2.84 Eddie Betts 4.19 3.19 
Brandon White 3.04 2.57 Luke Breust 4.32 3.02 

Daniel Rich 2.97 2.57 Cyril Rioli 3.43 3.00 
Key Defender Key Forward 

Player Model 1 
PSRE 

Model 2 
PSRE Player Model 1 

PSRE 
Model 2 
PSRE 

Jeremy McGovern 4.44 4.11 Lance Franklin 5.21 4.51 
Alex Rance 3.59 2.99 Jarryd Roughead 4.23 3.66 

Tom McDonald 2.87 2.16 Justin Westhoff 4.22 3.10 
Harris Andrews 3.04 1.87 Josh J. Kennedy 3.73 3.02 

Josh Gibson 2.94 1.51 Jack Gunston 3.68 2.99 
Midfielder Midfield-Forward

Player Model 1 
PSRE 

Model 2 
PSRE Player Model 1 

PSRE 
Model 2 
PSRE 

Gary Ablett 8.29 6.96 Robbie Gray 4.75 3.76 
Patrick Dangerfield 6.96 6.30 Dayne Zorko 3.71 3.88 

Nat Fyfe 6.61 5.77 Sam Menegola 3.30 4.11 
Scott Pendlebury 6.09 5.60 Christian Petracca 3.53 3.42 

Marcus Bontempelli 5.44 4.49 Luke Dahlhaus 3.82 2.72 
Ruck

Player Model 1 
PSRE 

Model 2 
PSRE 

Todd Goldstein 4.70 3.68 
Nic Naitanui 4.29 3.57 
Sam Jacobs 3.60 2.19 

Aaron Sandilands 3.95 1.83 
Shane Mumford 3.52 1.94 
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5.5 Discussion 

The primary aim of this study was to develop a model to objectively benchmark player 

performance whilst considering their age, experience, positional role, and both draft type and 

round in which they were selected. It also aimed to identify the stage of peak performance and 

specific breakpoints in player performance longitudinally. Separate linear mixed model 

analyses were implemented to benchmark performance based on the multifactorial fixed effects 

estimates. Segmented models were fit to these fixed effect estimates to determine if and where 

a change in the linear trend of performance progression occurs. 

Visual inspection of the descriptive statistics in Figures 5.1A and 5.1B indicate that 

performance  continues  to  improve  throughout an AFL players career (as indicated by the 

gradual increase in average AFL Player Ratings for both age and experience, respectively). 

However, it must be noted that this type of analysis is susceptible to selection biases (Brander, 

Egan & Yeung, 2014). Specifically, previous research has identified that these biases can be 

bought upon as a result of better-performing players typically having longer careers than other 

players (Bradbury, 2009; Dendir, 2016). Figures 5.3 and 5.4 highlight this bias on the basis that 

player selection is a subjective identification of each clubs best performers. Specifically, Figure 

5.3 outlines the proportion of players in the dataset, and indicates that there are less players 

across the sample in older and more experienced categories, respectively; however, Figure 5.4 

shows that these older and more experienced players on average play more games per season. 

The substantially smaller interquartile ranges and presence of outliers in Figure 5.4B, as 

opposed to Figure 5.4A, indicates that despite showing similar increasing trends between the 

two distributions, there is less variance in matches played per season with respect to experience. 

However, this is somewhat expected due to the compounding nature of matches played per 
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season, to total career matches. Visual inspection of the descriptive statistics in Figures 5.2A 

and 5.2B also indicates that performance differences are seen between varying levels of both 

draft and position, respectively. These findings align with previous literature investigating 

longitudinal player performance, and supports the use of a mixed model approach to account 

for fixed and PSRE (Bradbury, 2009; Dendir, 2016). 

Each of the two linear mixed models provide context when looking to benchmark player 

performance longitudinally in AF. In addition to identifying a universal benchmark trend of 

performance longitudinally, the models produced in this study allow player specific values to 

be obtained, by adjusting each of the fixed effects relative to the player’s characteristics in each 

model. These player specific benchmarks allow for both retrospective assessment of a players 

past performance against expected performance, as well as to forecast player performance 

relative to expected characteristics (assumptions must be made with regards to positional role 

and experience to forecast). Applications of these models have the potential to be beneficial in 

supporting the decision-making processes within professional AF organisations. Decisions 

relating to player recruitment and contracting could be objectively informed by gaining an 

understanding of the past and future potential performance of players, which the club maybe 

looking to recruit, resign or remove from their current playing squad. Though the examples 

provided in this study feature 90% PI, clubs/organisations wanting to be more aggressive with 

their predictions regarding expected performance could adapt the current models to include 

lower PI. Figure 5.6 provides a specific example of how this can be visualised. It outlines an 

actual player’s past performance (2014–2017) and expected future performance (2018–2021), 

and compares this to the benchmark level of performance based on the characteristics for that 

player. Alternatively, Figure 5.7 outlines an actual player’s past performance (2014–2017) and 
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expected future performance (2018–2021), and compares this to the expected future 

performance (2018–2021) of a player who is yet to be drafted. 

Though the identified breakpoints found in each model differ marginally to the findings of the 

post hoc Tukey test, both analyses indicate that there is a distinct change in the trend of player 

performance occurring in each model, occurring at around the age 22, and experience level 41–

60, respectively. Specifically, they indicate that this change in the trend represents a point of 

marginal gains within each of the model, such that once these levels are reached the benchmark 

level of player performance is expected to somewhat plateau. This indication of marginal 

performance gains beyond these respective levels could have useful implications for both 

player development and player recruiting/contracting within professional AF. For example, 

clubs may look to persist with selection of players who are yet to reach these points of marginal 

gains (as opposed to older/more experienced players of similar ability), knowing that match 

opportunities are potentially more detrimental to development of the younger/less experienced 

players. In regards to player recruiting and contracting, clubs could look to use these 

breakpoints as an indication of whether the performance of current players and/or potential 

recruits is likely to continue to improve, or whether their performance has reached a point of 

marginal gains. Though only one breakpoint was identified for each model in this study, 

clubs/organisations wanting to further explore the longitudinal performance trends could adapt 

the current methodology to identify whether multiple breakpoints exist. 

Despite minor differences, both the models measured longitudinally on each age and 

experience might be used for different operational purposes based on the preferences of the 

organisation. For example, due to the reliance of match opportunity for the model based 

experience, applications of this model may be more suited to benchmark the performance of 
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players who have experienced long-term injuries or are mature aged recruits. Conversely, for 

those who have had sufficient match opportunities, the models based on age may be more 

suitable due to the more progressive nature of age as an independent variable. Figure 5.8 

visualises this difference in the models through benchmarking the expected performance of a 

specific older age, but lowly experienced individual, using both models. 

In addition to providing benchmark levels of performance, the models produced in this study 

also provide an indication of the point at which peak performance occurs longitudinally. 

Specifically, the findings imply that on average players reach their peak around the age of 22, 

or 60 matches experience. In comparison to previous literature, this point at which the average 

player reaches their peak age is younger than what has been identified in other dynamic team 

sports such as soccer (Dendir, 2016). Though this peak is  identified  earlier,  there was no 

substantial drop-off in performance noted in this study, indicating that that peak performance 

in AF may be better outlined by a peak range. There is no literature available to make these 

comparisons in relation to a player’s match experience. 

The PSRE outlined in each of the mixed models could also be used to rank players across the 

2013–2017 seasons. Specifically, this type of ranking would be more generalisable than other 

ranking measures that do not adjust for fixed effects such as those used in our model. Thus it 

allows comparisons to be made between players across different ages, levels of experience, 

positional roles and draft selections. Table 5.3 outlined the top five players in each positional 

role. The table indicated that despite accounting for position, the top three midfielders still 

exhibited higher PSRE than any other players. As an indication of the face validity for these 

random effects to be used to rank players, each of these three outlined individuals have won 
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the AFL’s award for the fairest and best player for one of the five seasons included in the 

dataset (Gary Ablett in 2013, Nat Fyfe in 2015 and Patrick Dangerfield in 2016). 

Some limitations of this study should also be noted. Though mixed model approaches have 

been supported in previous literature to account for the fixed and random effects associated 

with longitudinal player performance; there is also an inherent understanding that the decline 

in performance after peak is often underestimated as a result of athlete drop out. For example, 

only the most successful athletes continue to get renewed playing contracts, and are 

subsequently selected to play at the elite level. Thus meaning that there is likely some level of 

performance deterioration that goes unnoticed by the model beyond certain ages/levels of 

experience. Another limitation is that the methodology could include additional metrics, such 

as time on ground or spatiotemporal data, potentially allowing for further explanation of the 

results. Future work in dynamic team sports should focus on the continual development of 

improving objective player performance rating models, as well as decision support applications 

to assist with operational decision-making in professional sporting organisations. In AF 

specifically, the development of these objective player performance rating models could look 

to include further positioning dynamics, similar to that in other team sports (Gonçalves et al., 

2017; Memmert et al., 2017). 

5.6 Conclusion 

This study produced two types of models benchmarking player performance in the AFL. The 

first method utilised two separate linear mixed models to identify the effect of individual 

characteristics on player performance. Each of these models could be used to identify how a 
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player’s performance compares to individualised benchmarks, or to forecast future potential 

performance. The second method utilised segmented models, finding a point of marginal gains 

within longitudinal performance of both age and experience. The implementation of these 

methodologies may provide valuable knowledge for professional AFL organisations. 

Implications of their use could assist with organisational decisions relating to player 

recruitment, contracting and development. Future work should focus on the refinement of the 

models produced in this study as additional seasons of data become available. 
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CHAPTER SIX – STUDY IV 

Chapter Overview 

Chapter Six is the fourth and final study contained in this thesis. The study looks to identify 

the relationship between subjective ratings of performance and basic player performance 

indicators, in order to gain an understanding of the extent to which human decisions are related 

to measurable aspects of a player’s performance. It also looks to compare subjective and 

objective ratings of player performance. The methodologies are expressed as an exemplar of 

what could be implemented within professional sporting organisations using their own specific 

subjective rating processes. 

This chapter contains an abstract (section 6.1), introduction (section 6.2), methods (section 

6.3), results (section 6.4)� discussion (section 6.5) and conclusion (section 6.6) sections. 

The content of this chapter was published in PLOS ONE (McIntosh, Kovalchik & Robertson, 

2019a). Additionally, preliminary work relating to the study was presented at the 9th World 

Congress on Science and Football. 
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Abstract

Player evaluation plays a fundamental role in the decision-making processes of professional

sporting organisations. In the Australian Football League, both subjective and objective

evaluations of player match performance are commonplace. This study aimed to identify the

extent to which performance indicators can explain subjective ratings of player performance.

A secondary aim was to compare subjective and objective ratings of player performance.

Inside Football Player Ratings (IFPR) and Australian Football League Player Ratings were

collected as subjective and objective evaluations of player performance, respectively, for

each player during all 1026 matches throughout the 2013–2017 Australian Football League

seasons. Nine common player performance indicators, player role classification, player age

and match outcomes were also collected. Standardised linear mixed model and recursive

partitioning and regression tree models were undertaken across the whole dataset, as well

as separately for each of the seven player roles. The mixed model analysis produced a

model associating the performance indicators with IFPR at a root mean square error of

0.98. Random effects accounting for differences between seasons and players ranged by

0.09 and 1.73 IFPR each across the five seasons and 1052 players, respectively. The recur-

sive partitioning and regression tree model explained IFPR exactly in 35.8% of instances,

and to within 1.0 IFPR point in 81.0% of instances. When analysed separately by player

role, exact explanation varied from 25.2% to 41.7%, and within 1.0 IFPR point from 70.3%

to 88.6%. Overall, kicks and handballs were most associated with the IFPR. This study high-

lights that a select few features account for a majority of the variance when explaining sub-

jective ratings of player performance, and that these vary by player role. Australian Football

League organisations should utilise both subjective and objective assessments of perfor-

mance to gain a better understanding of the differences associated with subjective perfor-

mance assessment.

Introduction

Player evaluation plays a fundamental role in the decision-making processes of professional
sporting organisations, including player monitoring, team selection, player contracting and
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scouting [1–3]. Despite widespread and available objective data within professional team
sports, a reluctance of key decision makers to utilise these measures to develop and integrate
decision support systems within their organisations remains [4–6]. Despite this reluctance,
there has been various literature outlining the benefits of considering objective evaluations of
performance to support organisational decision-making processes [3, 7, 8]. Though these stud-
ies proclaim the benefits of objective evaluations (i.e., reliability and consistency), they each
emphasise the importance of utilising both objective and subjective evaluations of perfor-
mance in a complementary manner, to highlight whether inconsistencies exist between the
evaluations and to ultimately improve player evaluation.

Australian Rules football (AF) is a dynamic invasion team sport played on a large oval field
between two opposing teams consisting of 22 players each (18 on the field and four inter-
change). Due to the dynamic nature of the sport and the complex interactions which occur in
AF, individual performance is difficult to analyse, both subjectively and objectively [9, 10].
Despite this, various objective player performance measures have been created based on player
performance in the elite competition of AF, the Australian Football League (AFL). Examples
within the notational analysis literature include Stewart, Mitchell [11] who created a player
ranking model by identifying the most important performance indicators, and including those
with the strongest relationship to team winning margin. Heasman, Dawson [12] created a
player impact rating which assigned numerical values to each performance indicator relative
to its perceived worth. These values were then weighted relative to environmental situations of
the match, and adjusted relative to a players time on ground.

Various objective player performance measures also exist for commercial purposes. Exam-
ples include the ‘AFL Player Rankings’ and the ‘AFL Player Ratings’, which are both produced
by statistics provider Champion Data (Champion Data Pty Ltd., Melbourne, Australia). The
former takes a similar approach to that of Stewart, Mitchell [11], however extends this model
to include over 50 variables [13], and is used for the fantasy competition ‘SuperCoach’ (https://
supercoach.heraldsun.com.au/). The latter takes an alternate approach to most player perfor-
mance rating systems, and is based on the principle of field equity. In this system, each action
is quantified relative to how much the action increases or decreases their team’s expected value
of scoring next [14]. A player’s overall performance is then measured by the overall change in
equity that is created by that player’s actions during the game [14].

Subjective analyses of performance are also commonplace within the AFL. Examples
include the AFL Coaches Association award and the AFL’s award for the fairest and best player
(Charles BrownlowMedal). Votes for each of these awards are cast at the conclusion of each
match, based on the players deemed most influential during the match. Votes for the AFL
Coaches Association award are cast by the senior coaches from both competing teams, and
votes for the fairest and best player are cast by the field umpires. Further, various clubs use sub-
jective coach ratings as a way of determining club based awards [15], and various media
sources publish subjective ratings for public interest.

A common criticism of player performance evaluation in AF, as well as other team sports
(i.e., basketball), is their bias towards players whose specific role involves being more fre-
quently involved in the play, enabling their actions to have a more tangible effect on perfor-
mance evaluation [16, 17]. These biases have been noted within the notational team sport
literature in relation to both subjective and objective player performance analyses [12, 18]. For
AF, this specifically relates to midfield players whose role is more centred on following the
play to obtain/maintain possession of the ball and improving their team’s field position. Previ-
ous objective player performance measures have combatted this by suggesting that player per-
formance comparisons should be only made within players who play the same player roles
[12]. Similar suggestions have been made in other team sports such as rugby union [18].

Comparing subjective and objective evaluations of player performance in Australian Rules football
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Despite frequent studies in the team sport notational analysis literature looking to encour-
age the use of objective performance rating systems [10, 19, 20], very few studies have looked
specifically at identifying the specific mechanisms behind subjective evaluation of individual
performance in team sports. Pappalardo, Cintia [8], analysed human evaluations of elite soccer
performance using performance indicators and contextual information relating to each match
performance. The authors illustrated that subjective ratings of performance were biased
towards specific performance indicators, as well as contextual factors such as the outcome of a
game, and the expected outcome of a game as estimated by bookmakers. Their findings indi-
cated that in order to improve overall performance evaluations, player analysis should be a bal-
ance between objective performance measures and subjective values such as insights from
qualitative skill qualities. These findings are indicative of those in other fields, which have
shown that humans are susceptible to many errors and biases in decision making, and have
limits to the amount of information they can comprehend [21, 22].

In AF, the majority of research on evaluating player performance has had a specific focus
on assessing performance indicators in order to explain or predict playing performance [11,
12, 23–26]. Further to this, various other research in AF has been undertaken in other areas,
such as assessing the relationship between performance indicators and match outcome [2, 27,
28], playing position [29, 30], and trends in game-play [31].

This study aimed to identify the extent to which performance indicators can explain subjec-
tive ratings of player performance in the AFL. A secondary aim was to compare subjective and
objective ratings of player performance. The rationale for this study was to identify the rela-
tionship between subjective ratings of performance and the most basic comprehendible per-
formance indicators, in order to add to the existing understanding of the extent to which
human decisions are related to measurable aspects of a player’s performance. The methodolo-
gies are expressed as an exemplar of what could be implemented within professional AF orga-
nisations using their own specific subjective rating processes. An understanding of these
insights could be beneficial in supporting organisational decisions relating to weekly team
selection, player recruitment, as well as player contracting and financial remuneration; each
which have ramifications on team outcomes.

Materials andmethods

Data

Two separate measures of player performance were collected for each player during 1026
matches played throughout the 2013–2017 AFL seasons. This included 22 matches played by
each team during the regular season, as well as a total of nine matches played throughout the
finals series each season. One match was abandoned prior to play during the 2015 season. Fur-
ther, the eight drawn matches that occurred throughout the 2013–2017 seasons were removed
from the analyses.

The Inside Football Player Ratings (IFPR) were obtained from http://www.aflplayerratings.
com.au, which is a subjective measure of player performance, rated continuously from zero to
ten, based on human interpretation of a player’s performance (‘Inside Football’ is the commer-
cial publication for these publically available player ratings). The ratings for each match were
completed by a single AFL accredited journalist who was covering the game for Inside Football
(most of whom had 10+ years in the industry). The journalist covering the game was at the
ground in the majority of instances, and ratings were provided immediately post-match. The
AFL Player Ratings were acquired from Champion Data (also available from http://www.afl.
com.au/stats), which is an objective measure of player performance, rated on an open-ended
continuous scale, and based on the principle of field equity [14]. The rating process is derived

Comparing subjective and objective evaluations of player performance in Australian Rules football
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from contextual information collected in real time by trained Champion Data staff (corrected
postgame), and is determined by how much each player’s actions increase or decrease their
team’s expected value of scoring [14]. The validity and reliability of the data provided by
Champion Data is not publicly available. However, previous research conducted in AF has
reported the validity of the performance indicators collected by Champion Data as high [32],
and the reliability (as determined by an external assessment) as very high (ICC ranged from
0.947–1.000 for the included performance indicators) [2]. Nine player performance indicators
were collected from http://www.afl.com.au/stats, for each player and match included in the
dataset. These indicators were selected due to being widely reported and available, as well as
being previously reported in the literature [2, 11, 28]. These performance indicators and their
definitions are outlined in Table 1. Player role classifications were collected for each player,
based on Champions Data’s classification for each player at the end of each respective AFL sea-
son. These classifications are defined in Table 2. Additionally, a player’s age for each corre-
sponding season (range: 18 to 40), and the match outcome for each match (Win and Losses;
dummy coded as 1 and 0, respectively) were also collected. See S1 Dataset for all data collected
on players.

Statistical analysis

Descriptive statistics (mean and standard deviation) were calculated for each of the two player
rating measures, as well as for each respective player role. To determine the variation between
the two rating systems, as well as each of the playing roles, the coefficient of variation was cal-
culated for each. To determine the level of association between the two player rating systems
and each of the features univariately (all performance indicators, as well as age and match out-
come), correlational analyses were undertaken. This analysis was undertaken using theHmisc
package [33] in the R statistical computing software version 3.3.2 [34], and visualised using a
correlogram.

A linear mixed model analysis was undertaken to determine the extent to which each of the
features explained IFPR. This particular approach was used to control the variability created
by the repeated measures on each player. This analysis was undertaken using the lme4 package
[35]. All factors (besides position) were standardised and centred with a mean = 0 prior to the

Table 1. Definitions of the Australian rules football performance indicators used in this study.

Performance
Indicator

Definition

Kick Disposing of the football with any part of the leg below the knee.

Handball Disposing of the football by hitting it with the clenched fist of one hand, while holding it
with the other.

Mark Catching or taking control of the football after it has been kicked by another player a
distance of at least 15 metres without touching the ground or being touched by another
player.

Tackle Taking hold of an opposition player in possession of the ball, in order to impede his progress
or to force him to dispose of the ball quickly.

Free For An infringement in favour of the player as called by the umpire.

Free Against An infringement against the player as called by the umpire.

Hitout A tap by a ruckman after a ball up or bounce by the umpire.

Goals The maximum possible score (6 points) achieved by kicking the ball between the two
goalposts without touching a post or any player.

Behinds A score worth one point, achieved by the ball crossing between a goalpost and a behind post,
or by the ball hitting a goalpost, or by the ball being touched prior to passing between the
goalposts.

https://doi.org/10.1371/journal.pone.0220901.t001
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analysis to allow for Beta coefficient comparisons. In the model, player and season were treated
as separate random effects, whilst all other factors were considered as fixed effects.

A recursive partitioning and regression tree model [36, 37] was undertaken as a secondary
method to determine the extent to which each of the features explained IFPR. This analysis
was undertaken using the rpart package, which uses the CART algorithm (classification and
regression trees) [38]. A minimum of 100 cases were needed for each node to split, and the
complexity parameter was set at 0.001 in order to maximise the number of outcome variables
in the model. These measures were employed in order to avoid overfitting and to produce a
more parsimonious model. Data were split whereby the 2013–2016 seasons were used to train
the model, which was then subsequently tested on the 2017 season. Results of the model were
displayed using a tree visualisation and a histogram outlining the model accuracy. Addition-
ally, the recursive partitioning and regression tree analysis was conducted firstly on the whole
dataset and then separately for each of the seven respective player roles.

A comparison of the IFPR and AFL Player Ratings was created for two specific players as a
practical decision support application. Specifically, the deviation of each player’s season mean
ratings was compared to the overall sample mean for each rating system. This application
allowed for a descriptive analysis and visualisation of the difference in evaluation between the
subjective and objective systems.

Results

Descriptive statistics of each player role for both the IFPR and the AFL Player Ratings mea-
sures are presented in Fig 1. The overall mean and standard deviation of each rating system
was 5.25 ± 1.73 for the IFPR, and 9.65 ± 5.58 for the AFL Player Ratings. The coefficient of var-
iation for each system was 32.9% and 57.8%, respectively. The results of the Pearson’s correla-
tion analysis indicated a moderate association (r = 0.60) between the AFL Player Ratings and
the IFPR. Further, the IFPR and marks both showed moderate associations (r = 0.64 and
r = 0.53) with kicks. All of the remaining associations were r< 0.50 and are outlined in Figs 2.
and 3 outlines the distribution on AFL Player Ratings along the various levels of IFPR, indicat-
ing that as the IFPR increases, the mean AFL Player Ratings increases and the distribution
becomes more spread.

The results of the linear mixed model are outlined in Table 3. All features except for frees
against, behinds and age contribute significantly to the model (p< 0.001), with kicks and
handballs having the highest Beta coefficients of 0.844 and 0.646, respectively. The model pro-
duced a root mean square error of 0.98 in association with the IFPR. The random effect
accounting for the difference between seasons ranged by 0.09 IFPR across the five seasons,

Table 2. Champions data’s descriptions of the seven player roles used in this study.

Player Roles Description

General
Defender

Plays a role on opposition small-medium forwards and usually helps create play from the
backline

Key Defender Plays on opposition key forwards with the primary role of nullifying his opponent

General
Forward

Plays predominantly in the forward half of the ground but with more freedom than a key forward

Key Forward Plays predominantly as a tall marking target in the forward line

Midfielder Spends the majority of time playing on the ball or on the wing

Midfield
Forward

Splits time equally between the forward line and the midfield. Often lines up on the half-forward
flank but plays a significant amount of time in the midfield

Ruck Has the primary role of competing for hit-outs at a stoppage

https://doi.org/10.1371/journal.pone.0220901.t002
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Fig 1. Standardised density distribution (%) of each player role. (A) Inside Football Player Ratings and (B) AFL Player Ratings, across the 2013–2017 AFL seasons.
Vertical lines indicate mean and ± one standard deviation.

https://doi.org/10.1371/journal.pone.0220901.g001

Fig 2. Correlogram outlining the Pearson correlation coefficients (r) between all features used within the study.

https://doi.org/10.1371/journal.pone.0220901.g002
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Fig 3. Standardised density distribution (%) of AFL Player Ratings across levels of Inside Football Player Ratings.
Vertical lines indicate mean and ± one standard deviation.

https://doi.org/10.1371/journal.pone.0220901.g003

Table 3. Results of the linear mixed model (dependent variable is “Inside Football Player Ratings”).

Performance Indicator Č Std. Error P
Kicks 0.844 0.007 < 0.001

Handballs 0.646 0.006 < 0.001

Marks 0.091 0.006 < 0.001

Tackles 0.150 0.006 < 0.001

Frees For 0.047 0.005 < 0.001

Frees Against -0.004 0.005 0.467

Hitouts 0.290 0.011 < 0.001

Goals 0.510 0.006 < 0.001

Behinds 0.004 0.005 0.473

Match Outcome 0.217 0.005 < 0.001

Age 0.011 0.010 0.261

Positional role (General Forward) -0.406 0.026 < 0.001

Positional role (Key Defender) 0.486 0.030 < 0.001

Positional role (Key Forward) -0.330 0.035 < 0.001

Positional role (Midfield) -0.310 0.023 < 0.001

Positional role (Midfield Forward) -0.310 0.028 < 0.001

Positional role (Ruck) -0.321 0.054 < 0.001

Reference level for positional role: General Defender.

https://doi.org/10.1371/journal.pone.0220901.t003
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indicating minimal variation. The random effect accounting for differences between players
ranged by 1.73 IFPR across the 1052 players, indicating that the mixed model varied substan-
tially in its ability to explain player performance for all players.

The full recursive partitioning and regression tree model is presented in Fig 4. Despite hav-
ing 38 terminal nodes, only the features relating to ball disposal (kicks and handballs), scoring
(goals and behinds), match outcome and hitouts contribute to the model. The splitting of the
nodes within each branch indicates that having a greater total count of each performance indi-
cator results in a higher rating of performance, except for behinds. None of the terminal nodes
explain the outcome variables zero, nine or ten. The results of this model are outlined in Fig 5
and display that the IFPR could be explained exactly in 35.8% of instances, and within 1.0
IFPR point 81.0% of the time. The positive x-axis variables indicate that the model-expected
IFPR was higher than the actual IFPR. Conversely, the negative x-axis variables indicate that
the model-expected IFPR was lower than the actual IFPR.

S1–S7 Figs outline the separate recursive partitioning and regression tree models based on
each player role. As with the full model, none of the terminal nodes explain the outcome vari-
ables zero or ten; however the models based on Key Forwards and Midfielders do explain the
outcome variable nine. Further, the model based on Key Defenders also excludes the outcome
variables one and eight. Each of the separate models included six or more features, with kicks
and handballs featuring heavily in all. Kicks was the root node in all models except for Rucks
and Key Forwards, where hitouts and goals where the root node in each, respectively. The
most notable additional changes from the full model were that goals featured frequently in the
models for Key and General Forwards, marks featured frequently in Key and General Defend-
ers, as well as Key Forwards, tackles for General Defenders, Key Forwards and Midfielders,

Fig 4. Recursive partitioning and regression tree model explaining Inside Football Player Ratings frommatch performance indicators. Terminal
node variables outline the model-expected Inside Football Player Rating. Decimals indicate the absolute classification rate at the node.

https://doi.org/10.1371/journal.pone.0220901.g004

Comparing subjective and objective evaluations of player performance in Australian Rules football

PLOSONE | https://doi.org/10.1371/journal.pone.0220901 August 14, 2019 8 / 16

16�



and hitouts for Ruckmen. The range of accuracy for explaining IFPR exactly in these separate
models varied from 25.2% for Key Defenders to 41.7% for Midfielders. The accuracy within
1.0 IFPR point either side varied from 70.3% for Key Defenders to 88.6% for Midfielders.

Fig 6 outlines the distribution of IFPR and AFL Player Ratings for winning and losing
teams across the five seasons. The abovementioned random effects accounting for player dif-
ferences provide an indication of the individual players who were most consistently under-
and over-rated as estimated by the linear mixed model, after adjusting for the fixed effect fac-
tors. Two individuals were selected, with a comparison of subjective and objective evaluations
of their performance undertaken as an exemplar of the application. Specifically, in order to
compare their evaluations between the two rating systems on different scales, the deviation of
their seasonal mean rating from the overall sample mean were calculated for each system.
Table 4 outlines the deviation of their seasonal mean ratings from the overall sample mean of
rating values for the two respective players. Additionally, Figs 7 and 8 outline how this could
be visualised for ease of interpretability in an applied setting.

Discussion

This study aimed to identify the extent to which performance indicators can explain subjective
ratings of player performance. A secondary aim was to compare subjective and objective evalu-
ations of player performance. To achieve the primary aim, two separate models were fit identi-
fying the relationship between our exemplar subjective rating system, the IFPR, and the
selected performance indicators. To achieve the secondary aim, a descriptive analysis and visu-
alisation was conducted to outline the potential discrepancies noted between subjective and
objective evaluations of player performance. Together, these methodologies are expressed as

Fig 5. Difference in actual and model-expected Inside Football Player Ratings.

https://doi.org/10.1371/journal.pone.0220901.g005
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an exemplar of what could be implemented within professional AF organisation using their
own specific subjective rating processes.

Inspection of the coefficient of variation for each playing role, and the descriptive statistics
outlined in Fig 1 indicates that the distribution of ratings in the subjective IFPR system is more
variable between each of the player role classifications, in comparison to the objective AFL
Player Ratings system. In addition to this, in both ratings systems the mean values for mid-
fielders are higher than that for all other player roles. This aligns with the aforementioned
biases noted within both AF and the wider team sport literature [12, 16, 17].

Both the linear mixed model and recursive partitioning and regression tree models provide
an objective view of how subjective analyses of performance are explained. Each of the models
reflect the results of the other, and outline that when explaining subjective assessment of per-
formance, a small number of features account for a large majority of the variance. The changes
seen in the recursive partitioning and regression tree model once analysed separately by posi-
tion supports the notion that specific indicators differ between playing roles, indicating that
controlling for player role when explaining player performance subjectively is important, to

Fig 6. Density of ratings given for all players based on match outcome (Wins and Losses). (A) Inside Football Player Ratings and (B) AFL Player Ratings, across the
2013–2017 AFL seasons.

https://doi.org/10.1371/journal.pone.0220901.g006

Table 4. Variation of seasonal mean ratings from the overall sample mean ratings for Paul Puopolo and Ben Jacobs.

Paul Puopolo Ben Jacobs

Season IFPR SD from
Sample Mean

AFL Player Rating SD from
Sample Mean

Difference in
Deviation

IFPR SD from
Sample Mean

AFL Player Rating SD from
Sample Mean

Difference in
Deviation

2013 0.93 0.94 -0.01

2014 0.37 0.60 -0.23 -0.91 -0.74 -0.17

2015 0.39 0.92 -0.53 -0.15 -0.78 0.63

2016 0.17 0.98 -0.81 0.60 -0.76 1.36

2017 -0.56 0.83 -1.39 1.07 -0.70 1.77

https://doi.org/10.1371/journal.pone.0220901.t004
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account for the roles specific to each positional group [39]. Further, both models display a neg-
ative association between behinds and expected IFPR, thus indicating that behinds might be
viewed as inefficient. This is not surprising, as though behinds contribute to team scoring, they
also result in a loss of possession. The agreement levels outlined in both models indicates that
alone the features used cannot fully explain the IFPR process. This may be a result of the fea-
tures used not being able to fully capture aspects of technical performance, or potentially
because the subjective assessors of performance consider more in depth performance actions,
other contextual information (i.e., strength of opponent, expected match outcome) or are
influenced by their own individual biases.

The recursive partitioning and regression tree model provides a visual representation of
what performance indicators subjective raters tend to associate with better or worse perfor-
mances. This is particularly visible by conceptualising the explanations of the highest and low-
est IFPR values within each of the trees (i.e., the limbs stemming from the root node to the
highest or lowest outcome variable of each recursive partitioning and regression tree). Whilst
we observe that for the more frequently occurring IFPR outcome variables, performance rating
can be explained in various ways, by various combinations of associated performance indica-
tors. However, despite each recursive partitioning and regression tree (full model and player
role specific models) incorporating six or more of these features, explanation of performances
which are associated with highest or lowest IFPR values are explained by just the features

Fig 7. Paul Puopolo’s average season ratings in comparison to the distribution of all player’s average ratings. (A) Inside Football Player Ratings and (B) AFL Player
Ratings, across the 2013–2017 AFL seasons. Dark grey indicates mean ± SD, medium grey indicates one to two SD, and light grey indicates two plus SD.

https://doi.org/10.1371/journal.pone.0220901.g007
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kicks, handballs and one or two other features for all player roles, except rucks which has three
other features. This explanation of performance associated with the highest and lowest ratings
aligns with previous research, whereby subjective evaluation of performance has been shown to
rely on the presence of noticeable features that are specific to a player’s role, and are easily
brought to mind [8, 40]. For example, a specific instance of a positively associated noticeable
feature in this study is goals for key forwards; whereby the model can explain the subjective rat-
ing of performance for players who kick four or more goals, irrespective of any other features.

Applications of these models have the potential to be beneficial in supporting the decision
making processes in professional AF organisations. Figs 7 and 8 provide specific comparisons
of how the subjective and objective evaluations of player performance outlined in Table 4 can
be compared, and visualised. Specifically Fig 7 indicates that the player is objectively rated
more highly across all four seasons in comparison to the subjective ratings system. Conversely,
Fig 8 indicates that whilst the subjective rating system shows the individuals performance has
progressed across his four seasons, the objective rating system indicates that performance has
remained very similar. Without the ability to unequivocally identify the reasons for these
inconsistencies, this highlights the importance of considering both subjective and objective
measures when evaluating player performance.

In an applied setting, these findings advocate for performance evaluators and key decision
makers (i.e., coaches, player scouts) to utilise both types of evaluations, and to be aware of

Fig 8. Ben Jacobs’ average season ratings in comparison to the distribution of all player’s average ratings. (A) Inside Football Player Ratings and (B) AFL Player
Ratings, across the 2013–2017 AFL seasons. Dark grey indicates mean ± SD, medium grey indicates one to two SD, and light grey indicates two plus SD.

https://doi.org/10.1371/journal.pone.0220901.g008
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their differences. Further, it also encourages the need for these key decision makers to be
aware of the various reasons which could account for these differences, as well as the tenden-
cies of the subjective performance assessors. As an example, the objective measure may not
capture and fully account for certain aspects of the game, such as off-ball defensive acts, which
would be important to know when evaluating individual players who have a specific role to
negate an opposition player. Alternately, the subjective assessor may be prone to certain biases,
such as a personal bias, and may consistently under- or over-rate certain players.

Some limitations of this study should also be noted. Though the mixed model approach in
this study was able to account for repeated measures in the dataset, the recursive partitioning
and regression tree model did not. Despite this limitation, as the results of the linear mixed
model indicated minimal effects from the repeated measures variables, the recursive partition-
ing and regression tree model was subsequently used due to its interpretability as an applied
application, and its ability identify non-linear trends. Another limitation is that not all avail-
able performance indicators were used to construct the models. Future research could look to
include these, as well as other factors such as anthropometric features to further analyse sub-
jective ratings of player performance in AF. Specifically, future research should target the sub-
jective ratings of key decision makers within applied sporting organisations (i.e., coaches and
scouts), to further understand the validity and reliability of their organisational decision mak-
ing processes.

Conclusions

The models developed in this study provide an explanation of subjective analyses of performance
in AF. Specifically, it demonstrates that subjective perceptions of performance can be somewhat
accurately explained whilst considering a small number of performance indicators specific to a
player’s role. Further, though there is an ongoing development of objective data and player perfor-
mance measures in both AF and wider team sport literature, the results of this study support the
notion that overall player performance evaluations should consider both subjective and objective
assessments in a complementary manner to accurately evaluate player performance.
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S5 Fig. Classification tree model explaining Inside Football Player Ratings for Midfielders
frommatch performance indicators. Terminal node variables outline the model-expected
Inside Football Player Rating. Decimals indicate the absolute classification rate at the node.
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Comparing subjective and objective evaluations of player performance in 

Australian Rules football 

6.1 Abstract 

Player evaluation plays a fundamental role in the decision-making processes of professional 

sporting organisations. In the Australian Football League, both subjective and objective 

evaluations of player match performance are commonplace. This study aimed to identify the 

extent to which performance indicators can explain subjective ratings of player performance. 

A secondary aim was to compare subjective and objective ratings of player performance. Inside 

Football Player Ratings (IFPR) and AFL Player Ratings were collected as subjective and 

objective evaluations of player performance, respectively, for each player during all 1026 

matches throughout the 2013-2017 AFL seasons. Nine common player performance indicators, 

player role classification, player age and match outcomes were also collected. Standardised 

linear mixed model and recursive partitioning and regression tree models were undertaken 

across the whole dataset, as well as separately for each of the seven player roles. The mixed 

model analysis produced a model associating the performance indicators with IFPR at a root 

mean square error of 0.98. Random effects accounting for differences between seasons and 

players ranged by 0.09 and 1.73 IFPR each across the five seasons and 1052 players, 

respectively. The recursive partitioning and regression tree model explained IFPR exactly in 

35.8% of instances, and to within 1.0 IFPR point in 81.0% of instances. When analysed 

separately by player role, exact explanation varied from 25.2% to 41.7%, and within 1.0 IFPR 

point from 70.3% to 88.6%. Overall, kicks and handballs were most associated with the IFPR. 

This study highlights that a select few features account for a majority of the variance when 

explaining subjective ratings of player performance, and that these vary by player role. 
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Australian Football League organisations should utilise both subjective and objective 

assessments of performance to gain a better understanding of the differences associated with 

subjective performance assessment. 

6.2 Introduction 

Player evaluation plays a fundamental role in the decision-making processes of professional 

sporting organisations, including player monitoring, team selection, player contracting and 

scouting (Robertson et al., 2016; Ryoo, Kim & Park, 2018; Woods, Robertson, Collier, 

Swinbourne & Leicht, 2018). Despite widespread and available objective data within 

professional team sports, a reluctance of key decision makers to utilise these measures to 

develop and integrate decision support systems within their organisations remains (Alamar & 

Mehrotra, 2011; Hunt, Haynes, Hanna & Smith, 1998; Robertson et al., 2017). Despite this 

reluctance, there has been various literature outlining the benefits of considering objective 

evaluations of performance to support organisational decision-making processes (Carling et 

al., 2008; Pappalardo et al., 2017; Woods, Robertson, et al., 2018). Though these studies 

proclaim the benefits of objective evaluations (i.e., reliability and consistency), they each 

emphasise the importance of utilising both objective and subjective evaluations of performance 

in a complementary manner, to highlight whether inconsistencies exist between the evaluations 

and to ultimately improve player evaluation. 

Australian Rules football (AF) is a dynamic invasion team sport played on a large oval field 

between two opposing teams consisting of 22 players each (18 on the field and four 

interchange). Due to the dynamic nature of the sport and the complex interactions which occur 
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in AF, individual performance is difficult to analyse, both subjectively and objectively 

(Gerrard, 2007; McIntosh et al., 2018b). Despite this, various objective player performance 

measures have been created based on player performance in the elite competition of AF, the 

Australian Football League (AFL). Examples within the notational analysis literature include 

Stewart et al. (2007) who created a player ranking model by identifying the most important 

performance indicators, and including those with the strongest relationship to team winning 

margin. Heasman et al. (2008) created a player impact rating which assigned numerical values 

to each performance indicator relative to its perceived worth. These values were then weighted 

relative to environmental situations of the match, and adjusted relative to a player’s time on 

ground.  

Various objective player performance measures also exist for commercial purposes. Examples 

include the ‘AFL Player Rankings’ and the ‘AFL Player Ratings’, which are both produced by 

statistics provider Champion Data (Champion Data Pty Ltd., Melbourne, Australia). The 

former takes a similar approach to that of Stewart et al. (2007), however extends this model to 

include over 50 variables (Herald Sun, 2016), and is used for the fantasy competition 

‘SuperCoach’ (www.supercoach.heraldsun.com.au). The latter takes an alternate approach to 

most player performance rating systems, and is based on the principle of field equity. In this 

system, each action is quantified relative to how much the action increases or decreases their 

team’s expected value of scoring next (Jackson, 2009). A player’s overall performance is then 

measured by the overall change in equity that is created by that player’s actions during the 

game (Jackson, 2009).  

Subjective analyses of performance are also commonplace within the AFL. Examples include 

the AFL Coaches Association award and the AFL’s award for the fairest and best player 
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(Charles Brownlow Medal). Votes for each of these awards are cast at the conclusion of each 

match, based on the players deemed most influential during the match. Votes for the AFL 

Coaches Association award are cast by the senior coaches from both competing teams, and 

votes for the fairest and best player are cast by the field umpires. Further, various clubs use 

subjective coach ratings as a way of determining club based awards (Fox Sports, 2018), and 

various media sources publish subjective ratings for public interest. 

A common criticism of player performance evaluation in AF, as well as other team sports (i.e., 

basketball), is their bias towards players whose specific role involves being more frequently 

involved in the play, enabling their actions to have a more tangible effect on performance 

evaluation (Martínez & Martínez, 2011; Niall, 2018). These biases have been noted within the 

notational team sport literature in relation to both subjective and objective player performance 

analyses (Heasman et al., 2008; McHale et al., 2012). For AF, this specifically relates to 

midfield players whose role is more centred on following the play to obtain/maintain 

possession of the ball and improving their team’s field position. Previous objective player 

performance measures have combatted this by suggesting that player performance comparisons 

should be only made within players who play the same player roles (Heasman et al., 2008). 

Similar suggestions have been made in other team sports such as rugby union (James et al., 

2005).  

Despite frequent studies in the team sport notational analysis literature looking to encourage 

the use of objective performance rating systems (McHale et al., 2012; McIntosh et al., 2018b; 

Radovanović et al., 2013), very few studies have looked specifically at identifying the specific 

mechanisms behind subjective evaluation of individual performance in team sports. Pappalardo 

et al. (2017), analysed human evaluations of elite soccer performance using performance 
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indicators and contextual information relating to each match performance. The authors 

illustrated that subjective ratings of performance were biased towards specific performance 

indicators, as well as contextual factors such as the outcome of a game, and the expected 

outcome of a game as estimated by bookmakers. Their findings indicated that in order to 

improve overall performance evaluations, player analysis should be a balance between 

objective performance measures and subjective values such as insights from qualitative skill 

qualities. These findings are indicative of those in other fields, which have shown that humans 

are susceptible to many errors and biases in decision-making, and have limits to the amount of 

information they can comprehend (Grove et al., 2000; Miller, 1956).  

In AF, the majority of research on evaluating player performance has had a specific focus on 

assessing performance indicators in order to explain or predict playing performance (Heasman 

et al., 2008; McIntosh et al., 2019b; Stewart et al., 2007; Tangalos et al., 2015; Woods et al., 

2016; Woods, Veale, Collier & Robertson, 2017). Further to this, various other research in AF 

has been undertaken in other areas, such as assessing the relationship between performance 

indicators and match outcome (Robertson, Back, et al., 2015; Robertson et al., 2016; Young, 

Luo, Gastin, Tran, et al., 2019), playing position (McIntosh et al., 2018a; Woods, Veale, et al., 

2018), and trends in game-play (Woods, Robertson, et al., 2017). 

This study aimed to identify the extent to which performance indicators can explain subjective 

ratings of player performance in the AFL. A secondary aim was to compare subjective and 

objective ratings of player performance. The rationale for this study was to identify the 

relationship between subjective ratings of performance and the most basic comprehendible 

performance indicators, in order to add to the existing understanding of the extent to which 

human decisions are related to measurable aspects of a player’s performance. The 
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methodologies are expressed as an exemplar of what could be implemented within professional 

AF organisations using their own specific subjective rating processes. An understanding of 

these insights could be beneficial in supporting organisational decisions relating to weekly 

team selection, player recruitment, as well as player contracting and financial remuneration; 

each which have ramifications on team outcomes. 

6.3 Methods 

6.3.1 Data 

Two separate measures of player performance were collected for each player during 1026 

matches played throughout the 2013-2017 AFL seasons. This included 22 matches played by 

each team during the regular season, as well as a total of nine matches played throughout the 

finals series each season. One match was abandoned prior to play during the 2015 season. 

Further, the eight drawn matches that occurred throughout the 2013–2017 seasons were 

removed from the analyses. 

The IFPR were obtained from http://www.aflplayerratings.com.au, which is a subjective 

measure of player performance, rated continuously from zero to ten, based on human 

interpretation of a player’s performance (‘Inside Football’ is the commercial publication for 

these publically available player ratings). The ratings for each match were completed by a 

single AFL accredited journalist who was covering the game for Inside Football (most of whom 

had 10+ years in the industry). The journalist covering the game was at the ground in the 

majority of instances, and ratings were provided immediately post-match. The AFL Player 

Ratings were acquired from Champion Data (also available from http://www.afl.com.au/stats), 
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which is an objective measure of player performance, rated on an open-ended continuous scale, 

and based on the principle of field equity (Jackson, 2009). The rating process is derived from 

contextual information collected in real time by trained Champion Data staff (corrected post-

game), and is determined by how much each player’s actions increase or decrease their team’s 

expected value of  scoring (Jackson, 2009). The validity and reliability of the data provided by 

Champion Data is not publicly available. However, previous research conducted in AF has 

reported the validity of the performance indicators collected by Champion Data as high 

(O’Shaughnessy, 2006), and the reliability (as determined by an external assessment) as very 

high (ICC ranged from 0.947–1.000 for the included performance indicators) (Robertson et al., 

2016). Nine player performance indicators were collected from http://www.afl.com.au/stats, 

for each player and match included in the dataset. These indicators were selected due to being 

widely reported and available, as well as being previously reported in the literature (Robertson, 

Back, et al., 2015; Robertson et al., 2016; Stewart et al., 2007). These performance indicators 

and their definitions are outlined in Table 6.1. Player role classifications were collected for 

each player, based on Champions Data’s classification for each player at the end of each 

respective AFL season. These classifications are defined in Table 6.2. Additionally, a player’s 

age for each corresponding season (range: 18 to 40), and the match outcome for each match 

(Win and Losses; dummy coded as 1 and 0, respectively) were also collected. 
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Table 6.1 Definitions of the Australian Rules football performance indicators used in 

this study. 

Performance 
Indicator 

Definition 

Kick Disposing of the football with any part of the leg below the knee. 

Handball Disposing of the football by hitting it with the clenched fist of 
one hand, while holding it with the other. 

Mark Catching or taking control of the football after it has been kicked 
by another player a distance of at least 15 metres without 
touching the ground or being touched by another player. 

Tackle Taking hold of an opposition player in possession of the ball, in 
order to impede his progress or to force him to dispose of the 
ball quickly. 

Free For An infringement in favour of the player as called by the umpire. 

Free Against An infringement against the player as called by the umpire. 

Hitout A tap by a ruckman after a ball up or bounce by the umpire. 

Goals The maximum possible score (6 points) achieved by kicking the 
ball between the two goalposts without touching a post or any 
player. 

Behinds A score worth one point, achieved by the ball crossing between a 
goalpost and a behind post, or by the ball hitting a goalpost, 
or by the ball being touched prior to passing between the 
goalposts. 
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Table 6.2 Champions Data’s descriptions of the seven player roles used in this study. 

6.3.2 Statistical analysis 

Descriptive statistics (mean and standard deviation) were calculated for each of the two player 

rating measures, as well as for each respective player role. To determine the variation between 

the two rating systems, as well as each of the playing roles, the coefficient of variation was 

calculated for each. To determine the level of association between the two player rating systems 

and each of the features univariately (all performance indicators, as well as age and match 

outcome), correlational analyses were undertaken. This analysis was undertaken using the 

Hmisc package (Harrell Jr, 2017) in the R statistical computing software version 3.3.2 (R Core 

Team, 2016), and visualised using a correlogram. 

A linear mixed model analysis was undertaken to determine the extent to which each of the 

features explained IFPR. This particular approach was used to control the variability created 

by the repeated measures on each player. This analysis was undertaken using the lme4 package 

Player Roles Description 

General Defender Plays a role on opposition small-medium forwards and usually helps 
create play from the backline 

Key Defender Plays on opposition key forwards with the primary role of nullifying 
his opponent 

General Forward Plays predominantly in the forward half of the ground but with more 
freedom than a key forward 

Key Forward Plays predominantly as a tall marking target in the forward line 

Midfielder Spends the majority of time playing on the ball or on the wing 

Midfield Forward Splits time equally between the forward line and the midfield. Often 
lines up on the half-forward flank but plays a significant amount 
of time in the midfield 

Ruck Has the primary role of competing for hit-outs at a stoppage 
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(Bates et al., 2015). All factors (besides position) were standardised and centred with a mean 

= 0 prior to the analysis to allow for Beta coefficient comparisons. In the model, player and 

season were treated as separate random effects, whilst all other factors were considered as fixed 

effects.  

A recursive partitioning and regression tree model (Breiman et al., 1984; Gupta et al., 2017) 

was undertaken as a secondary method to determine the extent to which each of the features 

explained IFPR. This analysis was undertaken using the rpart package, which uses the CART 

algorithm (classification and regression trees) (Therneau et al., 2015). A minimum of 100 cases 

were needed for each node to split, and the complexity parameter was set at 0.001 in order to 

maximise the number of outcome variables in the model. These measures were employed in 

order to avoid overfitting and to produce a more parsimonious model. Data were split whereby 

the 2013-2016 seasons were used to train the model, which was then subsequently tested on 

the 2017 season. Results of the model were displayed using a tree visualisation and a histogram 

outlining the model accuracy. Additionally, the recursive partitioning and regression tree 

analysis was conducted firstly on the whole dataset and then separately for each of the seven 

respective player roles. 

A comparison of the IFPR and AFL Player Ratings was created for two specific players as a 

practical decision support application. Specifically, the deviation of each player’s season mean 

ratings was compared to the overall sample mean for each rating system. This application 

allowed for a descriptive analysis and visualisation of the difference in evaluation between the 

subjective and objective systems. 
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6.4 Results 

Descriptive statistics of each player role for both the IFPR and the AFL Player Ratings 

measures are presented in Figure 6.1. The overall mean and standard deviation of each rating 

system was 5.25 ± 1.73 for the IFPR, and 9.65 ± 5.58 for the AFL Player Ratings. The 

coefficient of variation for each system was 32.9% and 57.8%, respectively. The results of the 

Pearson’s correlation analysis indicated a moderate association (r = 0.60) between the AFL 

Player Ratings and the IFPR. Further, the IFPR and marks both showed moderate associations 

(r = 0.64 and r = 0.53) with kicks. All of the remaining associations were r < 0.50 and are 

outlined in Figure 6.2. Figure 6.3 outlines the distribution on AFL Player Ratings along the 

various levels of IFPR, indicating that as the IFPR increases, the mean AFL Player Ratings 

increases and the distribution becomes more spread. 

The results of the linear mixed model are outlined in Table 6.3. All features except for frees 

against, behinds and age contribute significantly to the model (p < 0.001), with kicks and 

handballs having the highest Beta coefficients of 0.844 and 0.646, respectively. The model 

produced a root mean square error of 0.98 in association with the IFPR. The random effect 

accounting for the difference between seasons ranged by 0.09 IFPR across the five seasons, 

indicating minimal variation. The random effect accounting for differences between players 

ranged by 1.73 IFPR across the 1052 players, indicating that the mixed model varied 

substantially in its ability to explain player performance for all players. 
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Figure 6.2 Correlogram outlining the Pearson correlation coefficients (r) between all 

features used within the study. 
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Figure 6.3 Standardised density distribution (%) of AFL Player Ratings across levels 

of Inside Football Player Ratings. Vertical lines indicate mean and ± one 

standard deviation. 
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Table 6.3 Results of the linear mixed model (dependent variable is “Inside Football 

Player Ratings”). 

Performance Indicator β Std. Error P 

Kicks 0.844   0.007 < 0.001 

Handballs 0.646  0.006 < 0.001 

Marks 0.091   0.006 < 0.001 

Tackles 0.150   0.006 < 0.001 

Frees For 0.047  0.005 < 0.001 

Frees Against -0.004 0.005 0.467 

Hitouts 0.290 0.011 < 0.001 

Goals 0.510 0.006 < 0.001 

Behinds 0.004 0.005 0.473 

Match Outcome 0.217 0.005 < 0.001 

Age 0.011 0.010 0.261 

Positional role (General Forward) -0.406 0.026 < 0.001 

Positional role (Key Defender) 0.486   0.030 < 0.001 

Positional role (Key Forward) -0.330 0.035 < 0.001 

Positional role (Midfield) -0.310 0.023 < 0.001 

Positional role (Midfield Forward) -0.310 0.028 < 0.001 

Positional role (Ruck) -0.321 0.054 < 0.001 
         Reference level for positional role: General Defender. 
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The full recursive partitioning and regression tree model is presented in Figure 6.4. Despite 

having 38 terminal nodes, only the features relating to ball disposal (kicks and handballs), 

scoring (goals and behinds), match outcome and hitouts contribute to the model. The splitting 

of the nodes within each branch indicates that having a greater total count of each performance 

indicator results in a higher rating of performance, except for behinds. None of the terminal 

nodes explain the outcome variables zero, nine or ten. The results of this model are outlined in 

Figure 6.5 and display that the IFPR could be explained exactly in 35.8% of instances, and 

within 1.0 IFPR point 81.0% of the time. The positive x-axis variables indicate that the model-

expected IFPR was higher than the actual IFPR. Conversely, the negative x-axis variables 

indicate that the model-expected IFPR was lower than the actual IFPR. 

Appendices C.1-C.7 outline the separate recursive partitioning and regression tree models 

based on each player role. As with the full model, none of the terminal nodes explain the 

outcome variables zero or ten; however the models based on Key Forwards and Midfielders do 

explain the outcome variable nine. Further, the model based on Key Defenders also excludes 

the outcome variables one and eight. Each of the separate models included six or more features, 

with kicks and handballs featuring heavily in all. Kicks was the root node in all models except 

for Rucks and Key Forwards, where hitouts and goals where the root node in each, respectively. 

The most notable additional changes from the full model were that goals featured frequently in 

the models for Key and General Forwards, marks featured frequently in Key and General 

Defenders, as well as Key Forwards, tackles for General Defenders, Key Forwards and 

Midfielders, and hitouts for Ruckmen. The range of accuracy for explaining IFPR exactly in 

these separate models varied from 25.2% for Key Defenders to 41.7% for Midfielders. The 
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accuracy within 1.0 IFPR point either side varied from 70.3% for Key Defenders to 88.6% for 

Midfielders. 

Figure 6.6 outlines the distribution of IFPR and AFL Player Ratings for winning and losing 

teams across the five seasons. The abovementioned random effects accounting for player 

differences provide an indication of the individual players who were most consistently under- 

and over-rated as estimated by the linear mixed model, after adjusting for the fixed effect 

factors. Two individuals were selected, with a comparison of subjective and objective 

evaluations of their performance undertaken as an exemplar of the application. Specifically, in 

order to compare their evaluations between the two rating systems on different scales, the 

deviation of their seasonal mean rating from the overall sample mean were calculated for each 

system. Table 6.4 outlines the deviation of their seasonal mean ratings from the overall sample 

mean of rating values for the two respective players. Additionally, Figure 6.7 and Figure 6.8 

outline how this could be visualised for ease of interpretability in an applied setting.
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Figure 6.5 Difference in actual and model-expected Inside Football Player Ratings. 
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6.5 Discussion 

This study aimed to identify the extent to which performance indicators can explain subjective 

ratings of player performance. A secondary aim was to compare subjective and objective 

evaluations of player performance. To achieve the primary aim, two separate models were fit 

identifying the relationship between our exemplar subjective rating system, the IFPR, and the 

selected performance indicators. To achieve the secondary aim, a descriptive analysis and 

visualisation was conducted to outline the potential discrepancies noted between subjective and 

objective evaluations of player performance. Together, these methodologies are expressed as 

an exemplar of what could be implemented within professional AF organisation using their 

own specific subjective rating processes. 

Inspection of the coefficient of variation for each playing role, and the descriptive statistics 

outlined in Figure 6.1 indicates that the distribution of ratings in the subjective IFPR system is 

more variable between each of the player role classifications, in comparison to the objective 

AFL Player Ratings system. In addition to this, in both ratings systems the mean values for 

midfielders are higher than that for all other player roles. This aligns with the aforementioned 

biases noted within both AF and the wider team sport literature (Heasman et al., 2008; Martínez 

& Martínez, 2011; Niall, 2018). 

Both the linear mixed model and recursive partitioning and regression tree models provide an 

objective view of how subjective analyses of performance are explained. Each of the models 

reflect the results of the other, and outline that when explaining subjective assessment of 

performance, a small number of features account for a large majority of the variance. The 

changes seen in the recursive partitioning and regression tree model once analysed separately 

by position supports the notion that specific indicators differ between playing roles, indicating 
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that controlling for player role when explaining player performance subjectively is important, 

to account for the roles specific to each positional group (Torgler & Schmidt, 2007). Further, 

both models display a negative association between behinds and expected IFPR, thus indicating 

that behinds might be viewed as inefficient. This is not surprising, as though behinds contribute 

to team scoring, they also result in a loss of possession. The agreement levels outlined in both 

models indicates that alone the features used cannot fully explain the IFPR process. This may 

be a result of the features used not being able to fully capture aspects of technical performance, 

or potentially because the subjective assessors of performance consider more in depth  

performance actions, other contextual information (i.e., strength of opponent, expected match 

outcome) or are influenced by their own individual biases. 

The recursive partitioning and regression tree model provides a visual representation of what 

performance indicators subjective raters tend to associate with better or worse performances. 

This is particularly visible by conceptualising the explanations of the highest and lowest IFPR 

values within each of the trees (i.e., the limbs stemming from the root node to the highest or 

lowest outcome variable of each recursive partitioning and regression tree). Whilst we observe 

that for the more frequently occurring IFPR outcome variables, performance rating can be 

explained in various ways, by various combinations of associated performance indicators. 

However, despite each recursive partitioning and regression tree (full model and player role 

specific models) incorporating six or more of these features, explanation of performances 

which are associated with highest or lowest IFPR values are explained by just the features 

kicks, handballs and one or two other features for all player roles, except rucks which has three 

other features. This explanation of performance associated with the highest and lowest ratings 

aligns with previous research, whereby subjective evaluation of performance has been shown 

to rely on the presence of noticeable features that are specific to a player’s role, and are easily 
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brought to mind (Pappalardo et al., 2017; Parrington, Ball & Macmahon, 2013). For example, 

a specific instance of a positively associated noticeable feature in this study is goals for key 

forwards; whereby the model can explain the subjective rating of performance for players who 

kick four or more goals, irrespective of any other features. 

Applications of these models have the potential to be beneficial in supporting the decision-

making processes in professional AF organisations. Figures 6.7 and 6.8 provide specific 

comparisons of how the subjective and objective evaluations of player performance outlined 

in Table 6.4 can be compared, and visualised. Specifically Figure 6.7 indicates that the player 

is objectively rated more highly across all four seasons in comparison to the subjective ratings 

system. Conversely, Figure 6.8 indicates that whilst the subjective rating system shows the 

individuals performance has progressed across his four seasons, the objective rating system 

indicates that performance has remained very similar. Without the ability to unequivocally 

identify the reasons for these inconsistencies, this highlights the importance of considering both 

subjective and objective measures when evaluating player performance.  

In an applied setting, these findings advocate for performance evaluators and key decision 

makers (i.e., coaches, player scouts) to utilise both types of evaluations, and to be aware of 

their differences. Further, it also encourages the need for these key decision makers to be aware 

of the various reasons which could account for these differences, as well as the tendencies of 

the subjective performance assessors. As an example, the objective measure may not capture 

and fully account for certain aspects of the game, such as off-ball defensive acts, which would 

be important to know when evaluating individual players who have a specific role to negate an 

opposition player. Alternately, the subjective assessor may be prone to certain biases, such as 

a personal bias, and may consistently under- or over-rate certain players. 
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Some limitations of this study should also be noted. Though the mixed model approach in this 

study was able to account for repeated measures in the dataset, the recursive partitioning and 

regression tree model did not. Despite this limitation, as the results of the linear mixed model 

indicated minimal effects from the repeated measures variables, the recursive partitioning and 

regression tree model was subsequently used due to its interpretability as an applied 

application, and its ability identify non-linear trends. Another limitation is that not all available 

performance indicators were used to construct the models. Future research could look to 

include these, as well as other factors such as anthropometric features to further analyse 

subjective ratings of player performance in AF. Specifically, future research should target the 

subjective ratings of key decision makers within applied sporting organisations (i.e., coaches 

and scouts), to further understand the validity and reliability of their organisational decision-

making processes. 

6.6 Conclusion 

The models developed in this study provide an explanation of subjective analyses of 

performance in AF. Specifically, it demonstrates that subjective perceptions of performance 

can be somewhat accurately explained whilst considering a small number of performance 

indicators specific to a player’s role. Further, though there is an ongoing development of 

objective data and player performance measures in both AF and wider team sport literature, 

the results of this study support the notion that overall player performance evaluations should 

consider both subjective and objective assessments in a complementary manner to accurately 

evaluate player performance. 



����

CHAPTER SEVEN – GENERAL 

DISCUSSION, CONCLUSIONS AND 

FUTURE DIRECTIONS FOR RESEARCH 

Chapter Overview 

,Q�WKLV�FKDSWHU��WKH�PHWKRGRORJLHV�DQG�UHVXOWV�SURGXFHG�DV�SDUW�RI�WKLV�WKHVLV�DUH�GLVFXVVHG��DV�

ZHOO�DV�WKH�LPSOHPHQWDWLRQ�RI�GHFLVLRQ�VXSSRUW�V\VWHPV�ZLWKLQ�SURIHVVLRQDO�RUJDQLVDWLRQV��7KLV�

FKDSWHU� FRQWDLQV� D� JHQHUDO� GLVFXVVLRQ� �VHFWLRQ� 7�1��� LQGXVWU\� LPSOHPHQWDWLRQ� �VHFWLRQ� 7�����

IXWXUH�GLUHFWLRQV��VHFWLRQ�7�3��DQG�FRQFOXVLRQ��VHFWLRQ�7�4��VHFWLRQV��

7.1 General Discussion 

7KH�RYHUDUFKLQJ�DLP�RI�WKLV�WKHVLV�ZDV�WR�PRGHO�SOD\HU�SHUIRUPDQFH�GDWD�IRU�RUJDQLVDWLRQDO�

GHFLVLRQ�VXSSRUW�LQ�SURIHVVLRQDO�$)��6SHFLILFDOO\��WKLV�WKHVLV�WDUJHWV�D�QLFKH�DUHD�RI�WKH�OLWHUDWXUH�

ZKLFK� H[LVWV� VXUURXQGLQJ� PRGHOOLQJ� SOD\HU� SHUIRUPDQFH� GDWD� WR� H[SODLQ� LQGLYLGXDO� SOD\HU�

SHUIRUPDQFH�LQ�$)��7KLV�WKHVLV�DFKLHYHV�WKDW�E\�FUHDWLQJ�QHZ�DSSOLFDWLRQV��DV�ZHOO�DV�H[WHQGLQJ�

H[LVWLQJ�PHWKRGRORJLHV�IURP�RWKHU�WHDP�VSRUWV�WR�$)��XWLOLVLQJ�WKH�HOLWH�FRPSHWLWLRQ�WKH�$)/��

$� SULPDU\�PRWLYDWLRQ� RI� WKLV� WKHVLV� ZDV� WR� FUHDWH� DFWLRQDEOH� LQWHOOLJHQFH� �0RUJDQ�� ��16���

WKURXJK�YLVXDOLVLQJ�WKH�PRGHOV�LQ�HDFK�VWXG\�WR�SURYLGH�PHDQLQJIXO�LQIRUPDWLRQ�ZKLFK�FRXOG�

EH�XVHG�GLUHFWO\�E\�WKRVH�LQGLYLGXDOV�LQ�WKH�RUJDQLVDWLRQDO�SRVLWLRQV�WR�EHVW�PDNH�HIIHFWLYH�XVH�
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RI�LW��L�H���FRDFKHV��FRQWUDFW�PDQDJHUV��VFRXWV���7KH�WKHVLV�EHJLQV�E\�LQYHVWLJDWLQJ�WKH�YDOLGLW\�

RI� WKH� RIILFLDO� $)/� 3OD\HU� 5DWLQJV� V\VWHP�� 7KLV� LQLWLDO� LQYHVWLJDWLRQ� �&KDSWHU� 7KUHH�� ZDV�

FRQGXFWHG� WR�RXWOLQH� WKH�YLDELOLW\�RI� WKLV� V\VWHP� IRU� XVH� LQ� IXUWKHU� DQDO\VHV��7KH� IROORZLQJ�

VWXGLHV�RI�WKLV�WKHVLV��&KDSWHUV�)RXU�DQG�)LYH��WKHQ�IRFXV�RQ�WKH�XVH�RI�WKLV�REMHFWLYH�PHWULF�WR�

FUHDWH�DSSOLFDWLRQV�IRU�VXSSRUWLQJ�ERWK�VKRUW��DQG�ORQJ�WHUP�RUJDQLVDWLRQDO�GHFLVLRQV��7KH�ILQDO�

VWXG\� RI� WKLV� WKHVLV� �&KDSWHU� 6L[�� WKHQ� IRFXVHV� RQ� FRPSDULQJ� REMHFWLYH� DQG� VXEMHFWLYH�

HYDOXDWLRQV�RI�SOD\HU�SHUIRUPDQFH��LQ�RUGHU�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�GLIIHUHQFHV�

DVVRFLDWHG�EHWZHHQ�HDFK�IRUP�RI�SHUIRUPDQFH�DVVHVVPHQW��

2QH� RI� WKH� SULPDU\� FRQWULEXWLRQV� RI� WKLV� WKHVLV� DUH� WKH� LQVLJKWV� GHULYHG� IURP� WKH� PRGHO�

DSSOLFDWLRQV��6SHFLILFDOO\��WKH�GLIIHUHQW�PRGHOOLQJ�DSSURDFKHV�ZHUH�FRQGXFWHG�ZLWK�SUDFWLFDO�

DSSOLFDWLRQ�LQ�PLQG�WR�DOORZ�IRU�DSSOLHG�XVH�ZLWKLQ�WKH�$)/��3ULRU�WR�WKH�UHVHDUFK�SUHVHQWHG�LQ�

WKLV�WKHVLV��PLQLPDO�ZRUN�KDG�EHHQ�XQGHUWDNHQ�WDUJHWLQJ�WKH�DSSOLFDWLRQ�RI�SOD\HU�SHUIRUPDQFH�

GDWD�WR�VXSSRUW�UHFUXLWPHQW�DQG�OLVW�PDQDJHPHQW�GHFLVLRQV�LQ�$)��:KLOH�SOD\HU�SHUIRUPDQFH�

GDWD�KDV�EHHQ�SUHYLRXVO\�XVHG�WR�VXPPDULVH�DQG�TXDQWLI\�LQGLYLGXDO�SOD\HU�PDWFK�SHUIRUPDQFH�

�+HDVPDQ�HW�DO������8��6WHZDUW�HW�DO������7��7DQJDORV�HW�DO�����1����QR�VWXGLHV�KDG�XVHG� WKH�

SOD\HU�SHUIRUPDQFH�GDWD�WR�H[DPLQH�ORQJLWXGLQDO�SOD\HU�SHUIRUPDQFH��RU�WR�FRPSDUH�VXEMHFWLYH�

DQG�REMHFWLYH�DVVHVVPHQWV�RI�SOD\HU�SHUIRUPDQFH�LQ�SURIHVVLRQDO�$)��

7KH� $)/� LV� D� PXOWL�ELOOLRQ� GROODU� VSRUWV� LQGXVWU\�� ZLWK� VXEVWDQWLDO� UHJXODWLRQV� DURXQG�

PDLQWDLQLQJ�FRPSHWLWLYH�EDODQFH�DFURVV�WKH�FRPSHWLWLRQ��*UD\�	�-HQNLQV����1����$V�VXFK��WKHUH�

LV�D�ODUJH�HPSKDVLV�E\�SURIHVVLRQDO�$)�FOXEV�DQG�WKHLU�NH\�GHFLVLRQ�PDNHUV�RQ�LPSURYLQJ�WKH�

DFFXUDF\� DQG� HIILFLHQF\� LQ� ZKLFK� RUJDQLVDWLRQDO� GHFLVLRQV� DUH� PDGH�� LQ� RUGHU� WR� JDLQ� DQG�

PDLQWDLQ�D�FRPSHWLWLYH�DGYDQWDJH��+LFNH\��6KLHOG��:LOOLDPV�	�2SDU����14��5REHUWVRQ��%DFN��

HW�DO�����1����7KLV�HPSKDVLV�SDUWLDOO\�VWHPV�IURP�LPSURYHPHQWV�VHHQ�LQ�RWKHU�SURIHVVLRQDO�WHDP�
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VSRUWV��ZKLFK� KDYH� GHPRQVWUDWHG� WKDW� RUJDQLVDWLRQV� FDQ� EHQHILW� VXEVWDQWLDOO\� E\� HPSOR\LQJ�

PHWKRGLFDO�DQG�GLVFLSOLQHG�DSSURDFKHV�WR�FKDQJH�WKH�ZD\�LQ�ZKLFK�WKH\�DSSURDFK�GHFLVLRQ�

PDNLQJ�WDVNV��0D\PLQ����17��2IRJKL��=HOH]QLNRZ��0DF0DKRQ�	�'Z\HU����13���2WKHU�IDFWRUV�

GULYLQJ�WKLV�LPSURYHPHQW�LQFOXGH�WKH�LQFUHDVH�LQ�OLNHQHVV�GUDZQ�EHWZHHQ�VSRUWLQJ�RUJDQLVDWLRQ�

SURFHVVHV�� WR� WKDW� RI� HVWDEOLVKHG� SURFHVVHV� ZLWKLQ� RWKHU� LQGXVWU\� RUJDQLVDWLRQV�� DQG� WKH�

DVVRFLDWHG� OHDUQLQJ� WUDQVIHUV� ZKLFK� FDQ� EH� JHQHUDWHG� �0DVVH\� 	� 7KDOHU�� ��13�� :RRGV��

5REHUWVRQ�� HW� DO��� ��18��� 6SHFLILFDOO\��0DVVH\� DQG�7KDOHU� ���13�� RXWOLQH� WKDW� WHDP� VSRUW� LV�

DUJXDEO\�D�VLPSOHU�GRPDLQ�IRU�LPSURYLQJ�SURFHVVHV�VXFK�DV�UHFUXLWPHQW��GXH�WR�WKH�DELOLW\�WUDFN�

WKH� SHUIRUPDQFH� RI� VHOHFWHG� DQG� QRQ�VHOHFWHG� SURVSHFWV� ERWK� EHIRUH� DQG� DIWHU� UHFUXLWPHQW�

�DVVXPLQJ�QRQ�VHOHFWHG�SURVSHFWV�DUH�VHOHFWHG�E\�RWKHU�WHDPV���7KH�EHQHILWV�RI�LPSURYLQJ�WKH�

DFFXUDF\�DQG�HIILFLHQF\�RI�GHFLVLRQ�PDNLQJ�LQ�RWKHU�WHDP�VSRUWV�DQG�RWKHU�LQGXVWULHV�KDV�OHG�WR�

ERWK� LPSURYHG� WHDP�RUJDQLVDWLRQ� SHUIRUPDQFH� RXWFRPHV�� DV� ZHOO� DV� WKH� ILQDQFLDO� JDLQV�

DVVRFLDWHG� ZLWK� LPSURYHG� SHUIRUPDQFH� �%U\QMROIVVRQ�	�0F(OKHUDQ�� ��16��0D\PLQ�� ��17��

2IRJKL�� =HOH]QLNRZ�� 0DF0DKRQ� 	� 'Z\HU�� ��13��� $V� D� UHVXOW�� WKLV� KDV� FUHDWHG� D� JUHDWHU�

GHPDQG�IRU�UHVHDUFK�LQWR�SHUIRUPDQFH�DQDO\VLV�SURFHVVHV�WR�SURYLGH�REMHFWLYH�DSSURDFKHV�WR�

VXSSRUW�GHFLVLRQ�PDNLQJ�WDVNV�LQ�$)��5REHUWVRQ��:RRGV��HW�DO�����1����

3UHVHQWO\��WKHUH�LV�D�ODUJH�DPRXQW�RI�SOD\HU�SHUIRUPDQFH�GDWD�DYDLODEOH�DW�WKH�HOLWH�OHYHO�RI�$)��

LQFOXGLQJ�PDWFK�DQG�WUDLQLQJ�WHFKQLFDO�SHUIRUPDQFH�LQGLFDWRUV�DQG�VSDWLRWHPSRUDO�SDUDPHWHUV��

DV�ZHOO�DV�QRQ�SHUIRUPDQFH�VSHFLILF�GDWD�VXFK�DV�SK\VLFDO�WHVWLQJ�DQG�ZHOOQHVV�GDWD��+RZHYHU��

WKH�YROXPH�RI�DSSOLFDWLRQV�FUHDWHG�DQG�SXEOLVKHG�ZLWKLQ�WKH�QRWDWLRQDO�WHDP�VSRUW�OLWHUDWXUH�LV�

EHKLQG�WKDW�RI�RWKHU�LQYDVLRQ�WHDP�VSRUWV��7KLV�UHGXFHG�DWWHQWLRQ�OLNHO\�H[LVWV�GXH�WR�ERWK�WKH�

OHYHO�RI�FRPSOH[LW\�GHWHUPLQLQJ�REMHFWLYHO\�TXDQWLILDEOH�RXWFRPHV�LQ�$)��'XFK�HW�DO�����1����

DV�ZHOO�DV�RWKHU�SURIHVVLRQDO�VSRUWLQJ�OHDJXHV�KDYLQJ�DFFHVV�WR�LQFUHDVHG�UHVRXUFHV��6DUPHQWR�

HW�DO�����14����
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,Q� VHFWLRQ� ��3� LW� ZDV� RXWOLQHG� WKDW� WKH� RXWFRPHV� RI� WKLV� WKHVLV� GLG� QRW� LQWHQG� WR� GHYHORS�

DXWRPDWHG� GHFLVLRQ� VXSSRUW� V\VWHPV�� EXW� UDWKHU� WR� HPSKDVLVH� WKH� LPSRUWDQFH� RI� XWLOLVLQJ�

UHOHYDQW�GDWD�DQG�DSSURSULDWH�PHWKRGRORJLHV�WR�FUHDWH�REMHFWLYH�V\VWHPV�ZKLFK�FRXOG�EH�XVHG�

WR�VXSSRUW�RUJDQLVDWLRQDO�GHFLVLRQV��:KLOVW�WKH�RSHQ�HQGHG�DSSOLFDWLRQV�FUHDWHG�DV�SDUW�RI�WKLV�

WKHVLV� KDYH� WKHLU� SODFH� ZLWKLQ� DSSOLHG� VHWWLQJV� WR� SURYLGH� GHVFULSWLYH� H[SORUDWLRQ� DQG�

TXDQWLWDWLYH� UHFRPPHQGDWLRQV� LQ� D�YLVXDO� IRUPDW�� WKHUH� LV� DOVR�D�SODFH� IRU�PRUH�GLUHFWHG�RU�

FORVHG� GHFLVLRQ� VXSSRUW� V\VWHPV�� 7KHVH� V\VWHPV� FDQ� EH� GHVLJQHG� WR� SURYLGH� VXSSRUW� E\�

VSHFLILFDOO\�RXWOLQLQJ� WKH� µEHVW¶�GHFLVLRQV� IRU�NH\�GHFLVLRQ�PDNHUV� �L�H��� WUDIILF�OLJKWLQJ� W\SH�

V\VWHPV���DOORZLQJ� IRU�FHUWDLQ�RUJDQLVDWLRQDO�GHFLVLRQ�PDNLQJ� WDVNV� WR�EHFRPH�D� IRUPDOLVHG�

SURFHVV��$�VSHFLILF�H[DPSOH�RI�D�FORVHG�GHFLVLRQ�VXSSRUW�V\VWHP�LQ�DQ�DSSOLHG�WHDP�VSRUW�VHWWLQJ�

LV�WKDW�E\�5REHUWVRQ�HW�DO�����16���ZKHUHE\�D�WUDIILF�OLJKW�V\VWHP�LV�XVHG�WR�LQGLFDWH�D�GLUHFW�

UHFRPPHQGDWLRQ� DV� WR� WKH� VWDWXV� RI� HDFK� DWKOHWH� ZLWK� UHVSHFW� WR� SHUIRUPDQFH� RU� WUDLQLQJ�

DYDLODELOLW\���

'HVSLWH�RXWOLQLQJ�WKH�DSSOLFDELOLW\�RI�REMHFWLYH�PRGHOV�IRU�WKH�VXSSRUW�RI�GHFLVLRQV�UHODWLQJ�WR�

SOD\HU�VHOHFWLRQ��UHFUXLWLQJ�DQG�FRQWUDFWLQJ�LQ�WKLV�WKHVLV��YHU\�OLWWOH�KDV�DGGUHVVHG�KRZ�WKHVH�

GHFLVLRQV�FDQ�EH�HYDOXDWHG�LQ�DQ�DSSOLHG�VLWXDWLRQ��L�H���DUH�GHFLVLRQV�DFWXDOO\�LPSURYHG�DV�D�

UHVXOW� RI� PRGHO� LPSOHPHQWDWLRQ�� DQG� WR� ZKDW� H[WHQW��� 6RPH� UHDVRQV� IRU� WKLV� LQFOXGH��

GHWHUPLQLQJ� ZKHWKHU� GHFLVLRQV� DUH� FRQVLGHUHG� VXFFHVVIXO� RU� QRW� FDQ� WDNH� D� ORQJ� WLPH� WR�

FRPSUHKHQG��L�H���XQGHUVWDQGLQJ�ZKHWKHU�D�SOD\HU�LV�ZRUWK�ZKDW�WKH�RUJDQLVDWLRQ�KDV�SDLG�JLYHQ�

XS�FDQ�WDNH�PDQ\�\HDUV���0DVVH\�	�7KDOHU����13���$OVR��PRGHO�HYDOXDWLRQ�VKRXOG�EH�DVVHVVHG�

EDVHG�RQ�LWV�SHUIRUPDQFH�WR�VXSSRUW�GHFLVLRQV�EH\RQG�WKH�GHFLVLRQV�ZKLFK�ZRXOG�KDYH�EHHQ�

PDGH� LI� WKH� GHFLVLRQ� VXSSRUW�PRGHO� GLG�QRW� H[LVW� �0D\PLQ�� ��17���$V� VXFK�� HYDOXDWLRQV�RI�

PRGHO�VXFFHVV�RIWHQ�KDYH�WR�UHO\�RQ�EDFN�WHVWLQJ��ZKHUHE\�WKH�PRGHO�FDQ�EH�XVHG�WR�GHWHUPLQH�

LI�SUHYLRXV�GHFLVLRQV�FRXOG�KDYH�EHHQ�LPSURYHG�KDG�WKH�PRGHO�EHHQ�LQ�SODFH��+RZHYHU��WKLV�LV�
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RIWHQ� QRW� SUDFWLFDO� LQ� DQ� DSSOLHG� VHWWLQJ�� DV� LW� UHQGHUV� ERWK� GDWD� DYDLODELOLW\� DQG� DQDO\VLV�

SUREOHPV��0D\PLQ����17���6SHFLILFDOO\��EDFN�WHVWLQJ�VKRXOG�QRW�WHVW�PRGHO�SHUIRUPDQFH�RQ�WKH�

VDPH�GDWD�LQ�ZKLFK�LW�ZDV�WUDLQHG�RQ��WKXV�PHDQLQJ�WKDW�WKH�DPRXQW�RI�GDWD�DYDLODEOH�IRU�WUDLQLQJ�

D� PRGHO� LV� UHGXFHG�� )XUWKHU�� ZKHQ� EDFN� WHVWLQJ� RQ� SRWHQWLDO� DOWHUQDWLYH� UHFUXLWLQJ� DQG�

FRQWUDFWLQJ�GHFLVLRQV��WKHUH�LV�QR�GHILQLWLYH�ZD\�WR�UHWURVSHFWLYHO\�GHWHUPLQH�ZKDW�RWKHU�FOXEV�

ZRXOG�KDYH�EHHQ�ZLOOLQJ�WR�WUDGH�IRU�D�SOD\HU�GUDIW�SLFN��RU�ZKDW�UHPXQHUDWLRQ�D�SOD\HU�ZRXOG�

DFFHSW��UHVSHFWLYHO\��0D\PLQ����17���$V�VXFK��SURGXFLQJ�DFFXUDWH�UHWURVSHFWLYH�FRPSDULVRQV�

WR�K\SRWKHWLFDO�FKDQJHV�EHFRPHV�LQFUHDVLQJO\�GLIILFXOW��7KRXJK�WKLV�LV�WKH�FDVH�IRU�HYDOXDWLQJ�

GHFLVLRQV�ZKLFK�KDYH�ORQJHU�WHUP�RXWFRPH�UHVSRQVHV��LGHDOO\�GHFLVLRQ�VXSSRUW�V\VWHPV�ZLWK�

VKRUWHU�DQG�PRUH�GHILQHG�RXWFRPH�UHVSRQVHV�ZRXOG�EH�GHYHORSHG�ZLWK�WKH�LQWHQW�IRU�WKH�V\VWHP�

WR�YDOLGDWH�LWVHOI��9DULRXV�H[DPSOHV�RI�WKLV�H[LVW�ZLWKLQ�RWKHU�LQGXVWULHV��VXFK�DV�SURFHVV�FRQWURO��

RU�GHFLVLRQ�DQDO\VLV�LQ�PHGLFLQH��$OWPDQ��9HUJRXZH��5R\VWRQ�	�0RRQV�����9��:DJKROLNDU��

6XQGDUDUDMDQ�	�'HVKSDQGH����1����

,Q�D�FRPSOH[�DQG�G\QDPLF�LQYDVLRQ�WHDP�VSRUW�OLNH�$)��LW�LV�LPSRUWDQW�IRU�GHFLVLRQ�PDNHUV�WR�

XQGHUVWDQG� WKDW� HYHQ� WKH�PRVW� FRPSOH[�PRGHO� EDVHG�RQ� DQ� H[WHQVLYH�GDWDVHW� FDQ� VWLOO� KDYH�

GLIILFXOW\�DFFRXQWLQJ� IRU�DOO� WKH�HUUDWLF�FRQWH[WXDO� IDFWRUV� WKDW�H[LVW� �+XWFKLQV����16���6RPH�

H[DPSOHV�RI�WKHVH�WDQJLEOH�IDFWRUV�LQFOXGH�WKH�FRQVLVWHQF\�RI�D�SOD\HU¶V�UROH�RYHU�WKH�FRXUVH�RI�

D�PDWFK��H[LVWLQJ�LQMXULHV�DQG�LOOQHVVHV��DV�ZHOO�DV�WKH�PLQGVHW�RI�D�SOD\HU���

7KH�DERYHPHQWLRQHG�GLIILFXOWLHV� LQ�HYDOXDWLQJ� WKH�HIIHFWLYHQHVV�RI�REMHFWLYH�PRGHOV�UHIOHFWV�

WKH�QRWLRQV�RXWOLQHG�E\�$ODPDU�DQG�0HKURWUD� ���11��DQG�5HLQ�DQG�0HPPHUW� ���16��DW� WKH�

EHJLQQLQJ�RI� WKLV� WKHVLV�� WKHUH� DUH� VWLOO�PDQ\� FRPPRQ�PLVXQGHUVWDQGLQJV� UHODWLQJ� WR� D� GDWD�

GULYHQ�IRFXV�WRZDUGV�VXSSRUWLQJ�GHFLVLRQV��:LWKRXW�VWUDLJKWIRUZDUG�DSSURDFKHV�WR�DFFXUDWHO\�

GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�GHFLVLRQ�VXSSRUW�PRGHOV�EH\RQG�WKDW�RI�WKH�RUJDQLVDWLRQV�FXUUHQW�
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SUDFWLFHV�� WKHUH� ZLOO� OLNHO\� EH� RQJRLQJ� VFHSWLFLVP� DURXQG� ZKDW� REMHFWLYH� VXSSRUW� GHFLVLRQ�

PDNHUV�VKRXOG�FRQVLGHU��DQG�WR�ZKDW�H[WHQW�VKRXOG�WKHLU�GHFLVLRQV�EH�LQIOXHQFHG�E\�REMHFWLYH�

VXSSRUW� �$ODPDU�� ��13��� 'HVSLWH� WKLV�� WKH� QRWLRQ� WKDW� VXEMHFWLYH� DQDO\VHV� EDVHG� RQ� KXPDQ�

H[SHUWLVH�DOPRVW�QHYHU�PDNHV�PRUH�DFFXUDWH�GHFLVLRQV�FRPSDUHG�WR�REMHFWLYH�DQDO\VHV�EDVHG�

RQ� GDWD� LQ� WKH� ORQJ� WHUP�� KDV� EHHQ� ZHOO� GRFXPHQWHG� LQ� WKH� QRWDWLRQDO� OLWHUDWXUH� RI� RWKHU�

GLVFLSOLQHV��$\UHV�����8��0DUWLQ��4XLQQ��5XJHU�	�.LP�����4��1RUPDQ��1993���

7KH�UHPDLQGHU�RI�WKLV�VXEVHFWLRQ�RI�WKH�JHQHUDO�GLVFXVVLRQ�ZLOO�VHUYH�DV�DQ�H[WHQGHG�GLVFXVVLRQ�

RI� FKDSWHUV� WKUHH� WKURXJK� VL[�� 'XH� WR� WKH� LQDELOLW\� WR� GHWHUPLQH� REMHFWLYHO\� TXDQWLILDEOH�

RXWFRPHV�WKDW�HPDQDWH�GLUHFWO\�IURP�SOD\HU�DFWLRQV�LQ�$)��WKHUH�LV�JUHDW�GLIILFXOW\�LQ�WKH�DELOLW\�

WR�YDOLGDWH� WKH�PRGHOV�ZLWKLQ� WKLV� VWXG\�XVLQJ�DOWHUQDWH� VWXG\�GHVLJQV��:LWK� WKH�DGYDQFH� LQ�

REMHFWLYH� WHFKQRORJLHV�� VXFK� DV� SOD\HU� WUDFNLQJ�� DQG� LQFUHDVHG� FROOHFWLRQ� RI� WDFWLFDO�

SHUIRUPDQFH�LQGLFDWRUV��WKHUH�ORRPV�DQ�DELOLW\�WR�FUHDWH�D�PRUH�GHWDLOHG�UHSUHVHQWDWLRQ�RI�WKH�

VSHFLILF�HTXLW\�RI�SDUWLFXODU�SOD\HU�DFWLRQV��$V�VXFK��WKHUH�LV�WKH�SRWHQWLDO�WKDW�WKH�$)/�3OD\HU�

5DWLQJV��DV�ZHOO�DV�RWKHU�REMHFWLYH�SOD\HU�SHUIRUPDQFH�PHWULFV��ZLOO�FRQWLQXH�WR�EH�LPSURYHG�

DV� D� PHDVXUH� RI� REMHFWLYH� SOD\HU� SHUIRUPDQFH�� $V� WKHVH� PHWULFV� LPSURYHV�� WKHUH� ZLOO� EH�

RSSRUWXQLWLHV�IRU�WKH�PHWKRGV�LQ�WKH�WKHVLV�WR�EH�ULJRURXVO\�YDOLGDWHG�ZLWK�D�SRWHQWLDOO\�PRUH�

UREXVW�SOD\HU�SHUIRUPDQFH�PHWULF���

$�GHFLVLRQ�WUHH�DQDO\VLV�ZDV�FRQGXFWHG�LQ�ERWK�FKDSWHUV�IRXU�DQG�VL[��%HVLGHV�LWV�VXLWDELOLW\�DV�

DQ�DQDO\VLV�WRRO��WKLV�VSHFLILF�W\SH�RI�PRGHO�ZDV�FRQGXFWHG�SULPDULO\�GXH�WR�WKHLU�HDVH�RI�YLVXDO�

LQWHUSUHWDWLRQ��PDNLQJ� WKHP�SUDFWLFDO� IRU�XVH� LQ�DQ�DSSOLHG� VHWWLQJ�� ,Q�ERWK� WKHVH�FKDSWHUV�D�

UHODWLYHO\�EDVLF�H[SODQDWLRQ�RI�WKH�K\SHU�SDUDPHWHU�WXQLQJ�ZDV�RXWOLQHG�GXH�WR�WKH�HPSKDVLV�RI�

WKH�VWXGLHV�EHLQJ�RQ� WKH�DSSOLHG�XVDELOLW\�RI� WKH�PRGHOV��$�PRUH�JUDQXODU�H[SODQDWLRQ� LV�DV�

IROORZV��WKH�PRGHO�FRPSOH[LW\�SDUDPHWHUV�DQG�PLQLPXP�VSOLWWLQJ�ZHUH�WULDOOHG�DQG�WXQHG�XVLQJ�
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GLIIHUHQW� FRPELQDWLRQV� RI� SDUDPHWHUV�� ,Q� FKDSWHU� IRXU�� WKLV� ZDV� FRQGXFWHG� ZKLOVW� DOVR�

FRQVLGHULQJ� WKH�1��IROG�FURVV�YDOLGDWLRQ�SHUIRUPDQFH�RI� WKH�PRGHO�� ,Q� FKDSWHU� VL[�� WKLV�ZDV�

FRQGXFWHG�ZKLOVW�FRQVLGHULQJ�WKH�SHUIRUPDQFH�RI�WKH�PRGHO�RQ�WKH�WHVW�VHW��7KH�FRPELQDWLRQV�

FKRVHQ�IRU�HDFK�VWXG\�ZHUH�WKRVH�ZKLFK�UHWDLQHG�D�FRPSDUDWLYHO\�KLJK�FODVVLILFDWLRQ�DFFXUDF\��

DQG�VPDOOHU�JDS�LQ�SHUIRUPDQFH�FRPSDUDWLYH�WR�RWKHU�SDUDPHWHU�FRPELQDWLRQV��

,Q�FKDSWHU�VL[��D�GHVFULSWLYH�DQDO\VLV�DQG�YLVXDOLVDWLRQ�RI�WKH�,)35�DQG�$)/�3OD\HU�5DWLQJV�ZDV�

FUHDWHG�DV�D�SUDFWLFDO�DSSOLFDWLRQ�WR�DVVHVV�WKH�GLIIHUHQFH�LQ�HYDOXDWLRQ�EHWZHHQ�WKH�VXEMHFWLYH�

DQG�REMHFWLYH�V\VWHPV��UHVSHFWLYHO\��7KLV�GHVFULSWLYH�DQDO\VLV�ZDV�RXWOLQHG�E\�LQGLFDWLQJ�WKH�

DPRXQW�RI�VWDQGDUG�GHYLDWLRQ�EHWZHHQ�HDFK�SOD\HU¶V�VHDVRQ�PHDQ�UDWLQJ��DV�FRPSDUHG�WR�WKH�

RYHUDOO� VDPSOH�PHDQ� IRU� HDFK� UDWLQJ� V\VWHP��7KLV�PHWKRG�RI�FRPSDULVRQ�ZDV�FRQGXFWHG� WR�

FRXQWHU�WKH�GLIIHUHQFHV�VHHQ�EHWZHHQ�WKH�UDWLQJV�V\VWHPV��GXH�WR�EHLQJ�RQ�GLIIHUHQW�VFDOHV�ZLWK�

GLIIHUHQW�GLVSHUVLRQV���

$OVR�LQ� FKDSWHU� VL[�� WKH� ,)35�ZHUH� XVHG� DV� WKH� VXEMHFWLYH�PHDVXUH� RI� SOD\HU� SHUIRUPDQFH��

7KHVH�UDWLQJV�ZHUH� FRPSOHWHG� E\� D� VLQJOH�$)/�DFFUHGLWHG� MRXUQDOLVW�IRU�HDFK�PDWFK�� ,GHDOO\�

ZH� ZRXOG� KDYH� XVHG� HLWKHU� FRDFKHV� RU� VFRXWV� UDWLQJV� DV� WKH� VXEMHFWLYH�PHDVXUH� RI� SOD\HU�

SHUIRUPDQFH�LQ�WKLV�VWXG\��+RZHYHU��D�SULPDU\�DVSHFW�RI�WKH�DQDO\VLV�RI�WKLV�VWXG\�ZDV�KDYLQJ�

D� VXEMHFWLYH� UDWLQJ� RQ� HYHU\� SOD\HU�� IRU� HYHU\� URXQG� WKURXJKRXW� WKH� VHDVRQ��8QIRUWXQDWHO\��

ZLWKLQ� WKH� $)/� V\VWHP� WKHUH� DUH� QR� FXUUHQW� VXEMHFWLYH� UDWLQJV� ZKLFK� DUH� ERWK� SXEOLFO\�

DYDLODEOH�IRU�XVH��DQG�DUH�FRQGXFWHG�RQ�DOO�SOD\HUV��L�H��� WKH�$)/�&RDFKHV�$VVRFLDWLRQ�RQO\�

DWWULEXWH� YRWHV� WR� ILYH� SOD\HUV� SHU� PDWFK�� DQG� WKH� &KDUOHV� %URZQORZ�0HGDO� RQO\� DWWULEXWH�

YRWHV�WR�WKUHH�SOD\HUV�SHU�PDWFK���$V�VXFK��WKLV�VWXG\� SXW� DQ� HPSKDVLV� RQ� WKH�PHWKRGRORJ\��

DQG�KRZ�DSSOLFDWLRQV�RI�WKH�PHWKRGRORJLHV�DQG�PRGHOV�FUHDWHG�DV�SDUW�RI�WKLV�VWXG\�KDYH�
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WKH�SRWHQWLDO�WR�EH�XVHG�LQ�DQ�DSSOLHG�VHWWLQJ��L�H���LQ�D�FOXE�VHWWLQJ�ZKLFK�KDV�DFFHVV�WR�ERWK�

VXEMHFWLYH�DQG�REMHFWLYH�UDWLQJV�RQ�DOO�SOD\HUV�SRWHQWLDO�GUDIWHHV���

7.2 Industry Implementation�

,Q� DGGLWLRQ� WR� VWDNHKROGHU� EX\�LQ�� WKHUH� LV� D� WHFKQLFDO� FRPSRQHQW� WR� WKH� LPSOHPHQWDWLRQ� RI�

REMHFWLYH�GHFLVLRQ�VXSSRUW�V\VWHPV�LQ�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV��)RU�H[DPSOH��WKHUH�

LV� RIWHQ� D� UHTXLUHPHQW� IRU� DGGLWLRQDO� VRIWZDUH�� DV�ZHOO� DV� SUDFWLWLRQHUV�FRQVXOWDQWV�ZLWK� WKH�

DELOLW\�WR�RSWLPDOO\�GHVLJQ��LPSOHPHQW�DQG�PDLQWDLQ�DVSHFWV�RI�WKH�VXSSRUW�V\VWHP�VXFK�DV�WKH�

XVHU� H[SHULHQFH� LQWHUIDFH� DQG� GDWD� EDFNHQG�� :KHUH� SRVVLEOH�� LPSOHPHQWDWLRQ� RI� GHFLVLRQ�

VXSSRUW� V\VWHPV� LQWR� D� SURIHVVLRQDO� VHWWLQJ�ZRXOG� IROORZ�D� IUDPHZRUN��7KRXJK�QR� VSHFLILF�

UHVHDUFK� H[LVWV� LQ� WKH� WHDP� VSRUW� OLWHUDWXUH� RXWOLQLQJ� DQ� RYHUDUFKLQJ� IUDPHZRUN� IRU� WKH�

LQWHJUDWLRQ� RI� GHFLVLRQ� VXSSRUW� V\VWHPV� LQWR� SURIHVVLRQDO� VSRUWLQJ� RUJDQLVDWLRQV�� YDULRXV�

VLPLODULWLHV�FDQ�EH�GUDZQ�IURP�IUDPHZRUNV�RXWOLQHG�LQ�RWKHU�LQGXVWU\�RUJDQLVDWLRQV��VXFK�DV�

VPDOO�DQG�PHGLXP� EXVLQHVVHV� �$UQRWW�� ���6�� %ODFNZHOO�� 6KHKDE� 	� .D\�� ���6��� 6RPH�

WUDQVODWDEOH�VWHSV�LQFOXGH��

x ,GHQWLI\LQJ�WKH�VSHFLILF�RUJDQLVDWLRQDO�SUREOHPV�

x (VWDEOLVKLQJ� ZKHWKHU� LQWHJUDWHG� GHFLVLRQ� VXSSRUW� V\VWHPV� FDQ� DLG� WR� LPSURYH� WKH

RXWFRPHV�RI�WKH�SUREOHPV�

x 'HYHORSLQJ�D�WHDP�WKDW�FRQVLVWV�RI�WKRVH�LQGLYLGXDOV�PRVW�FDSDEOH�RI�FDUU\LQJ�RXW�WKH

SURMHFWV�VXFFHVVIXOO\�

x $FFHVVLQJ�DSSURSULDWH�VRIWZDUH�DQG�DYDLODEOH�LQIRUPDWLRQ�VRXUFHV�

x (GXFDWLQJ�GHFLVLRQ�PDNHUV�DQG�RWKHU�XVHUV�
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x (VWDEOLVKLQJ�WKH�LGHDO�OHYHO�RI�LQWHJUDWLRQ�

x 3XUFKDVLQJ� RU� GHYHORSLQJ� D� V\VWHP� WKDW� LV� VXLWDEOH� IRU� LQWHJUDWLRQ� ZLWKLQ� WKH

RUJDQLVDWLRQ�

x 5HYLVLRQ�DQG�PDLQWHQDQFH�RI�WKH�V\VWHP�SRVW�LQWHJUDWLRQ�

9DULRXV�HOHPHQWV�ZLWKLQ�WKH�GHYHORSPHQW�DQG�PDLQWHQDQFH�RI�D�VXSSRUW�V\VWHP�DUH�LQWHJUDO�IRU�

RSWLPLVLQJ� WKH� FRQFOXVLRQV� SURGXFHG� E\� DSSOLFDWLRQV�� )URP� D� WHFKQLFDO� SHUVSHFWLYH� WKLV�

LQFOXGHV� WKH�GDWD�KDQGOLQJ�DQG�PRGHOOLQJ�SURFHVVHV�� VXFK�DV�GDWD�ZDUHKRXVLQJ��KDQGOLQJ�RI�

PLVVLQJ�GDWD�� DQG� WKH�XVH�RI� DSSURSULDWH� DQDO\VLV�PHWKRGRORJLHV� �/LX��/L�	�=RX�� ��16��� ,Q�

DGGLWLRQ�WR�HQVXULQJ�WKH�GDWD�DUH�DFFXUDWH��LW�LV�LPSRUWDQW�WR�HQVXUH�WKH�UHVHDUFK�DSSOLFDWLRQV�DUH�

DOVR�WUDQVODWDEOH��7KLV�LQFOXGHV�WZR�PDLQ�IDFHWV��)LUVWO\��WKH�DSSOLFDWLRQV�PXVW�EH�LQWHUSUHWDEOH��

&DQ�WKH�UHVHDUFK�EH�LQWHUSUHWHG�LQ�D�SUDFWLFDO�DQG�PHDQLQJIXO�ZD\�E\�NH\�GHFLVLRQ�PDNHUV"�'R�

WKH�NH\�GHFLVLRQ�PDNHUV�IXOO\�XQGHUVWDQG�ZKDW� WKH�DSSOLFDWLRQV�DUH� LPSO\LQJ��DQG�KRZ�WKH\�

VKRXOG�EH�XVHG�WR�LPSURYH�WKHLU�GHFLVLRQ�PDNLQJ�SURFHVV"�6HFRQGO\��WKH�DSSOLFDWLRQV�PXVW�EH�

FRPSDWLEOH��$UH�WKH�ILQGLQJV�XVHIXO��DQG�FDQ�WKH\�EH�LPSOHPHQWHG�ZLWKLQ�WKH�FXUUHQW�SURFHVVHV�

RI�WKH�RUJDQLVDWLRQ"�(DFK�RI�WKHVH�DVSHFWV�LV�FULWLFDO�WR�HQVXUH�WKH�FRQFOXVLRQV�GUDZQ�E\�WKH�

GHFLVLRQ�PDNHU�DUH�QRW�PLVOHDGLQJ��+XWFKLQV����16���

,Q�WKH�IROORZLQJ�VHFWLRQ��VRPH�VSHFLILF�H[DPSOHV�DUH�RXWOLQHG�RI�KRZ�WKH�PRGHOV�SURGXFHG�LQ�

&KDSWHUV�)RXU��)LYH�DQG�6L[�FRXOG�EH�DGDSWHG�DQG�UHSURGXFHG�WR�VXSSRUW�VSHFLILF�TXHVWLRQV�WKDW�

$)/�RUJDQLVDWLRQV�IDFH��7KH�PRGHOV�RXWOLQHG�LQ�WKHVH�H[DPSOHV�KDYH�QRW�EHHQ�DGDSWHG�IURP�

WKH�RULJLQDO�VWXGLHV�WR�LQFOXGH�DGGLWLRQDO�VHDVRQV�RI�GDWD��DQG�WKXV�DUH�RQO\�VSHFLILF�WR�GDWD�IURP�

HDFK�VHSDUDWH�VWXG\��
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7.2.1 Case Study – Macro level: Paul Puopolo 

7KH� RXWFRPHV� UHDFKHG� LQ� &KDSWHU� 6L[� VXSSRUW� WKH� QRWLRQ� WKDW� RYHUDOO� SOD\HU� SHUIRUPDQFH�

HYDOXDWLRQV� VKRXOG� FRQVLGHU� ERWK� VXEMHFWLYH� DQG� REMHFWLYH� DVVHVVPHQWV� LQ� D� FRPSOHPHQWDU\�

PDQQHU�LQ�RUGHU�WR�DFFXUDWHO\�HYDOXDWH�SOD\HU�SHUIRUPDQFH��,W�LV�DOVR�UHLWHUDWHG�WKDW�KDYLQJ�DQ�

XQGHUVWDQGLQJ�RI�WKH�GLIIHUHQFHV�EHWZHHQ�VXEMHFWLYH�DQG�REMHFWLYH�HYDOXDWLRQV�LV�RI�SDUWLFXODU�

YDOXH� WR� SURIHVVLRQDO� RUJDQLVDWLRQV�� $FURVV� WKH� ��13���17� VHDVRQV�� 3DXO� 3XRSROR� ZDV�

FRQVLVWHQWO\�UDWHG�VXEVWDQWLDOO\�GLIIHUHQW�E\�VXEMHFWLYH�DQG�REMHFWLYH�SHUIRUPDQFH�HYDOXDWLRQV�

�RXWOLQHG�E\�WKH�,)35�DQG�WKH�$)/�3OD\HU�5DWLQJV�V\VWHPV���7DEOH�6�4�DQG�)LJXUH�6�7�RXWOLQH�

D�GHVFULSWLYH�DQDO\VLV�DQG�YLVXDOLVDWLRQ��UHVSHFWLYHO\��RI�WKH�SOD\HU¶V�DYHUDJH�VHDVRQ�UDWLQJV�LQ�

FRPSDULVRQ� WR� WKH� GLVWULEXWLRQ� RI� DOO� SOD\HU¶V� DYHUDJH� UDWLQJV� DFURVV� WKH� ��13���17� $)/�

VHDVRQV��6SHFLILFDOO\��LW�RXWOLQHV�WKDW�WKH�SOD\HU�ZDV�UDWHG�FRQVLGHUDEO\�KLJKHU�E\�WKH�REMHFWLYH�

UDWLQJV�V\VWHP��LQ�FRPSDULVRQ�WR�WKDW�RI�WKH�VXEMHFWLYH�V\VWHP���

7KLV�H[DPSOH�ZDV�FKRVHQ�DV�LW�LV�UHSUHVHQWDWLYH�RI�LQVWDQFHV�WKDW�RFFXU�ERWK�ZLWKLQ�SURIHVVLRQDO�

$)��DQG�RWKHU�WHDP�EDVHG�VSRUWV��,W�DOVR�UHLWHUDWHV�ZK\�RYHUDOO�SOD\HU�SHUIRUPDQFH�HYDOXDWLRQV�

VKRXOG�FRQVLGHU�ERWK�VXEMHFWLYH�DQG�REMHFWLYH�DVVHVVPHQWV�LQ�D�FRPSOHPHQWDU\�PDQQHU��7KHVH�

W\SHV�RI�LQFRQVLVWHQFLHV�VKRXOG�EH�RI�SDUWLFXODU�LQWHUHVW�WR�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV��

DQG�VKRXOG�UDLVH�YDULRXV�TXHVWLRQV��6SHFLILFDOO\��GRHV�WKH�VXEMHFWLYH�UDWHU�V�KDYH�D�ELDV�DJDLQVW�

D�SDUWLFXODU�SOD\HU"�2QH�ZD\�WR�JHW�DQ�LQGLFDWLRQ�RI�WKLV�ZRXOG�EH�WR�XWLOLVH�WKH�H[SODQDWRU\�

PRGHO�RXWOLQHG�LQ�VWXG\�IRXU��&KDSWHU�6L[��WR�LGHQWLI\�ZKHWKHU�WKH�SOD\HU¶V�SHUIRUPDQFHV�GLIIHU�

VRPHZKDW�WR�ZKDW�ZRXOG�EH�H[SHFWHG�IRU�RWKHU�*HQHUDO�)RUZDUGV��8VLQJ�WKH�FODVVLILFDWLRQ�WUHH�

PRGHO�VSHFLILF�WR�*HQHUDO�)RUZDUGV��$SSHQGL[�&�����WKH�SOD\HU¶V�PRGHO�H[SHFWHG�,)35�FDQ�EH�

RXWOLQHG�IURP�WKHLU�PDWFK�SHUIRUPDQFH�LQGLFDWRUV��$V�WKH�PRGHO�ZDV�WUDLQHG�RQ�WKH�GDWD�IURP�

WKH���13���16�VHDVRQV�� WKH���17�VHDVRQ�ZDV�XVHG� LQ� WKLV�H[DPSOH�DV� LW�ZDV�DSSURSULDWH�IRU�
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WHVWLQJ��7DEOH�7�1�RXWOLQHV�ERWK�WKH�DFWXDO�DQG�PRGHO�H[SHFWHG�UDWLQJV�DFURVV�WKH���17�VHDVRQ��

DQG�LQGLFDWHV�WKDW�DFURVV�WKH�VHDVRQ�WKH�SOD\HU�ZDV�UDWHG�IRXU�OHVV�SRLQWV�WKDQ�H[SHFWHG��ZKLFK�

ZRXOG�UDLVH�WKHLU�VHDVRQ�DYHUDJH�,)35�IURP�4�13�WR�4�4���IURP����6�6'�EHORZ�WKHP�PHDQ��WR�

��34�6'�EHORZ�WKHP�PHDQ���7KLV�DJUHHPHQW�EHWZHHQ�WKH�DFWXDO�DQG�PRGHO�H[SHFWHG�UDWLQJV�

LQGLFDWHV�WKDW�DORQH�LW�LV�XQOLNHO\�WKH�UDWHU�V�ZHUH�RYHUO\�ELDVHG�ZLWK�UHVSHFW�WR�WKH�SOD\HU��

Table 7.1 Actual and model-expected Inside Football Player Ratings across the 2017 

season. 

5RXQG� $FWXDO�,)35�
0RGHO�

H[SHFWHG�,)35�
'LIIHUHQWLDO�

1� 6� �� �1�

�� 6� 6� ��

3� 1� 3� ��

4� �� �� ��

�� 6� 6� ��

6� 3� 3� ��

7� �� 3� 1�

8� 4� 6� ��

9� 6� 6� ��

1�� 4� 4� ��

11� 1� 3� ��

1�� 3� 3� ��

14� 6� �� �1�

��� �� 4� �1�

�3� 7� 7� ��

7RWDO� 6�� 66� 4�
�

6RPH�VHFRQGDU\�TXHVWLRQV�WR�WKLV�LQFRQVLVWHQF\�ZRXOG�EH��GRHV�WKH�SOD\HU¶V�UROH�DFWXDOO\�PRVW�

UHVHPEOH� WKDW� RI� D� *HQHUDO� )RUZDUG"� ,I� VR�� LV� WKLV� GLVFUHSDQF\� VHHQ� ZLWK� RWKHU� *HQHUDO�
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)RUZDUGV"�'RHV�WKH�$)/�3OD\HU�5DWLQJV�W\SLFDOO\�RYHU�UDWH�*HQHUDO�)RUZDUGV"�$OWHUQDWLYHO\��

GRHV�GR� WKH� UDWHU�V� RI� WKH� ,)35� W\SLFDOO\� XQGHU�UDWH� *HQHUDO� )RUZDUGV"� %\� XWLOLVLQJ� WKH�

SHUIRUPDQFH�SURILOHV�RXWOLQHG�LQ�&KDSWHU�)RXU�RI�WKLV�WKHVLV��DQG�WKH�PRGHO�SUHVHQWHG�LQ�)LJXUH�

4����ZH�FDQ�FRQILUP��RQO\�IRU�WKH���16�VHDVRQ��WKDW�WKH�SOD\HU¶V�UROH�LV�PRVW�VLPLODU�WR�WKDW�RI�

D�*HQHUDO�)RUZDUG��$V� VXFK��)LJXUH�7�1� DJDLQ�RXWOLQHV� WKH� SOD\HU¶V� DYHUDJH� VHDVRQ� UDWLQJV��

KRZHYHU�� QRZ� LQGLFDWHV� WKH� PHDQ� �� RQH� VWDQGDUG� GHYLDWLRQ� IRU� DOO� *HQHUDO� )RUZDUGV� �DV�

RSSRVHG�WR�DOO�SOD\HU���7KLV�YLVXDO�RXWOLQHV�WKDW�*HQHUDO�)RUZDUGV�DUH�RQ�DYHUDJH�UDWHG�ORZHU�

E\�WKH�,)35��LQ�FRPSDULVRQ�WR�WKDW�RI�WKH�GLVWULEXWLRQ�IRU�DOO�SRVLWLRQV���

7KRXJK� WKLV�PD\� VRPHZKDW� DFFRXQW� IRU� WKH� GLVFUHSDQF\� VHHQ�� HDFK�RI� WKH� DERYHPHQWLRQHG�

PRGHOV�LQGLFDWH�WKDW�WKH�SOD\HU�PD\�EH�XQGHUYDOXHG�VXEMHFWLYHO\��DQG�FRXOG�K\SRWKHWLFDOO\�EH�

D�YDOXH�UHFUXLW��)XUWKHU�PRGHOV�RXWOLQHG�LQ�WKLV�WKHVHV�FRXOG�WKHQ�EH�DSSOLHG�WR�JHW�DQ�DGGLWLRQDO�

REMHFWLYH�SHUVSHFWLYH�RQ�WKH�SOD\HUV�SHUIRUPDQFH��DQG�WR�LGHQWLI\�RWKHU�SOD\HUV�PRVW�VLPLODU�WR�

WKDW�RI�WKH�SOD\HU��LQ�WKH�FDVH�KH�LV�XQDWWDLQDEOH�IRU�UHFUXLWPHQW���

)LJXUHV�7��$�DQG�7��%�XWLOLVH� HDFK�RI� WKH�PRGHOV�RXWOLQHG� LQ�&KDSWHU�)LYH� WR�YLVXDOLVH� WKH�

SOD\HU¶V�DFWXDO�SDVW�SHUIRUPDQFH�DQG�IXWXUH�SOD\HU�VSHFLILF�H[SHFWHG�SHUIRUPDQFH��DV�FRPSDUHG�

WR� WKHLU� IL[HG� HIIHFW� HVWLPDWH� RI� SHUIRUPDQFH�� ZLWK� UHVSHFW� WR� WKHLU� DJH� DQG� H[SHULHQFH��

UHVSHFWLYHO\��7KH�EODFN� OLQHV� UHSUHVHQW� DFWXDO�SHUIRUPDQFH� IURP���14� WR���17�DQG� WKHQ� WKH�

SOD\HU�VSHFLILF�H[SHFWDWLRQ���9���3,��RI�SHUIRUPDQFH�IURP���18�WR����1��5HG�EOXH�ULEERQV�

UHSUHVHQW� IL[HG� HIIHFWV� HVWLPDWHV� EDVHG� RQ� FKDUDFWHULVWLFV� RI� VDPH� SOD\HU�� 7KLV� DSSOLFDWLRQ�

LQGLFDWHV�WKDW�WKH�SOD\HU¶V�SHUIRUPDQFH�KDV�EHHQ�DERYH�WKH�EHQFKPDUN�OHYHO�RI�SHUIRUPDQFH��

EXW�ZLWKLQ�WKH�9���3,�FRQVLVWHQWO\�DFURVV�WKH���14���17�VHDVRQV��ZLWK�UHVSHFW�WR�ERWK�PRGHOV��

,W�DOVR�LQGLFDWHV�WKDW�WKH�SOD\HU¶V�SHUIRUPDQFH�LV�H[SHFWHG�WR�UHPDLQ�IDLUO\�FRQVLVWHQW�DFURVV�WKH�

IRXU�IRUHFDVWHG�VHDVRQV�LQ�ERWK�PRGHOV��

� �
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Figure 7.2  Benchmark levels of AFL Player Ratings for Paul Puopolo using (A) the 

age linear mixed model, and (B) the experience linear mixed model.�

�

)XUWKHU��)LJXUH�7�3�RXWOLQHV�WKH�QHWZRUN�SORW�DSSOLFDWLRQ�RXWOLQHG�LQ�&KDSWHU�)RXU��DOORZLQJ�IRU�

D�YLVXDO� UHSUHVHQWDWLRQ�RI� WKH� LQFOXVLRQ�RI�3DXO�3XRSROR�ZLWKLQ� WKH�:HVWHUQ�%XOOGRJV� WHDP�

QHWZRUN��IRU�WKH���16�VHDVRQ���(DFK�SOD\HU�LV�FRQQHFWHG�ZLWK�WKHLU�WKUHH�PRVW�VLPLODU�SOD\HUV�

LQ�WKH�VTXDG��DV�GHWHUPLQHG�E\�WKH�(XFOLGHDQ�GLVWDQFHV��3OD\HUV�DUH�FRORXUHG�EDVHG�RQ�WKHLU�UROH�

FODVVLILFDWLRQ�� DQG� EXEEOH� VL]H� LV� D�PHDVXUH� RI� HDFK� SOD\HU¶V� DYHUDJH� DEVROXWH�$)/�3OD\HU�

5DWLQJ��7KH�SOD\HU�RI�LQWHUHVW�LV�KLJKOLJKWHG�ZLWK�D�ODUJHU�EODFN�RXWOLQH��7KLV�YLVXDO�SURYLGHV�D�

FOHDU�LQGLFDWLRQ�RI�WKH�SOD\HU¶V�VLPLODULW\�RI�WKDW�WR�RWKHU�SOD\HUV�ZLWKLQ�WKH�WHDP��DQG�FRXOG�

SURYLGH� VXSSRUW� IRU� NH\� GHFLVLRQ�PDNHUV� �L�H��� FRDFKHV� DQG� WHDP� VFRXWV�� DV� WR�ZKHWKHU� WKH�

LQFOXVLRQ�RI�WKH�SOD\HU�ZLWKLQ�WKH�VTXDG�ZRXOG�EH�EHQHILFLDO��6SHFLILFDOO\��LW�PD\�KLJKOLJKW�WKDW�

WKH�SOD\HU¶V�UROH�KDV�WKH�SRWHQWLDO�WR�ILOO�D�VSHFLILF�JDS�ZKLFK�H[LVWV��RU�KDV�DULVHQ�RQ�WKH�FOXEV�

SOD\LQJ� OLVW� �L�H��� LQ� WKH�FDVH�RI� UHWLULQJ�SOD\HUV��RU� ORQJ� WHUP� LQMXULHV���&RQYHUVHO\�� LW�FRXOG�
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LQGLFDWH�WKDW�WKH�FOXE�DOUHDG\�KDV�VLPLODU�VXLWDEOH�SOD\HUV�ZLWKLQ�WKHLU�OLVW��HPSKDVLVLQJ�WKDW�WKH�

LQFOXVLRQ�RI�WKLV�SOD\HU�PD\�SRWHQWLDOO\�QRW�EH�WKH�EHVW�ILW��RU�PRVW�SUHVVLQJ�QHHG��IRU�WKH�FOXE��

)XUWKHUPRUH��LQ�WKH�LQVWDQFH�ZKHUH�WKH�SOD\HU�LV�D�GHVLUHG�UHFUXLW��EXW�LV�XQDWWDLQDEOH��7DEOH�7���

RXWOLQHV�WKH�SOD\HUV�PRVW�VLPLODU��GXULQJ�WKH���16�VHDVRQ���XVLQJ�WKH�SOD\HU�VLPLODULW\�PRGHO�

RXWOLQHG�LQ�&KDSWHU�)RXU��

�

�

Figure 7.3  Network plot of the Western Bulldogs squad for the 2016 season, with the 

inclusion of Paul Puopolo.�

�
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Table 7.2 Dissimilarity measures of individuals with the five most similar playing 

roles to that of Paul Puopolo (General Forward, Hawthorn), during the 

2016 AFL season. 

'LVVLPLODULW\� 1DPH� 3OD\HU�5ROH� &OXE�

���848� +D\GHQ�%DOODQW\QH� *HQ�)ZG� )UHPDQWOH�

���88�� /XNH�%UHXVW� *HQ�)ZG� +DZWKRUQ�

���983� &KDG�:LQJDUG� *HQ�)ZG� 3RUW�$GHODLGH�

��1�19� 7RE\�*UHHQH� *HQ�)ZG� *:6�*LDQWV�

��1�37� 0LFKDHO�:DOWHUV� *HQ�)ZG� )UHPDQWOH�
�

7.2.2 Case Study – Micro level: Western Bulldogs (Round 19 2016) 

,Q�5RXQG�19����16��WKH�:HVWHUQ�%XOOGRJV�)RRWEDOO�&OXE�ZHUH�UHTXLUHG�WR�UHSODFH�ILYH�SOD\HUV�

ZKR�ZHUH�LQMXUHG�GXULQJ�WKH�SUHYLRXV�ZHHN��,Q�DGGLWLRQ��WKH\�DOUHDG\�KDG�D�IXUWKHU�WKUHH�SOD\HUV�

XQDYDLODEOH�GXH�WR�SUHYLRXV�LQMXULHV��)LJXUHV�7�4$�DQG�7�4%�RXWOLQH�WKH�QHWZRUN�SORW�DSSOLFDWLRQ�

SURGXFHG�LQ�&KDSWHU�)RXU��ZKLFK�KDV�EHHQ�DGMXVWHG�WR�UHSUHVHQW�WKH�:HVWHUQ�%XOOGRJV�VTXDG�

DV�DW�5RXQG�19��(DFK�SOD\HU�LV�OLQNHG�WR�WKHLU�WKUHH�PRVW�VLPLODU�SOD\HUV��DQG�WKH�EXEEOH�VL]H�LV�

UHSUHVHQWDWLYH�RI�WKH�DYHUDJH�$)/�3OD\HU�5DWLQJV�WKURXJKRXW�WKH�VHDVRQ�WR�WKDW�SRLQW��,Q�)LJXUH�

7�4$��WKH�FRORXU�LV�UHSUHVHQWDWLYH�RI�WKHLU�SRVLWLRQDO�UROH�DV�GHWHUPLQHG�LQ�WKH�VXSHUYLVHG�PRGHO�

RI�&KDSWHU�)RXU��,Q�)LJXUH�7�4%��WKH�FRORXU�LV�UHSUHVHQWDWLYH�RI�HDFK�SOD\HUV�SOD\LQJ�VWDWXV�SULRU�

WR� WKH� PDWFK�� $V� VXFK�� WKLV� DSSOLFDWLRQ� SURYLGHV� EDVLF� YLVXDO� VXSSRUW� IRU� GHFLVLRQ� PDNHUV�

WKURXJK�D�TXDQWLWDWLYH� UHFRPPHQGDWLRQ� UHJDUGLQJ� WKH� VLPLODULW\�RI�SOD\HUV�ZLWKLQ� WKH� WHDP��

6SHFLILFDOO\��WKLV�DSSOLFDWLRQ�SRVHV�YDULRXV�OHYHOV�RI�LQIRUPDWLRQ�IRU�WHDP�VHOHFWRUV�WR�VXSSRUW�

WKHLU� GHFLVLRQV�� LQFOXGLQJ� SRVLWLRQDO� UROH�� SOD\HU� VLPLODULW\� DQG� D�PHDVXUH� RI� SOD\HU� TXDOLW\�

�VHDVRQDO�DYHUDJH�$)/�3OD\HU�5DWLQJ���)RU�H[DPSOH��WKHLU�WKRXJKW�SURFHVV�PD\�EH�WR�UHSODFH�

.H\� )RUZDUG� -DFN� 5HGSDWK� ZLWK� WKH� RQO\� RWKHU� DOWHUQDWLYH� .H\� )RUZDUG� =DLQH� &RUG\��
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+RZHYHU�� WKLV� VXSSRUW� DSSOLFDWLRQ�PD\� HYRNH� WKH� QRWLRQ� RI� EULQJLQJ� LQ� -DNH� 6WULQJHU� DV� D�

VXLWDEOH�UHSODFHPHQW��DV�KH�LV�RQH�RI�-DFN�5HGSDWK¶V�WKUHH�PRVW�VLPLODU�SOD\HUV��DQG�KDV�VKRZQ�

WR�KDYH�D�KLJKHU�DYHUDJH�SHUIRUPDQFH�UDWLQJ�DFURVV�WKH�ILUVW�18�URXQGV�RI�WKH�VHDVRQ��

��

7.3 Future Directions�

7KHUH�DUH�YDULRXV�DUHDV�UHODWLQJ�WR�PRGHOOLQJ�REMHFWLYH�SOD\HU�SHUIRUPDQFH�GDWD�LQ�$)�ZKLFK�

VKRXOG�EH�DGGUHVVHG�LQ�IXWXUH�ZRUN��6SHFLILFDOO\��WKH�$)/�3OD\HU�5DWLQJV�PHWULF��DV�ZHOO�DV�

RWKHU� QHZ� DQG� H[LVWLQJ� REMHFWLYH� SOD\HU� SHUIRUPDQFH� UDWLQJ� PHWULFV� VKRXOG� FRQWLQXH� WR� EH�

UHILQHG� IRU� XVH� DV� TXDQWLWDWLYH�PHDVXUHV� RI� SOD\HU� SHUIRUPDQFH� LQ�$)��$V� DQ� H[DPSOH�� WKH�

FXUUHQW� $)/� 3OD\HU� 5DWLQJV� PHWULF� �DQG� DOO� RWKHU� REMHFWLYH� SOD\HU� SHUIRUPDQFH� PRGHOV�

FXUUHQWO\� SURGXFHG� ZLWKLQ� WKH� $)/�� GRHV� QRW� FXUUHQWO\� FRQVLGHU� WKH� ILHOG� ORFDWLRQV� RI�

WHDPPDWHV�DQG�RSSRQHQWV��$V�VXFK��WKH�FXUUHQW�PHWULFV��DV�ZHOO�DV�QHZ�PHWULFV�VKRXOG�ORRN�WR�

LQFOXGH� IXUWKHU�SRVLWLRQLQJ�G\QDPLFV�� VLPLODU� WR� WKDW� LQ�RWKHU� WHDP�VSRUWV� �*RQoDOYHV�HW�DO���

��17�� 0HPPHUW� HW� DO��� ��17��� $V� DGGLWLRQDO� SDUDPHWHUV� EHFRPH� IDFWRUHG� LQWR� SOD\HU�

SHUIRUPDQFH�UDWLQJ�PHWULFV�LQ�$)��VWXGLHV�VKRXOG�ORRN�WR�IRFXV�RQ�WKH�FRQWLQXDO�GHYHORSPHQW�

RI�GHFLVLRQ�VXSSRUW�V\VWHPV�WR�LPSURYH�RXU�RYHUDOO�XQGHUVWDQGLQJ�RI�SOD\HU�SHUIRUPDQFH�DQG�

YDOXH��WR�DVVLVW�ZLWK�RUJDQLVDWLRQDO�GHFLVLRQ�PDNLQJ��)XUWKHU�WR�WKLV��WKH�DSSOLFDWLRQV�RXWOLQHG�IURP�

WKH�REMHFWLYH�SOD\HU�SHUIRUPDQFH�GDWD�DV�SDUW�RI�WKLV�WKHVLV��FRXOG�EH�DGDSWHG�WR�XVH�IRU�DGGLWLRQDO�WDFWLFDO�
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$QRWKHU�DUHD�IRU�IXWXUH�UHVHDUFK�VKRXOG�LQFOXGH�FRPSUHKHQVLYH�EDFN�WHVWLQJ�DQG�HYDOXDWLRQV�RI�

RUJDQLVDWLRQDO� GHFLVLRQV� WR� DVVHVV� FXUUHQW� GHFLVLRQ�PDNLQJ� SURFHVVHV�� DQG� WR� GHWHUPLQH� WKH�

H[WHQW�WR�ZKLFK�GHFLVLRQV�VXSSRUWHG�E\�REMHFWLYH�PRGHOV�RXWSHUIRUP�GHFLVLRQV�PDGH�PHUHO\�E\�

VXEMHFWLYH�FRQVLGHUDWLRQV��,Q�RUGHU�WR�WHVW�WKH�JHQHUDOLVDELOLW\�RI�WKH�PRGHOV�SURSRVHG�LQ�WKLV�

WKHVLV��DQ�H[WHUQDO�YDOLGDWLRQ�FRXOG�UHYLVLW�WKH�PHWKRGRORJLHV�ZLWK�VXEVHTXHQW�VHDVRQV�RI�GDWD�

WR�DVVHVV�ZKHWKHU�ORQJLWXGLQDO�YDULDWLRQV�H[LVW��$GGLWLRQDOO\��IRU�WHDP�VSRUW�GHFLVLRQV�PDNLQJ�

WDVNV� ZKLFK� KDYH� GHILQHG� RXWFRPH� UHVSRQVHV�� RQJRLQJ�ZRUN� VKRXOG� EH� FRQGXFWHG� LQWR� WKH�

GHYHORSPHQW� RI� VHOI�YDOLGDWLQJ� GHFLVLRQ� VXSSRUW� V\VWHPV� DOORZLQJ� WKH� LPSOHPHQWDWLRQ� RI�

V\VWHPV�WR�EHFRPH�D�IRUPDOLVHG�SURFHVV�ZLWKLQ�SURIHVVLRQDO�VSRUWLQJ�RUJDQLVDWLRQV���

�

7.4 Conclusions�

7KH�VSHFLILF�FRQFOXVLRQV�RI�WKLV�WKHVLV�DUH��

1� 7KH�FRQVWUXFW�YDOLGLW\�RI�WKH�$)/�3OD\HU�5DWLQJV�V\VWHP�LV�VWURQJ��7KLV�LQGLFDWHV�WKDW�

LW�LV�DQ�DSSURSULDWH�TXDQWLWDWLYH�PHDVXUH�RI�SOD\HU�SHUIRUPDQFH�IRU�FUHDWLQJ�REMHFWLYH�

GHFLVLRQ�VXSSRUW�DSSOLFDWLRQV�IRU�XVH�ZLWKLQ�SURIHVVLRQDO�$)/�RUJDQLVDWLRQV��

�� 3OD\HU� SHUIRUPDQFH� SURILOHV� RXWOLQHG� E\� WKH� UHODWLYH� SURSRUWLRQV� RI� UDWLQJ� SRLQWV�

DFTXLUHG�IURP�HDFK�RI� WKH�$)/�3OD\HU�5DWLQJ�FDWHJRULHV�FDQ�DFFXUDWHO\�VXPPDULVH�

LQGLYLGXDO�SOD\HU�UROHV�DV�ZHOO�DV�VLPLODULW\�WR�RWKHU�SOD\HUV�ZLWKLQ�WKH�$)/��

3� $Q�LQGLYLGXDO¶V�DJH��OHYHO�RI�PDWFK�H[SHULHQFH��SRVLWLRQDO�UROH�FODVVLILFDWLRQ�DQG�WKH�

FKDUDFWHULVWLFV�RI�WKH�GUDIW�LQ�ZKLFK�WKH\�ZHUH�ILUVW�VHOHFWHG�E\�DQ�$)/�FOXE�DUH�DOO�

LPSRUWDQW�IDFWRUV�WR�DFFRXQW�IRU�ZKHQ�DVVHVVLQJ�DQG�SUHGLFWLQJ�SDVW�DQG�IXWXUH�SOD\HU�

SHUIRUPDQFHV��UHVSHFWLYHO\��
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4� $VVHVVLQJ�SOD\HU�SHUIRUPDQFH�IRU�LQGLYLGXDOV�ZLWK�OLPLWHG�PDWFK�RSSRUWXQLWLHV�DW�WKH�

$)/�OHYHO�PLJKW�EHWWHU�EH�UHSUHVHQWHG�ORQJLWXGLQDOO\�E\�PDWFKHV�SOD\HG��UDWKHU�WKDQ�

DJH��ZKLFK�LV�WUDGLWLRQDOO\�XVHG�LQ�WHDP�VSRUW���

�� :KHUH� SRVVLEOH�� SOD\HU� SHUIRUPDQFH� HYDOXDWLRQV� LQ� SURIHVVLRQDO� VSRUWLQJ�

RUJDQLVDWLRQV� VKRXOG� FRQVLGHU� ERWK� VXEMHFWLYH� DQG� REMHFWLYH� DVVHVVPHQWV� LQ� D�

FRPSOHPHQWDU\�PDQQHU�WR�PRVW�DFFXUDWHO\�HYDOXDWH�SOD\HU�SHUIRUPDQFH��

6� )XWXUH�ZRUN�VKRXOG�IRFXV�RQ�WKH�GHYHORSPHQW�RI�REMHFWLYH�GHFLVLRQ�VXSSRUW�V\VWHPV�

WR� SURYLGH� XQELDVHG� VXSSRUW� IRU� GHFLVLRQ�PDNLQJ� WDVN�ZLWKLQ� SURIHVVLRQDO� VSRUWLQJ�

RUJDQLVDWLRQV� �
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APPENDIX B – STUDY THREE SUPPLEMENTARY FIGURES 

Appendix B.1  Descriptions of the seven positional roles used in this study. 

Positional Roles Description 

General Defender Plays a role on opposition small-medium forwards and usually 
helps create play from the backline 

Key Defender Plays on opposition key forwards with the primary role of 
nullifying his opponent 

General Forward Plays predominantly in the forward half of the ground but with 
more freedom than a key forward 

Key Forward Plays predominantly as a tall marking target in the forward line 

Midfielder Spends the majority of time playing on the ball or on the wing 

Midfielder-Forward Splits time equally between the forward line and the midfield. 
Often lines up on the half-forward flank but plays a significant 
amount of time in the midfield 

Ruck Has the primary role of competing for hit-outs at a stoppage 
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APPENDIX C – STUDY FOUR SUPPLEMENTARY FIGURES 
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