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Original article 
Abstract 
 
The aim of research was to analysis development and age structure of male and female 
participants at the Olympic Games (OG) and World Championships (WC) from 2003 until 
2016. The total number of analyzed WC participants in men's artistic gymnastics (MAG) was 
2678 and the women's artistic gymnastics (WAG) was 1981; while at the OG in MAG 391 and 
in WAG 389. In the last 15 years, there has been identified linear and second-order 
polynomial-regression increase in the age structure of participants in MAG and WAG in the 
largest world competitions. In analyzed period of time, MAG and WAG age of gymnasts 
increased. The male gymnasts from 2003 to 2016 are on average older for 2.3 years and 
female gymnasts for 3.3 years. In the upcoming period, we do expect (with apparatus 
specialization) that age will rise. 
 
Keywords: artistic gymnastics, Code of Points, development, men, women.
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&KURQRORJLFDO� DJH� UHIHUV� WR� WKH�

QXPEHU� RI� \HDUV� DQG� GD\V� HODSVHG� VLQFH�
ELUWK��6XFFHVV�LQ�J\PQDVWLFV�LV�WKH�UHVXOW�RI�
PDQ\� \HDUV� RI� H[WHQVLYH� SODQQLQJ� DQG�
SUHSDUDWLRQ�E\�FRDFKHV��FOXEV��SDUHQWV�DQG�
RWKHU� VXSSRUWLQJ� SDUWQHUV�� /RQJ� WHUP�
GHYHORSPHQW� DSSOLHV� WR� DOO� OHYHOV� RI�
SDUWLFLSDQWV� DQG� LQ� DOO� J\PQDVWLFV�
GLVFLSOLQHV�� 6FLHQWLILF� UHVHDUFK� �'UDELN��
������ 5RVW� 	� 6FKRQ�� ������ +RIPDQQ��
������ %RPSD�� ������ $UNDHY� 	� 6XFKLOLQ��
������ %DO\L� HW� DO��� ������ 0DOLQD�� ������
)LQN�	�+RIPDQQ��������)LQN��+RIPDQQ��	�
2UWL]� /RSH]�� ������ KDV� FRQFOXGHG� WKDW� LW�
WDNHV�D�PLQLPXP�RI�WHQ�\HDUV����������

�
�
�
�

KRXUV� RI� GHOLEHUDWH� WUDLQLQJ� IRU� D� WDOHQWHG�
DWKOHWH�WR�UHDFK�HOLWH�OHYHOV��7KLV�WUDQVODWHV�
LQWR� DQ� DYHUDJH� RI� PRUH� WKDQ� �� KRXUV� RI�
WUDLQLQJ� GDLO\� IRU� ��� \HDUV�� 7KHUH� DUH� QR�
VKRUWFXWV�� DWKOHWH� GHYHORSPHQW� LV� D� ORQJ�
WHUP�SURFHVV���

$UWLVWLF�*\PQDVWLFV� LQ� WKH� ����V� DQG�
����V�� WKH� VHQLRU� FRPSHWLWLRQ� ZDV�
GRPLQDWHG� E\� DWKOHWHV� LQ� WKHLU� PLG�WR�ODWH�
WZHQWLHV��$W�WKH�WLPH��WKH�³&RGH�RI�3RLQWV´�
DLPHG� PRUH� RQ� DUWLVWU\� DQG� ZDV� ODUJHO\�
LQVSLUHG� E\� EDOOHW�� $V� D� UHVXOW�� PRUH�
VHDVRQHG� J\PQDVWV� IRXQG� VXFFHVV� LQ� WKH�
VSRUW� E\� EULQJLQJ� HOHJDQFH� WR� WKHLU�
URXWLQHV��8S� XQWLO� ����� WKH�PLQLPXP� DJH�
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IRU� SDUWLFLSDWLQJ� LQ� VHQLRU� FRPSHWLWLRQV�
ZDV� ��� \HDUV� RI� DJH�� ,Q� ������ J\PQDVWV�
ZHUH� UHTXLUHG� WR� WXUQ� DW� OHDVW� ��� \HDUV� RI�
DJH� LQ� WKH� FDOHQGDU� \HDU� WR� FRPSHWH� LQ�
VHQLRU�OHYHO� HYHQWV�� 6LQFH� ������ WKH�
)pGpUDWLRQ� ,QWHUQDWLR�QDOH� GH�
*\PQDVWLTXH�� WKH� J\PQDVWV� KDG� WR� EH� DW�
OHDVW� ��� \HDUV� ROG� RU� WR� EH� WXUQLQJ� ���
ZLWKLQ� WKH� FDOHQGDU� \HDU� LQ� RUGHU� WR� WDNH�
SDUW�LQ�WKH�FRPSHWLWLRQ�DV�VHQLRUV��7KH�DJH�
OLPLW� IRU� SDUWLFLSDWLRQ� DW� D� ZRUOG�
FKDPSLRQVKLS�KDV�EHHQ�PRYHG�XS��7RGD\��
WKH�OLPLW�VLWV�DW����IRU�0$*�DQG����IRU�WKH�
:$*��6DQGV�HW�DO���������*URVVIHOG��������
),*�7HFKQLFDO�5HJXODWLRQV�������$UW�������
3J�������

+RZHYHU�� WKH� DJH� OLPLWDWLRQV� ZHUH�
LQWURGXFHG�WR�J\PQDVWLFV�IRU��SK\VLRORJLFDO�
UHDVRQV�� SURWHFWLQJ� FKLOGUHQ� IURP� KDUPIXO�
H[SRVXUH�� WLPH� WUDLQLQJ�� HDUO\� JURZWK��
JURZWK�RI�ERG\�VHJPHQWV��SXEHUWDO�JURZWK�
DQG� PDWXUDWLRQ�� VH[� FKDUDFWHULVWLFV��
PHQDUFKH�� QXWULWLRQDO� VWDWXV�� ZHLJKW�IRU�
KHLJKW�� J\PQDVWLFV� WUDLQLQJ� HQYLURQPHQW��
IDPLOLDO� IDFWRUV�� 7KHUH� LV� DOVR� WKH� FRQFHUQ�
WKDW� LPSRVHG� WUDLQLQJ� OLPLWV� FRXOG� OHDG� WR�
PRUH�LQMXULHV��$QGHUVRQ��������3DXO��������
6DQGV�HW�DO����������

5HVHDUFK� RQ� DJH� LQ� WLPHOLQH� IURP�
�����XQWLO������ZHUH�FRQGXFWHG�E\�5R]LQ�
	�ýHEXUDHY��������DQG�VKRZHG�DJH�RI�WRS�
PDOH� J\PQDVWV� DW� WKH� 2O\PSLF� *DPHV�
>2*������ �0 ������ 6' ������ 2*������
�0 ������ 6'� ������ 2*������ �0 ������
6' ������ 2*����� �0 ������ 6' ������
2*������ �0 ������ 6' ����@�� 0LQLPXP�
DJH� IRU�0$*� SDUWLFLSDQWV�ZDV� ����� \HDUV�
DW� WKH�:&����� DQG� URVH� WR� ����� \HDUV� DW�
WKH������:&��7KH�DJH�RI�PHQ�KDYH�VLQFH�
LQFUHDVHG�� ����� �:&������� �����
�:&������� ����� �2*������� DQG� �����
�2*������\HDUV��0DOLQD�HW�DO����������7KH�
GHPDQGV� RI� WKH�2O\PSLF� J\PQDVWLFV� KDYH�
FRQWLQXHG� WR� HVFDODWH�� DQG� FXUUHQWO\�� D�
OLJKW�� SRZHUIXO�� DQG� XVXDOO\�� SHWLWH� DWKOHWH�
LV�RSWLPDO��$UNDHY�	�6XFKLOLQ����������

$XWKRUV� �6DQGV� HW� DO��� ������ VWDWH� LQ�
WKH� FRQFOXVLRQ�� WKDW� WKH� 86� :RPHQ�
2O\PSLF� J\PQDVWV� ZHUH� JHWWLQJ�
DSSUR[LPDWHO\� VPDOOHU� WKURXJK� WKH� ����V�

DQG� HDUO\� ����V�� 6LQFH� WKHQ�� WKH� VL]H� RI�
WKHVH� J\PQDVWV� KDV� LQFUHDVHG�� 7KH�
PLQLPXP�DJH�UXOH�PRGLILFDWLRQV�PD\�KDYH�
SOD\HG� D� UROH� LQ� WKH� DWKOHWH� VL]H� FKDQJHV�
DORQJ�ZLWK�D�VKLIW�IURP�WKH�QHDU�GRPLQDQFH�
RI� WKH� IRUPHU� FRPPXQLVW� (DVWHUQ� %ORF�
�6DQGV�HW�DO�����������

,Q�WKLV�UHVHDUFK��$QGUHHY��������WU\�WR�
DQDO\]H� GLIIHUHQW� DJH� DVSHFWV� RI� ���� HOLWH�
PDOH�J\PQDVWV��2O\PSLF�PHGDO�KROGHUV�IRU�
WKH� WLPH�SHULRG������±�������7KH�DYHUDJH�
VWDUWLQJ� DJH� WR� SUDFWLFH� DUWLVWLF� PDOH�
J\PQDVWLFV�LV�GURSSLQJ�PRUH�WKDQ��������
WR�����IURP�WKH�EHJLQQLQJ�WR�WKH�HQG�RI�WKH�
UHVHDUFKLQJ� WLPH� SHULRG� ����������� 7KH�
DYHUDJH� UHWLUHPHQW�DJH�DOVR�KDV�D� WUHQG�RI�
GHFUHDVLQJ� IURP� WKH� DJH� RI� ��� WR� ����� RU�
QHDUO\� ��� \HDUV�� 7KH� DYHUDJH� 2O\PSLF�
PHGDO� DJH� LV� UHMXYHQDWLQJ� IURP� ��� LQ�
5RPH¶��� WR� WKH�DJH�RI������ LQ�/RQGRQ¶���
DQG� WKH�³JROGHQ´�DJH� WR�HDUQ� WKH�2O\PSLF�
PHGDO� LQ� PDOH� DUWLVWLF� J\PQDVWLFV� LV� ����
7KH� ULQJV� DUH� WKH� ³ROGHVW´� DSSDUDWXV� ZLWK�
DQ� DYHUDJH� DJH� RI� ����� IRU�PHGDOOLVWV� DQG�
WKH�IORRU�H[HUFLVH�LV�WKH�³\RXQJHVW´±�����

$WLNRYLü�� 'HODã� .DOLQVNL� DQG�
6PDMORYLü� ������� LQ� WKLV� VWXG\� LW� ZDV�
LQYHVWLJDWH� WKH� KLVWRULFDO� DQDO\VLV� RI� WKH�
FKURQRORJLFDO� DJH� WUHQG� RI� DOO� SDUWLFLSDQWV�
RI�PHQ¶V�DUWLVWLF�J\PQDVWLFV�ZKR�KDYH�ZRQ�
PHGDOV� LQ� WKH� SHULRG� EHWZHHQ� ����� DQG�
�����KDV�EHHQ�PDGH��7KH�ROGHVW�J\PQDVWV�
DUH� RQ� WKH� 5LQJV� ZLWK� DQ� DYHUDJH� DJH� RQ�
�2*��0� ��������6'� �������DQG��:&��0�
 � ������� 6'�  � ������ \HDUV� ROG�� DQG� WKH�
\RXQJHVW�LQ�WKH�VDPH�DUH�FRQWHVWDQWV��2*��
)ORRU� ��������6'� �������DQG��:&��0� �
����� 6'�  � ������� 7KH� UHVXOWV� RI�
LQGHSHQGHQW� t WHVW� ZHUH� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� 2*� DQG� :&� RQ�
3RPPHO� KRUVH� �3+��� 5LQJV� �5,��� 3DUDOHOO�
EDUV� �3%��� $OO�DURXQG� LQGLYLGXDO� �$$,��
ILUVW� SODFH� DQG� 3DUDOHOO� EDUV� �3%�� ILUVW�
SODFH���

6LQFH� DUWLVWLF� J\PQDVWLFV� EHFRPHV�
HDFK�2O\PSLF�F\FOH�RYHU�PRUH�GHPDQGLQJ�
LQ�WHUPV�RI�FRPSOH[LW\�DQG�GLIILFXOW\�YDOXH�
RI� WKH� HOHPHQWV�� LW� LV� H[SHFWHG� IDFW� WKDW�
J\PQDVWV� DQG� FRDFKHV� QHHG�PRUH� WLPH� WR�
DFTXLUH� VWDELOLW\�� H[SHULHQFH� DQG� VDIHW\�
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ZKHQ� SHUIRUPLQJ� VXFK� FRPSOH[� H[HUFLVHV��
$FFRUGLQJ�WR�WKH�ILUVW�),*�&R3������WR�WKH�
SUHVHQW�� WKH� 0$*� DQG�:$*� KDV� DOUHDG\�
JRQH� WKURXJK� ��� YHUVLRQV� RU� F\FOHV� &R3��
$WLNRYLü� ������� HPSKDVL]HV� WKDW� WKH�
FKDQJHV� LQ� WKH� UHJXODWLRQ� RI� PHQ
V� DQG�
ZRPHQ
V� DUWLVWLF� J\PQDVWLFV� RFFXU� IURP�
RQH� F\FOH� WR� DQRWKHU� E\� FKDQJHV� LQ�
HYDOXDWLRQ� RI� GLIILFXOW\� YDOXH� �'9�� IURP�
F\FOH� WR�F\FOH�������������$�&��������$�
&U�� ����������� $�'�� ������ $�(�� ��������
$�(�� ������$�VXSHU�(�� ������PDOH��$�� )��
IHPDOH��$�*��������$�*�������PDOH��$�*��
IHPDOH��$�+��(YHU\� HOHPHQW�ZDV� DZDUGHG�
D�VSHFLILF�GLIILFXOW\�UDWLQJ��UDQJLQJ�IURP�$�
�HDVLHVW�� WR� ,� �KDUGHVW�� LQ� WKH� WDEOH� RI�
HOHPHQWV��*\PQDVW�HDUQHG�ERQXV�SRLQWV�E\�
SHUIRUPLQJ� GLIILFXOW� VNLOOV� DORQH� RU� LQ�
FRPELQDWLRQ��),*������D�E����

7KH� LQFUHDVHG� FRPSOH[LW\� RI� &R3�� LQ�
WHUPV� RI� GLIILFXOW\� YDOXH� DQG� LQFUHDVHG�
QXPEHU� RI� GHGXFWLRQV�� UHTXLUH� J\PQDVW¶V�
ORQJHU� FRPSHWLWLYH� LQWHUQVKLS�� LQ� RUGHU� WR�
EH� VXFFHVVIXO� LQ� WKH� J\PQDVWLFV�
FRPPXQLW\��6RPH�J\PQDVWV�DQG�J\PQDVWV�
VXFK� DV� 2NVDQD� &KXVRYLWLQD� DQG� <RUGDQ�
<RYFKHY�� VXFFHHGHG� WKH� DJH� RI� ��� WR� EH�
UDQNHG�KLJK�LQ�PDMRU�FRPSHWLWLRQV��2NVDQD�
&KXVRYLWLQD� FRPSHWHG� DW� KHU� VHYHQWK�
2O\PSLFV� LQ� \HDU� ������ DQRWKHU� UHFRUG�� DW�
WKH�DJH�RI�����%XOJDULD
V�<RUGDQ�<RYFKHY�
���� \HDUV� ROG�� EHFDPH� WKH� ILUVW� PDOH�
J\PQDVW�WR�HYHU�FRPSHWH�LQ�VL[�2*��

7KH�DLP�RI�WKLV�UHVHDUFK�LV�WR�DQDO\]H�
GLIIHUHQW� DJH� DVSHFWV� RI� PDOH� DQG� IHPDOH�
SDUWLFLSDQWV� DW� WKH� 2O\PSLF� *DPHV� DQG�
:RUOG� &KDPSLRQVKLSV� IURP� ����� XQWLO�
������ DQG� WR� GHWHUPLQH� WKH� GLIIHUHQFHV� LQ�
WKH� DJH� VWUXFWXUHV� EHWZHHQ� SDUWLFXODU�
FRPSHWLWLRQV� DQG� GLVFLSOLQHV� LQ� PDOH� DQG�
IHPDOH� DUWLVWLF� J\PQDVWLFV�� 7KH� VWXGLHV�
FRQFHUQLQJ� GLIIHUHQW� DJH� DVSHFWV� DPRQJ�
HOLWH� DWKOHWHV� VSRUWV� ORQJHYLW\� LQ� VHQLRUV�
J\PQDVWLFV��

�
0(7+2'6�

�
$OO� WKH� SDUWLFLSDQWV� LQ� 0$*� DUH�

SUHVHQWHG� LQ� WKH� IROORZLQJ� FRPSHWLWLRQV��
:&������ 1 ����� :&������ 1 �����

:&������ 1 ����� :&������ 1 �����
:&������ 1 ����� :&������ 1 �����
:&������ 1 ����� :&������ 1 �����
:&������1 �����:&������1 �����DQG�LQ�
:$*��:&������1 �����:&������1 ����
:&������ 1 ����� :&������ 1 �����
:&������ 1 ����� :&������ 1 �����
:&������ 1 ����� :&������ 1 �����
:&������ 1 ����� :&������ 1 ����� 7KH�
VDPSOH�RI� WKH� H[DPLQHHV� DOVR� LQFOXGHG� DOO�
WKH� SDUWLFLSDQWV� LQ�0$*� LQ� WKH� IROORZLQJ�
FRPSHWLWLRQV�� 2*������ 1 ���� 2*������
1 ���� 2*������ 1 ���� 2*������ 1 ����
DQG� LQ�:$*�� 2*������ 1 ���� 2*� ������
1 ���� 2*������ 1 ���� 2*������ 1 ����
7KH� WRWDO� QXPEHU� RI� DQDO\]HG� :&�
SDUWLFLSDQWV�LQ�0$*�DPRXQWHG�WR�1 �����
DQG� WKH�:$*� ZDV� 1 ������ ZKLOH� DW� WKH�
2*� ZLWK� 0$*� 1 ���� DQG� WKH� :$*�
1 �����

:H� KDYH� PDGH� KLVWRULFDO� DQDO\VLV� RI�
WKH� FKURQRORJLFDO� DJH� WUHQG� IURP� WKH�
RIILFLDO� ERRN� UHVXOWV� RI� WKH� )pGpUDWLRQ�
,QWHUQDWLRQDOH�GH�*\PQDVWLTXH� �),*�� RI� DOO�
PDOH� DQG� IHPDOH� SDUWLFLSDQWV� LQ� PHQ
V�
DUWLVWLF� J\PQDVWLFV� DQG� ZRPHQ
V� DUWLVWLF�
J\PQDVWLFV�IRU�WKH�SHULRG�RI������WR�������

7KH� LQWHQW�ZDV� WR�FROOHFW� FXUUHQW�GDWD�
RI� IHPDOH� DQG�PDOH� J\PQDVWV� IURP� UHFHQW�
\HDUV��$OO�GDWD�IRU�WKLV�VWXG\�ZDV�REWDLQHG�
IURP� WKH� /RQJLQHV� UDQNLQJ� ZHEVLWH� DQG�
RIILFLDO� ZHEVLWHV� RI� WKH� 2*� UHVXOWV�
/RQJLQHV� 2IILFLDO� 5HVXOWV� %RRNV� ����� ��
�����
KWWS���ZZZ�ORQJLQHVWLPLQJ�FRP����J\PQDV
WLFV�� �$FFHVVHG� �� 6HS� ������ 	� 2IILFLDO�
:HEVLWH� RI� WKH� 2O\PSLF� *DPHV� 5HVXOWV�
����������
KWWSV���ZZZ�RO\PSLF�RUJ�RO\PSLF�UHVXOWV��
�$FFHVVHG� �� 6HS� ������� 7KHVH� WZR� ZHE�
SDJHV� UHFRUG� DOO� J\PQDVWLFV� UHVXOWV�
DFFRUGLQJ� WR�HYHQWV�� VXFK�DV�:&�DQG�2*��
:H� VWDUWHG� FROOHFWLQJ� GDWD� IURP� WKH�
:&����� DQG� HQGHG� ZLWK� WKH� 2*������
EHFDXVH�SUHYLRXV�GDWD�ZDV�QRW�DYDLODEOH�IRU�
DQDO\VLV� RU� LW� ZDV� QRW� FRPSOHWH�� 7KH�
IROORZLQJ�YDULDEOHV�ZHUH� LQFOXGHG��GDWH�RI�
ELUWK�� TXDOLILFDWLRQ� GDWH� RI� WKH� 2*��
TXDOLILFDWLRQ�GDWH�RI�WKH�:&���
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'DWD� SURFHVVLQJ� LQ� WKLV� UHVHDUFK� DQG�
WKH� DSSOLFDWLRQ� RI� WKH� VWDWLVWLFDOO\�
PDWKHPDWLFDO� SURFHGXUHV� ZHUH� FRQGXFWHG�
LQ� WKH� SURJUDP� SDFNDJH� RI� 0LFURVRIW�
2IILFH� ([FHO� ����� DQG� 6366� ����� �6366�
,QF��� &KLFDJR�� ,/�� 86$��� )RU� FDOFXODWLQJ�
WKH� FKURQRORJLFDO� DJH� WKH� IROORZLQJ�
IRUPXODV� IURP� WKH�0LFURVRIW�2IILFH�([FHO�
�����SDFNDJH�ZHUH�XVHG��

)RU� WKH� WRWDO�number of days RI�RQH¶V�
DJH� VLQFH� WKH� GDWH� RI� ELUWK� XQWLO� WKH� ILUVW�
GD\�RI�WKH�FRPSHWLWLRQ�TXDOLILFDWLRQV���
 
Calculation formula  �'$7(',)��$���%���
�G���� � � � � ���  

)RU�WKH�WRWDO�number of years RI�RQH¶V�
DJH� VLQFH� WKH� GDWH� RI� ELUWK� XQWLO� WKH� ILUVW�
GD\�RI�WKH�FRPSHWLWLRQ�TXDOLILFDWLRQV��
 
Calculation formula  �'$7(',)� �GD\V� [�
�������������������\HDUV���� ���  

)RU�WKH�WRWDO�number of years, months 
and days VLQFH� WKH� GDWH� RI� ELUWK� XQWLO� WKH�
ILUVW�GD\�RI�WKH�FRPSHWLWLRQ�TXDOLILFDWLRQV��
 
Calculation formula  �'$7(',)��$���%���
�<��� 	� ³\HDUV´�� 	'$7(',)� �$��� %���
�<0��	��PRQWKV�� �	'$7(',)� �$���%���
�0'���	��GD\V��� � � ����

'HVFULSWLYH� VWDWLVWLFV� IRU� DOO� YDULDEOHV�
ZHUH�XVHG��/LQHDU� UHJUHVVLRQ�PHWKRGV�DQG�
VHFRQG�RUGHU� SRO\QRPLDO� HTXDWLRQV� ZHUH�
XVHG� WR�GHWHUPLQH� WKH�EHVW� ILW� IRU� WKH� WLPH�
VHULHV�� 6HYHUDO� WLPH�VHULHV� DQDO\VLV�
PHWKRGV� ZHUH� FDOFXODWHG� DQG� ILWWHG� WR� WKH�
KLVWRULFDO� GDWD�� DORQJ� ZLWK� WKH� UHVXOWLQJ�
UHJUHVVLRQ� HTXDWLRQV� DQG� R�� YDOXHV� XVLQJ�
0LFURVRIW� ([FHO� ������ 7KH� EHVW�PRGHO� ILW�
IRU� WKH� KLVWRULFDO� GDWD� ZDV� GHWHUPLQHG� E\�
WKH� KLJKHVW� R�� YDOXH�� $Q� LQGHSHQGHQW�
VDPSOH�W�WHVW�ZDV�FDOFXODWHG�WR�GHWHUPLQDWH�
LI�ZKHWKHU�WKHUH�LV�D�GLIIHUHQFH�EHWZHHQ�WKH�
FKURQRORJLFDO�DJH�RI�WKH�DOO�SDUWLFLSDQWV�RI�
WKH�2O\PSLF�*DPHV�����������DQG�:RUOG�
&KDPSLRQVKLSV� �����������'LIIHUHQFHV� LQ�
WKH�PHDQ�YDOXHV�DUH� WUHDWHG�DV�VWDWLVWLFDOO\�
VLJQLILFDQW�ZKHQ�WKH�FDOFXODWHG�S�YDOXH�ZDV�
ORZHU�WKDQ�������

�
�

5(68/76�
�
7DEOH� ���� VKRZV� WKH� GHVFULSWLYH�

LQIRUPDWLRQ�DERXW�:&�DQG�2*��QXPEHU�RI�
DWKOHWHV�� WKH� \HDU� ZKHQ� WKH� FRPSHWLWLRQ�
ZDV� KHOG�� PHGLDQ� YDOXH�� VWDQGDUG�
GHYLDWLRQV�� LQGLYLGXDOO\� IRU� HDFK� RI� WKH�
GLVFLSOLQHV��

7KH�UHVXOWV�LQ�7DEOH���RI�LQGHSHQGHQW�W�
WHVW�ZHUH�VLJQLILFDQW�� W� WHVW������� �������S�
 � ����� LQGLFDWHV� WKDW� WKHUH� DUH� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� 0$*� :&���
�������������Q� ������DQG�WKH�VFRUHV�DW�WKH�
0$*�:&��� ������������� Q�  � ������ 7KH�
UHVXOWV� LQ� 7DEOH� �� RI� LQGHSHQGHQW� W� WHVW�
ZHUH� VLJQLILFDQW�� W� WHVW� ������  � ������ S�  �
����� LQGLFDWLQJ� WKDW� WKHUH� DUH� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� :$*� :&���
�������������Q� ������DQG�WKH�VFRUHV�DW�WKH�
:$*�:&��� ������������� Q�  � ������ 7KH�
UHVXOWV� LQ� 7DEOH� �� RI� LQGHSHQGHQW� W� WHVW�
ZHUH� VLJQLILFDQW�� W� WHVW� ������  � ������ S�  �
����� LQGLFDWLQJ� WKDW� WKHUH� DUH� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� :$*� 2*���
�������������Q� �����DQG�WKH�VFRUHV�DW� WKH�
:$*� 2*��� ������������� Q�  � ����� 7KH�
UHVXOWV� LQ� 7DEOH� �� RI� LQGHSHQGHQW� W� WHVW�
ZHUH� VLJQLILFDQW�� W� WHVW� ������  � ������� S�  �
����� LQGLFDWLQJ� WKDW� WKHUH� DUH� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� :$*� 7($0���
������������� Q�  � ���� DQG� WKH� VFRUHV� IURP�
:$*� 7($0���� ������������� Q�  � �����
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7DEOH���
Age (years) of the competitors (Mean ± SD) at the Olympic Games from 2004 to 2016���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Abbreviations:�1��1XPEHU�RI�SDUWLFLSDQWV��1�7($0��1XPEHU�RI�WHDP�SDUWLFLSDQWV��0��0HDQ��6'��6WDQGDUG�
GHYLDWLRQ��);��)ORRU��3+��3RPPHO�KRUVH��5,��5LQJV��97��9DXOW��3%��3DUDOOHO�EDUV��+%��+LJK�EDU��8%��8QHYHQ�
EDUV��%%��%DODQFH�EHDP��$//�0$*��$OO�PHQ�FRPSHWLWRUV��$//�:$*��$OO�IHPDOH�FRPSHWLWRUV��
�
7DEOH����
Linear and Second-Order Polynomial-Regression Equations for Individual Athlete Data on 
Each Variable With the World Championships and Olympic Games Year. 
�

9DULDEOH�$JH��\UV�� /LQHDU�HTXDWLRQ� U�� 6HFRQG�RUGHU�SRO\QRPLDO�HTXDWLRQ� U��
0$*����������� \ �����[�������� ������ \ ������[�������[�������� ������
:$*����������� \ ������[�������� ������ \ ������[��������[�������� ������

0$*�2*����������� \ ������[�������� ������ \ �������[��������[�������� ������
:$*�2*����������� \ ������[�������� ������ \ �������[��������[�������� ������

Abbreviations:� 0$*� ����������� 0HQ
V� DUWLVWLF� J\PQDVWLFV� UHVXOWV�� :$*� ����������� :RPHQ
V� DUWLVWLF�
J\PQDVWLFV� UHVXOWV��0$*�2*������������0HQ
V�DUWLVWLF�J\PQDVWLFV� UHVXOWV�2O\PSLF�*DPHV��:$*�2*������
������:RPHQ
V�DUWLVWLF�J\PQDVWLFV�UHVXOWV�2O\PSLF�*DPHV��

�
7DEOH���
Independent t-test for Equality of Means. 
 
(YHQW� 1� 0HDQ�6' 1 0HDQ�6' W GI� S�
0$*�:&���:&��� ���� ���������� ��� ���������� ���� ���� �����

0$*�2*���2*��� ��� ���������� �� ���������� ����� ���� �����
:$*�:&���:&��� ���� ���������� ��� ���������� ���� ���� �����

:$*�2*���2*��� ��� ���������� �� ���������� ���� ���� �����

0$*�7($0������ ��� ���������� �� ���������� ����� ���� �����
:$*�7($0������ ��� ���������� �� ���������� ����� ���� �����

Abbreviations:�1��1XPEHU�RI�3DUWLFLSDQWV��0��0HDQ��6'��6WDQGDUG�GHYLDWLRQ��W� �W� WHVW�YDOXH��GI� �'HJUHHV�RI�
)UHHGRP�� 
S�� LQGLFDWHV� D� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� DW� S�������0$*��PHQ
V� DUWLVWLF� J\PQDVWLF��:$*��
ZRPHQ
V�DUWLVWLF�J\PQDVWLFV��:&��:RUOG�&KDPSLRQVKLS��2*��2O\PSLF�*DPHV��
�

� <HDUV� ����� ����� ����� �����
(YHQWV�

0HQ�

1� �� �� �� ���
);� ���������� ��������� ���������� �����������
3+� ���������� ���������� ���������� �����������
5,� ���������� ���������� ���������� �����������
97� ���������� ���������� ���������� �����������
3%� ���������� ���������� ���������� �����������
+%� ���������� ���������� ���������� �����������

$//�0$*� ���������� ���������� ���������� �����������
1�7($0� �� �� �� ���
7($0� ���������� ���������� ���������� �����������

:RPHQ�

1� �� �� �� ���
97� ���������� ���������� ���������� �����������
8%� ���������� ���������� ���������� �����������
%%� ���������� ���������� ���������� �����������
);� ���������� ���������� ���������� �����������

$//�:$*� ���������� ���������� ���������� �����������
1�7($0� �� �� �� ���
7($0� ����������� ����������� ����������� �����������



$WLNRYLü�$���'HODã�.DOLQVNL�6���ýXN�,���$*(�75(1'6�,1�$57,67,&�*<01$67,&6�«�����������������9RO����,VVXH��������������
�

Science of Gymnastics Journal                                ���                           Science of Gymnastics Journal 
�

)LJXUHV���WKURXJK���VKRZ�WKH�DJH�RI�WKH�FRPSHWLWRUV�DQG�WHDPV��0HDQ���6'��DW�WKH�:&�
DQG�2*�����±������)LJXUHV���WKURXJK���DOVR�VKRZ�WKH�OLQHDU�ILW�FXUYHV���
�

�

Abbreviations:�S��VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW�S�������);��)ORRU��3+��3RPPHO�KRUVH��5,��5LQJV��97��
9DXOW��3%��3DUDOOHO�EDUV��+%��+LJK�EDU��$//��$OO�PHQ�FRPSHWLWRUV��$//�/LQHDU��/LQHDU�UHJUHVVLRQ���

�
Figure 1.�7UHQGLQJ�DJHV�RI�PHQ
V�DUWLVWLF�J\PQDVWLFV�J\PQDVWV�IURP������WR�������

�
�

�
Abbreviations:�S��VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW�S�������97��9DXOW��8%��8QHYHQ�EDUV��%%��%DODQFH�EHDP��
);��)ORRU��$//��$OO�ZRPHQ�FRPSHWLWRUV��$//�/LQHDU��/LQHDU�UHJUHVVLRQ��

�
Figure 2.�7UHQGLQJ�DJHV�RI�ZRPHQ
V�DUWLVWLF�J\PQDVWLFV�J\PQDVWV�IURP������WR�������

�
�
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�
Abbreviations:� S�� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� DW� S������� 0$*� DQG�:$*� DOO� WHDP� SDUWLFLSDQWV� DW� WKH�
2O\PSLF�*DPHV��$//�/LQHDU��/LQHDU�UHJUHVVLRQ��

�
Figure 3.�7UHQGLQJ�DJHV�RI�PHQ
V�DUWLVWLF�J\PQDVWLFV�DQG�ZRPHQ
V�DUWLVWLF�J\PQDVWLFV�WHDP�
J\PQDVW�IURP������WR�������
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',6&866,21�
�
,Q� 7DEOH� ��� WKH� \RXQJHVW� PDOH�

SDUWLFLSDQWV�DW�WKH�:&�ZHUH�UHFRUGHG�LQ�VL[�
RFFDVLRQV�RQ�WKH�);�����������DQG������
������ WKHQ� WKUHH� WLPHV� RQ� WKH� 97� ������
����� DQG� ������ 7KH� \RXQJHVW� IHPDOH�
SDUWLFLSDQWV� DW� WKH�:&� ZHUH� UHFRUGHG� VL[�
WLPHV� RQ� WKH�);������� ������ ������ �����
������ WKUHH� WLPHV� RQ� WKH� 8%� ������ �����
DQG� ������ 7KH� ROGHVW� PDOH� SDUWLFLSDQWV� DW�
WKH�:&�ZHUH�UHFRUGHG�VL[�WLPHV�RQ�WKH�3+�
IURP� ����������� ����������� DQG� WZR�
WLPHV� RQ� WKH� +%� LQ� ����� DQG� ������ 7KH�
ROGHVW� ZRPHQ� DW� WKH� :&� ZHUH� UHFRUGHG�
IRXU�WLPHV�RQ�WKH�%%������������������DQG�
������WKUHH�WLPHV�RQ�WKH�97�������������

,Q� 7DEOH� ��� WKH� UHVXOWV� SUHVHQWHG� DUH�
WKH�RQHV� IURP� WKH�ROGHVW�PDOH�SDUWLFLSDQWV�
RI� WKH�2*�� 7KH� ROGHVW�ZHUH� RQ� WKH� 3%� LQ�
����� DQG� ������ ZKLOH� WKH� ROGHVW� IHPDOH�
ZDV� HTXDOO\� UHSUHVHQWHG� RQ� DOO� IRXU�
FRPSHWLWLRQV� RI� WKH� 2*�� 7KH� \RXQJHVW�
PDOH�SDUWLFLSDQWV�RI�WKH�2*�ZDUH�UHFRUGHG�
WZLFH� RQ� WKH� );� DW� WKH� 2*� LQ� ����� DQG�
������ ZKLOH� \RXQJHVW� IHPDOH� ZHUH�
UHFRUGHG�WKUHH�WLPHV�DW�WKH�8%������������
:KHQ�ZH� ORRN� DW� WKH� YDOXHV� RI� DOO� WZHOYH�
SDUWLFLSDWLQJ�WHDPV�DW�WKH�2*�LQ�0$*�DQG�
:$*��ZH� FDQ� QRWLFH� D� VOLJKW� WHQGHQF\� RI�
DJH�JURZWK�LQ�ERWK�FRPSHWLWLRQV���

,Q� 7DEOH� ��� ZH� KDYH� WKH� SUHVHQWHG�
HTXDWLRQV� IRU� WKH� OHDVW�VTXDUHV� EHVW� ILWV� RI�
OLQHDU� DQG� SRO\QRPLDO�UHJUHVVLRQ�
HTXDWLRQV��1RWH�WKDW�WKH�JHQHUDO�WUHQG�RYHU�
WLPH� DSSHDUV� WR� EH� D� VLPSOH� OLQHDU�
UHODWLRQVKLS�� 7KH� YDOXHV� R�� DUH� PRUH�
H[SUHVVHG� LQ� :$*� FRPSDUHG� WR� 0$*�
ERWK� IRU� WHDP� FRPSHWLWLRQV� DQG� HDFK� \HDU�
DQG�GLVFLSOLQH���

&RPSDULQJ� WR� 5R]LQ� 	� ýHEXUDHY�
������� UHVXOWV� IURP� WKDW� SHULRG� DQG� WKH�
QHZHU�GDWHV��ZH�FDQ�VHH�WKDW�WKH�J\PQDVWV�
ZHUH� ROGHU� WKDQ� WKH\� DUH� WRGD\� DW� WKH�2*�
DQG� HYHQ� WKHQ� ZH� FDQ� QRWLFH� D� VOLJKW�
GHFUHDVH� LQ� WKH� DJH� RI� WKH� DWKOHWHV��
*DYHUGRYVNLM� ������� DQDO\]HG� WUHQGV� LQ�
J\PQDVW¶V� DJH� DQG� WKHLU� FRPSHWLWLYH�
FDUHHU�� KLV� PDLQ� FRQFOXVLRQ� ZDV� WKDW� WKH�
DJH�RI�WRS�J\PQDVWV�LV�ORZHULQJ�DQG�WLPH��

�
�

RI� WKHLU� FDUHHU� LV� VKRUWHQLQJ� DFFRUGLQJ� WR�
WKHLU� SHHUV� EHWZHHQ� \HDUV� �����������
+RZHYHU�� FKDQJH� RI� &R3�� DJH� OLPLWDWLRQ�
FKDQJHG� WKDW� UXOH� VHYHUHO\� �)LJXUH� ���� DV�
J\PQDVW¶V� FDUHHU� LV� ORQJHU�� WKHLU� DJH� LV�
ULVLQJ�DJDLQ��

$JH� FKDQJHV� RFFXU� V\VWHPDWLFDOO\�
IURP� 2O\PSLF� F\FOH� WR� F\FOH�� 7KH� ROGHVW�
FRPSHWLWRUV� DUH� DW� WKH�2*�� WKHQ� WKHUH� LV� D�
GHFOLQH� LQ� WKH� WUHQG� RI� RQH� RU� WZR� \HDUV��
DQG�DJDLQ�DW� WKH�HQG�RI� WKH�2O\PSLF�F\FOH�
WUHQG�LV�UHWXUQLQJ�WR�D�KLJKHU�YDOXH�WKDQ�WKH�
SUHYLRXV�F\FOH��,W�VKRXOG�EH�QRWHG��WKDW�IRU�
DOO� FRXQWULHV� LW� LV� WKH� PRVW� LPSRUWDQW�
FRPSHWLWLRQ�DW�WKH�2*��<HDU�DIWHU�2*��DQG�
WKDW� LQ� SDUWLFXODU�� WKH� :&� VHUYHV� DV�
RSSRUWXQLW\� IRU� \RXQJ� J\PQDVWV� WR� SURYH�
WKHPVHOYHV� RQ� WKH� LQWHUQDWLRQDO� VFHQH��
*UDQWLQJ�� WKH� WUHQG� LV� QRW� UHIOHFWHG� WR�
FKDQJH�D�ZKROH�JHQHUDWLRQ�RI�FRPSHWLWRUV��
,Q�UHJDUG�WR�WKLV��LW�VKRXOG�EH�QRWHG�WKDW�WKH�
PDOH� DOO�DURXQG� FRPSHWLWRUV� KRZHYHU� DUH�
WKH� ROGHVW�� DQG� WKDW� WKHUH� DUH� DJH�
GLIIHUHQFHV� EHWZHHQ� GLVFLSOLQHV� LQ� PHQ�
PRUH� WKDQ� LQ� IHPDOH�� ZKHUH� WKHVH�
GLIIHUHQFHV� DUH� YHU\� VPDOO� EHWZHHQ�
GLVFLSOLQHV�� %DVHG� RQ� WKH� DUJXPHQWV�
SUHVHQWHG�LQ�WKH�WH[W��LW�LV�HYLGHQW�WKDW�WKHUH�
KDV� EHHQ� DQ� LQFUHDVH� LQ� WKH� DJH� RI� PRUH�
ZRPHQ
V� DUWLVWLF� J\PQDVWLFV� WKDQ� LQ�PHQ
V�
DUWLVWLF� J\PQDVWLFV�� 7KH� PDOH� J\PQDVW�
IURP� ����� WR� ����� DUH�� RQ� DYHUDJH�� ROGHU�
IRU�����\HDUV�DQG�IRU�IHPDOH�LW�LV�����\HDUV�
RI� DJH� DQG� WKH� JURZWK� WUHQG� FRQWLQXHV��
8QOLNH� PHQ�� ZRPHQ� KDYH� VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH�LQ�DJH�IRU�WKH�SHULRG�
2*� IURP� ����� WR� ������ )RU�ZRPHQ�� LW� LV�
QRWLFHG� IDVWHU� XSWUHQG� DJH� IURP� 2O\PSLF�
F\FOH� WR� F\FOH�� ,QWHUQDWLRQDO� *\PQDVWLFV�
)HGHUDWLRQ�PD\�LQFUHDVH�WKH�PLQLPXP�DJH�
RI� IHPDOH�SDUWLFLSDQWV� IURP� WKH�FXUUHQW����
WR����\HDUV�ROG��

�
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�
Figure 4.�7LPH�RI�FRPSHWLWLRQ�FDUHHU�
GXULQJ�GHFDGHV��DGRSWHG�\HDU�������
DFRUGLQJ�WR�*DYHUGRYVNLM���������

�
:H� FDQ� FRPSDUH� RXU� UHVXOWV� ZLWK�

0F&UHDG\� ������� UHVHDUFK� ³)RU� 2O\PSLF�
$WKOHWHV��,V����WKH�1HZ���"´��$FFRUGLQJ�WR�
0F&UHDG\�� LW¶V� QR� VHFUHW� WKDW� J\PQDVWV�
DFURVV�WKH�ERUGHU�DQG�LQ�GLIIHUHQW�FRXQWULHV�
DUH�JHWWLQJ�\RXQJHU��EXW�ZH�ZHUH�QRW�DZDUH�
RI� WKH� PDJQLWXGH�� $OWKRXJK� WKH\� KDYH� DQ�
DYHUDJH�DJH�RI������\HDUV��ZKLFK�LV�DOPRVW�
WKH� VDPH� DV� WKH� IXOO� VWXG\� DYHUDJH�� LW�ZDV�
PDLQO\� ERRVWHG� LQ� WKH� ILUVW� KDOI� RI� WKH�
FHQWXU\�� )RU� LQVWDQFH�� WKH� DYHUDJH� DJH� RI�
J\PQDVWV� EHIRUH� WKH� ����V� ZDV� DERYH� ���
\HDUV� RI� DJH�� EULQJLQJ� WKH� DYHUDJH� DJH� XS�
VLJQLILFDQWO\�� %XW� WKDW� WUHQG� ZDV� DERXW� WR�
EH�EXVWHG�LQ�D�ELJ�ZD\�LQ�MXVW�D�IHZ�\HDUV��
'XULQJ�WKH�ODWWHU�KDOI�RI�WKH�����V��ZH�ILUVW�
VHH�WKH�GRZQZDUG�WUHQG�VWDUWLQJ�DW����\HDUV�
RI� DJH� DQG� FRQWLQXLQJ� XQWLO� LW� KLWV� URFN�
ERWWRP� DW� ��� \HDUV� RI� DJH� LQ� ������ $IWHU�
WKDW� ORZ� SRLQW� LQ� ������ WKH� DYHUDJH� DJH�
VHWWOHG�LQ�DW�DURXQG����\HDUV�RI�DJH�IRU�WKH�
QH[W� ��� \HDUV�� +H� SUHGLFWV� WKDW� WKH� WUHQG�
ZLOO� FRQWLQXH� LQWR� ������ ZLWK� WKH� DYHUDJH�
J\PQDVW� EHLQJ� FORVHU� WR� ��� \HDUV� RI� DJH��
+H� ORRNHG� DW� WKH� ����� 2O\PSLFV� DQG�
RQZDUG� EHFDXVH� IHPDOH� ZHUH� QRW� DEOH� WR�
FRPSHWH� LQ� *\PQDVWLFV� SULRU� WR� ������
0DOH� J\PQDVWV� KDYH� EHHQ�ZHOO� DERYH� WKH�
DYHUDJH�DJH�WUHQG�OLQH�VLQFH�������,W�DOPRVW�
PLUURUV�WKH�DYHUDJH�DJH�WUHQG�OLQH�LQ�VORSH�
IRU� WKH� HQWLUH� JUDSK�� VWDUWLQJ� ZLWK� DQ�
DYHUDJH� DJH� RI� FORVH� WR� ��� DQG� ILQDOO\�
VHWWOLQJ� DW� WKH� SUHGLFWHG� DJH� RI� DERXW� ���
\HDUV�RI� DJH� IRU�������2Q� WKH�RWKHU�KDQG��

WKH� WUHQG� OLQH� IRU� IHPDOH� J\PQDVWV� WDNHV�
PRUH�VHULRXV�DQG�PD\EH�HYHQ�FRQWURYHUVLDO�
GRZQZDUG� SXVK�� 6WDUWLQJ� DW� DOPRVW� WKH�
H[DFW�VDPH�DJH�DV�WKH�FRPELQHG�WUHQG�OLQH�
RI� ����� \HDUV�� WKHLU� WUHQGLQJ� DJHV� GURS�
DOPRVW�QLQH�\HDUV�EHIRUH�ILQDOO\�VHWWOLQJ�RQ�
D� SURMHFWHG� DYHUDJH� RI� DERXW� ��� \HDUV� RI�
DJH�LQ�������0F&UHDG\���������

$FFRUGLQJ� WR� WKH� UHVXOWV� SUHVHQWHG� LQ�
7DEOH����PDOH�SDUWLFLSDQWV�DUH�JHWWLQJ�ROGHU�
DW�:&�����±�:&�����EXW�RQ� WKH�2*�DUH�
QRW� ROGHU� WKDQ� EHIRUH�2*����� ±�2*�����
�)LJXUH� ����:RPHQ� DUH� JHWWLQJ� ROGHU�� DQG�
DPRQJ� WKHP�ZDV� D� VWDWLVWLFDOO\� VLJQLILFDQW�
FKDQJH� UHODWLRQV� WR� WKH� \HDUV� :&����� ±�
:&����� DQG�2*����� ±�2*����� �)LJXUH�
���� $OVR�� IRU� PDOH� PHPEHUV� RI� WKH� WHDP��
WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�2*�����±�
2*������ ZKLOH� IRU� ZRPHQ� WKHUH� LV� D�
GLIIHUHQFH� EHWZHHQ� 2*����� ±� 2*�����
�)LJXUH�����

,I�ZH�FRPSDUH�WKH�DJH�RI�WKH�0$*�E\�
GLVFLSOLQHV�� WKH� ROGHVW� J\PQDVWV� DUH� RQ�
ULQJV�� DQG� WKH� \RXQJHVW� DUH� RQ� WKH� IORRU��
6WDWLF�VWUHQJWK�LV�UHTXLUHG�RQ�WKH�ULQJV��LW�LV�
REYLRXV�WKDW�IRU�JHWWLQJ�LW��D�FHUWDLQ�SHULRG�
RI� WUDLQLQJ� LV� UHTXLUHG�� DFFRUGLQJ� WR� WKRVH�
QHHGV� WKDW� WKH� EHVW� UHVXOWV� RQ� ULQJV� DUH�
H[SHFWHG� RQO\� DIWHU� WKH� DJH� RI� ��� \HDUV��
7KLV� FDQ� EH� H[SODLQHG� ZLWK� VKRUWHU�
DPSOLWXGHV� RI� PRYHPHQW� RQ� WKH� ULQJV� LQ�
UHODWLRQ� WR� RWKHU� GLVFLSOLQHV��ZKLFK�PHDQV�
WKDW� WKH� ERG\� RI� J\PQDVW� LV� H[SRVHG� WR�
DQRWKHU� W\SH� RI� VWUHVV� DQG� SK\VLRORJLFDO�
GDPDJH�FRPSDUHG�WR�WKH�H[SRVXUH�RQ�RWKHU�
DSSDUDWXV�� 6SHFLDOLVWV� RQ� ULQJV� KDYH� D�
ORQJHU� FRPSHWLWLYH� FDUHHU� DQG� KLJKHU�
DPRXQW� RI� ZRQ� PHGDOV�� 2*�� ����� 5RPH�
$OEHUW� $]DU\DQ������� \HDUV� �856��� �����
%HUOLQ� /HRQ� âWXNHOM������� \HDUV� �<8*���
�����$WKHQV�-XU\�&KHFKL��������,7$���:&�
�����'HEUHFHQ�6]LOYHV]WHU�&VROOiQ\�������
\HDUV� �+81��� ����� /RQGRQ� <RUGDQ�
<RYWFKHY������� \HDUV� �%8/��� �����
/X[HPERXUJ� )UDQWLVHN� (UEHQ� ������ \HDUV�
�%2+���HWF����

0$*� DQG� :$*� J\PQDVWV� RQ� IORRU�
H[SRVH� WKHLU� ERG\� WR� H[WUHPHO\� ERG\� DQG�
WUDLQLQJ�ORDG��3UREDEO\�IRU�WKLV�UHDVRQ��LW�LV�
QRW� VXUSULVLQJ� WKDW� J\PQDVWV� RQ� WKH� IORRU�
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DFKLHYH� WKHLU� EHVW� UHVXOWV�� RQ� DYHUDJH�� DW�
WKH� 2*� DQG� :&� DW� WKH� DJH� RI� ��� \HDUV�
�PDOH��DQG���� �IHPDOH���1XQRPXUD� �������
UHSRUWHG� WKDW�HDFK�DSSDUDWXV�SUHVHQWV� WKHLU�
XQLTXH�FKDUDFWHULVWLFV��0RUHRYHU��LQ�UHFHQW�
\HDUV�� FRPSOH[LW\� LQFUHDVHG� LQ� WKHLU�
LPSOHPHQWDWLRQ� DQG� PRWRU� GHPDQG�� WKH�
IDFW� WKDW� GHWHUPLQHG� WKH� LQFUHDVH� LQ� GDLO\�
WUDLQLQJ� KRXUV� �1XQRPXUD�� ������ &DLQH��
������� $FFRUGLQJ� WR� WKH� DXWKRU�
�1XQRPXUD�� ������� IORRU� LV� WKH� RQH� PRVW�
FRPSOH[� DSSDUDWXV� LQ� DUWLVWLF� J\PQDVWLFV�
DQG� LW� LV� FRPSRVHG� RI� DFUREDWLF� HOHPHQWV�
FRPELQHG� ZLWK� J\PQDVWLF� VWUHQJWK� DQG�
EDODQFH�H[HUFLVHV��)ORRU�H[HUFLVH�GHPDQGV�
DUH�OLQNHG�WR�VWUHQJWK��PXVFOH�SRZHU�LQ�WKH�
ORZHU� DQG� XSSHU� OLPEV��� IOH[LELOLW\�� DQG�
PXVFXODU� DQDHURELF� HQGXUDQFH�� )RUFHV�
H[SHULHQFHG� GXULQJ� WDNH�RIIV� DQG� ODQGLQJV�
LQ� DUWLVWLF� J\PQDVWLFV� FDQ� EH� YHU\� KLJK��
)RUFHV� PHDVXUHG� DW� ODQGLQJV� FDQ� UDQJH�
IURP�����WR������WLPHV�WKH�J\PQDVW
V�ERG\�
ZHLJKW��3DQ]HU��������0F1LWW�*UD\���������
7KH� KLJKHVW� IRUFHV� PHDVXUHG� ZKHQ�
SHUIRUPLQJ� GRXEOH� EDFN� VRPHUVDXOWV�
UDQJHG� IURP� ���� WR� ����� WLPHV� WKH�
J\PQDVW
V�ERG\�ZHLJKW��7KLV�ZDV�����WLPHV�
PRUH� ERG\� ZHLJKW� FRPSDUHG� WR� EDFN�
VRPHUVDXOW�� .DUDFVRQ\� DQG� ýXN� �������
IRXQG� WKDW� IRUFHV� DW� WDNH� RII� DW� GLIIHUHQW�
VRPHUVDXOWV� FDQ� EH� XS� WR� ����� WLPHV� WKH�
SDUWLFLSDQW
V� ERG\� ZHLJKW�� 7KLV� LV� RQH� RI�
WKH� UHDVRQV�VKRUW�VSRUWV�FDUHHU�DW� WKH� IORRU�
RQ�WKH�WRS�OHYHO����

'XH� WR� WKH� UHOHYDQFH� RI� WKH� VDPSOH��
WKH�GDWD�REWDLQHG�LQ�WKLV�UHVHDUFK�FDQ�VHUYH�
DV� WKH� RULHQWDWLRQ� YDOXHV� LQ� JXLGLQJ� DQG�
VKDSLQJ� J\PQDVWV� LQ� VSHFLDOL]DWLRQ� WR� WKH�
SDUWLFXODU� DSSDUDWXV�� RU� DOO�DURXQG�� ,Q�
DGGLWLRQ��GDWD�RQ�WKH�DJH�ZLOO�VHUYH�FRDFKHV�
LQ�WKH�SURFHVV�RI�SODQQLQJ�WKH�WUDLQLQJ�DQG�
WLPLQJ�VSRUWV�IRUP��WKDW�LV��WKH�H[SHFWDWLRQV�
RI�PD[LPXP�UHVXOWV��JLYHQ�WKH�DJH�RI�WKHLU�
J\PQDVWV�� $OO� WRS� J\PQDVWV� DUH� YHU\�
VLPLODU�� EXW� VRPH� PLQRU� GLIIHUHQFHV� DUH�
UHJLVWHUHG�.DUDFVRQ\�DQG�ýXN���������7KH�
DYHUDJH�DJH�RI�WKRVH�FRPSHWLWRUV�ZKR�WDNH�
ILUVW� SODFH� E\� GLVFLSOLQHV� LV� UHJLVWHUHG� DQG�
E\� ODUJH� FRPSHWLWLRQV� ZKLFK� ZDV� QRW� WKH�
FDVH� LQ� WKH� IRUPHU� OLWHUDWXUH�� 2EWDLQHG�

UHVXOWV� VKRZHG� VRPH�� VWDWLVWLFDOO\��
VLJQLILFDQW� GLIIHUHQFHV� DQG� WR� VLPLODU� GDWD�
IRU� WKH� WZR� GLUHFWLRQV� IRU� JLYLQJ� SRLQWV�
FDPH��0RåQLN��+UDVNL��	�+UDVNL���������

:LWK� WKH� FKDQJLQJ� DSSHDUDQFH� YDXOW�
DQG�LWV�VSHFLILFDWLRQ�VLQFH�:&������:$*��
WKHUH� LV� D� SRVVLELOLW\� IRU� J\PQDVW�
VSHFLDOLVWV� RQ� WKDW� DSSDUDWXV� WR� UHPDLQ�
DFWLYH� DV� FRPSHWLWRUV� IRU� D� ORQJ� SHULRG� RI�
WLPH�� ,W� LV� QR� FRLQFLGHQFH� WKDW� WKH� ROGHVW�
FRQWHVWDQWV� LQ� WKH� GLVFLSOLQH� DUH� ZRPHQ��
6RPH� RI� WKH� FRPSHWLWRUV� DUH�� 2*� �� �����
+HOVLQNL� (NDWHULQD� .DOLQFKXN� ������ \HDUV�
�856��� ����� %HLMLQJ� 2NVDQD� &KXVRYLWLQD�
������\HDUV� �*(5��������0HOERXUQH�2OJD�
/HPKpQ\L�7DVV�������\HDUV� �+81���:&���
����� %DVHO� +HOHQD� 5DNRF]\� ������ \HDUV�
�32/��� ����� 7RN\R� 2NVDQD� &KXVRYLWLQD�
������ \HUDV� �*(5��� ����� $DUKXV� 2NVDQD�
&KXVRYLWLQD�������\HDUV��*(5���HWF���

:H� NQRZ� WKDW� WKHUH� DUH� SUREDEO\�
PDQ\� LQWHUVHFWLQJ�IDFWRUV�PRYLQJ� WKH�DJHV�
XSZDUGV� RU� GRZQZDUGV� DQG� WKHUHIRUH� ZH�
ZRXOG� PHQWLRQ� PRVW� HYLGHQW�� � WUDLQLQJ�
ORDGV�� LQFUHDVHG� QXPEHU� RI� FRPSHWLWLRQV��
FKDQJLQJ� QXPEHU� SDUWLFLSDQWV� SHU� HYHQWV��
VSRQVRUVKLS�GHDOV�DQG�UHZDUGV�IRU�PHGDOV��
5HVXOWV� RQ� FKDQJHV� LQ� DJH�� VKRXOG�
FRQWULEXWH� WR� D� EHWWHU� RYHUYLHZ� DQG�
SODQQLQJ� RI� WKH� SURVSHULW\� RI� LQGLYLGXDO�
J\PQDVWV� LQ� RUGHU� WR� HQVXUH� WKH� EHVW�
SURJQRVWLFV� RI� WKHLU� WRS� DFKLHYHPHQWV� LQ�
VSHFLILF�GLVFLSOLQHV����

�
&21&/86,21�

�
$FFRUGLQJ�WR�WKH�UHVXOWV�SUHVHQWHG�DQG�

GLVFXVVHG� KHUHLQ�� WKH� IROORZLQJ�
FRQFOXVLRQV�DUH���

�� LQ�WKH�ODVW����\HDUV�WKHUH�KDV�EHHQ�D�
OLQHDU� LQFUHDVH� LQ� WKH� DJH� VWUXFWXUH� RI�
SDUWLFLSDQWV�LQ�0$*�DQG�:$*�DW�WKH�:&�
�������������

�� DW� 2*� WKHUH� KDYH� EHHQ� VLJQLILFDQW�
DJH� FKDQJH� DW� :$*� EHWZHHQ� ����� DQG�
������

�� DW� 2*� EHWZHHQ� ����� DQG� �����
LQGLYLGXDO� PHQ� DJH� URVH�� EXW� QRQ�
VLJQLILFDQWO\�� VLPLODU� LV� YDOLG� DOVR� IRU�
PHPEHUV�RI�WHDPV�DW�2*���
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�� FKDQJHV� LQ� WKH� *HQHUDO� 5XOHV� DQG�
&RGH� RI� 3RLQWV� E\� ),*� KDYH� VLJQLILFDQWO\�
LQIOXHQFHG� DJH� ULVH� FRPSDUHG� WR� WKH�
SUHYLRXV�2O\PSLF�F\FOHV���

�� PDOH� DQG� IHPDOH� J\PQDVWV� HQGHG�
WKHLU� FDUULHUV� HDUOLHU� LQ� WKH� SDVW�� ZKLOH�
WRGD\� ZH� KDYH� VRPH� DWKOHWHV� LQ�
SURIHVVLRQDO� J\PQDVWLFV� ZKR� DUH� RYHU� ���
\HDUV�RI�DJH���

�� DV�LW�FDQ�EH�QRWHG��LQ�WKH�SDVW��WKHUH�
ZDV�D�QRWLFHDEOH�GRZQZDUG�WUHQG�LQ�DJH�RI�
ERWK� PDOH� DQG� IHPDOH� SDUWLFLSDQWV� RI� WKH�
2*��,Q�WKH�XSFRPLQJ�SHULRG��ZH�GR�H[SHFW�
WKDW��ZLWK�DSSDUDWXV�VSHFLDOL]DWLRQ��WKH�DJH�
ZLOO�EH�VOLJKWO\�KLJKHU���

,Q� IXWXUH� VWXGLHV�� LW� ZRXOG� EH�
SUHIHUDEOH� WR� DQDO\]H� ZKHWKHU� WKHVH�
LQFUHDVHV� LQ� WKH� DJH� WUHQG�� LQ� DQ\� ZD\��
UHODWH�DOVR� WR� WKH�PHGDOLVWV�RI� WKH�2*�DQG�
:&�� )XWXUH� VWXGLHV� VKRXOG� FRQGXFW� WKH�
DQDO\VLV� EHWZHHQ� WKH� PHGDOLVWV� DQG� QRQ�
PHGDOLVWV� LQ� J\PQDVWLFV� DQG� PDNH�
GLIIHUHQWLDWLRQV�DFFRUGLQJ�WR�WKH�GLVFLSOLQHV�
RI�ERWK�JHQGHUV��

�
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�

$QGHUVRQ�� 9�� �������� )HPDOH�
J\PQDVWV�� ROGHU� DQG� KHDOWKLHU"� The 
Physician and Sports Medicine, 23����������

$QGUHHY�� 3�� �������� $JH� DQDO\VLV� RI�
WKH� RO\PSLF�PHGDO� KROGHUV�PHQ� LQ� DUWLVWLF�
J\PQDVWLFV� IRU� WKH� SHULRG� �����������
Activities in Physical Education and Sport, 
5��������������

$UNDHY��/�,���	�6XFKLOLQ��1�*����������
How to Create Champions��2[IRUG��0H\HU�
	�0H\HU�6SRUW��

$WLNRYLü��$����������'HYHORSPHQW�DQG�
$QDO\VLV� &RGH� RI� 3RLQWV� �&23�� LQ� 0HQ
V�
$UWLVWLF�*\PQDVWLFV��0$*��IURP�WKH������
WR������\HDU�� ,Q�0��%XþDU�3DMHN��	�0��3��
6DPDUGåLMD� �(GV���� �Book of abstracts and 
proceedings.� /MXEOMDQD�� 6ORYHQLDQ�
*\PQDVWLFV�)HGHUDWLRQ���SS�����������

$WLNRYLü�� $��� 'HODã� .DOLQVNL�� 6���
6PDMORYLü��6����������+LVWRULFDO�DQDO\VLV�RI�
WKH� FKURQRORJLFDO� DJH� WUHQG� RI� WKH�
SDUWLFLSDQWV� RI� PHQ¶V� DUWLVWLF� J\PQDVWLFV�
ZKR� KDYH� ZRQ� PHGDOV� LQ� WKH� SHULRG�

EHWZHHQ� ����� DQG� ������ Journal of 
Physical Education and Sport, 17���������
�����

%DO\L�� ,��� &DUGLQDO�� &��� +LJJV�� &���
1RUULV�� 6��� 	� :D\�� 5�� �������� Canadian 
sport for life: Long-term athlete 
development resource paper V2��
9DQFRXYHU��&DQDGLDQ�6SRUW�&HQWUHV���

%RPSD�� 7�� �������� Periodization: 
theory and methodology of training (4th 
ed.).�&KDPSDLJQ��,OOLQRLV��+XPDQ�.LQHWLFV��

&DLQH�� '�� -��� 5XVVHO�� .��� /LP�� /��
��������Handbook of sports medicine and 
science: gymnastics�� 2[IRUG�� 8QLWHG�
.LQJGRP��

'UDELN��-����������Children and Sports 
Training�� ,VODQG�3RQG�� 6WDGLRQ�3XEOLVKLQJ�
&RPSDQ\���

)HGHUDWLRQ� ,QWHUQDWLRQDOH� GH�
*\PQDVWLTXH�),*������D���Code of Points 
for Men's Artistic Gymnastics���

)HGHUDWLRQ� ,QWHUQDWLRQDOH� GH�
*\PQDVWLTXH�),*������E���Code of Points 
for Women's Artistic Gymnastics���

)HGHUDWLRQ� ,QWHUQDWLRQDOH� GH�
*\PQDVWLTXH� ),*� �����F��� Technical 
Regulations 2017 for Men's and Women's 
Artistic Gymnastics.  

)LQN��� +��� +RIPDQQ�� '�� 	� 2UWL]�
/RSH]��/�� ��������Age group development 
and competition program for Women’s 
Artistic Gymnastics�� )HGHUDWLRQ�
,QWHUQDWLRQDOH� GH� *\PQDVWLTXH� ),*� 0D\�
����� KWWS���ZZZ�ILJ�
GRFV�FRP�ZHEVLWH�DJHJURXS�PDQXDOV�$JHJ
URXS�ZDJ�PDQXDO�H�SGI� �$FFHVVHG� �� 0D\�
�������

)LQN���+��	�+RIPDQQ��'����������Age 
group development and competition 
program for Men’s Artistic Gymnastics��
)HGHUDWLRQ� ,QWHUQDWLRQDOH� GH� *\PQDVWLTXH�
),*� 0D\� ����� KWWS���ZZZ�ILJ�
GRFV�FRP�ZHEVLWH�DJHJURXS�PDQXDOV�$JHJ
URXS�PDJ�PDQXDO�H�SGI� � � � �$FFHVVHG� ��
0D\��������

*DYHUGRYVNLM�� .�� -�� ��������
*LPQDVWLþHVNDMD� HYROXFLMD�� IDQWD]LMD��
UHDOQRVW�� SHUVSHNWLYL� >*\PQDVWLFV�
(YROXWLRQ�� )DQWDV\�� 5HDOLW\�� )XWXUH@��
Gimnastika, 1,��������



$WLNRYLü�$���'HODã�.DOLQVNL�6���ýXN�,���$*(�75(1'6�,1�$57,67,&�*<01$67,&6�«�����������������9RO����,VVXH��������������
�

Science of Gymnastics Journal                                ���                           Science of Gymnastics Journal 
�

*URVVIHOG��$�� ��������&KDQJHV�GXULQJ�
WKH� ���� \HDUV� RI� WKH� ZRUOG� DUWLVWLF�
J\PQDVWLFV� FKDPSLRQVKLSV�� Sciences of 
Gymnastics, 6�����������

+RIPDQQ�� '�� �������� The use of 
methodical training equipment (“aids”) 
for the development of the prerequisites 
(flexibility, strenght, basic skills) and the 
limitation of the loads on the support – and 
motor system.� 3DSHU� SUHVHQWHG� DW� WKH� ),*�
0HGLFR�7HFKQLFDO�6\PSRVLXP�±�$SSDUDWXV�
DQG�,QMXULHV��7LDQMLQ��

.DUDFVRQ\�� ,�� DQG� ýXN�� ,�� ��������
Floor exercises – Methods, Ideas, 
Curiosities, History. /MXEOMDQD�� 67'�
6DQJYLQFNL��

Longines Official Results Book 2003-
2016�
�KWWS���ZZZ�ORQJLQHVWLPLQJ�FRP����J\PQD
VWLFV����$FFHVVHG���6HS��������

0DOLQD�� 5�0�� �������� (DUO\� VSRUW�
VSHFLDOL]DWLRQ�� URRWV�� HIIHFWLYHQHVV�� ULVNV��
Curr Sports Med Rep, 9��������������

0DOLQD�� 5�0��� %D[WHU�-RQHV�� $�'���
$UPVWURQJ�� 1��� %HXQHQ�� *�3��� &DLQH�� '���
'DO\�� 5�0��� /HZLV�� 5�'��� 5RJRO�� $�'���	�
5XVVHOO�� .�� �������� 5ROH� RI� LQWHQVLYH�
WUDLQLQJ� LQ� WKH� JURZWK� DQG� PDWXUDWLRQ� RI�
DUWLVWLF� J\PQDVWV��Sports Med, Sep, 43�����
���������

0F&UHDG\��5�� ��������For Olympic 
Athletes, Is 30 the New 20?�
KWWSV���YHQQJDJH�FRP�EORJ�RO\PSLFV��
�$FFHVVHG����-XO��������

0F1LWW� *UH\�� -�� �������� .LQHWLFV� RI�
WKH�ORZHU�H[WUHPLWLHV�GXULQJ�GURS�ODQGLQJV�
IURP� WKUHH� KHLJKWV�� Journal of 
Biomechanics, 26����������������

0RåQLN��0���+UDVNL��ä���	�+UDVNL��0��
�������� +HLJKW�� ZHLJKW� DQG� DJH� RI� PDOH�
WRS�OHYHO�J\PQDVWV�LQ�\HDU������DQG�������
Croat Sports Med J, 28�������������

1RUPLOH�� '�� �������� $JH� EHIRUH�
KRQHVW\"�Int Gymnast���������

1XQRPXUD�� 0�� �������� /HVĘHV� QD�
JLQiVWLFD� DUWtVWLFD�� SULQFLSDLV� LQFLGĊQFLDV� H�
PHGLGDV�SUHYHQWLYDV��Motriz, 8,��������

1XQRPXUD�� 0�� �������� Ginástica 
artística��6ăR�3DXOR��2G\VVHXV���

Official Website of the Olympic 
Games Results. Male and Female Artistic 
Gymnasts 2004-2016��
KWWSV���ZZZ�RO\PSLF�RUJ�RO\PSLF�UHVXOWV�
�$FFHVVHG���6HS��������

3DQ]HU��9�3�� ��������Lower Extremity 
Loads in Landings of Elite Gymnasts. 
'RFWRUDO� GLVVHUWDWLRQ�� 2UHJRQ�� 8QLYHUVLW\�
RI�2UHJRQ��

3DXO��-����������$JH�PLQLPXPV�LQ�WKH�
VSRUW� RI� ZRPHQ¶V� DUWLVWLF� J\PQDVWLFV��
Willamette Sports Law Journal, 7�������
����

5RVW��.���	�6FKRQ��5�� ��������Talent 
Search for Track and Field Events: 
Exercise Leader and Coach’s Manual for 
Talent Selection and Basic Training of 
Track and Field Events (Age Class 9 to 
14)�� /HLS]LJ�� *HUPDQ� 7UDFN� DQG� )LHOG�
$VVRFLDWLRQ��

5R]LQ��(�-���	�ýHEXUDHY��9�6����������
9R]UDVWQLH� L� URVWR�YHVRYLH� SRND]DWHOL�
XþDVWQLNRY� ;;,,� ROLPSLMVNLK� LJU�
*LPQDVWLND� ,� >,Q�5XVVLDQ@��Gimnastika��1��
�������

6DQGV�:�$��� 6ODWHU� &��� 0F1HDO� -�5���
0XUUD\� 6�5��� 6WRQH� 0�+�� ��������
+LVWRULFDO�WUHQGV�LQ�WKH�VL]H�RI�86�2O\PSLF�
IHPDOH� DUWLVWLF� J\PQDVWV�� Int J Sports 
Physiol Perform���7��������������

�
�
&RUUHVSRQGLQJ�DXWKRU��
�
$OPLU�$WLNRYLü�
)DFXOW\�RI�3K\VLFDO�(GXFDWLRQ�DQG�6SRUW�
8QLYHUVLW\�RI�7X]OD�
���2NWREUD���
������7X]OD�
%RVQLD�DQG�+HU]HJRYLQD�
H�PDLO��DOPLU�DWLNRYLF#XQW]�ED�
�
�
�
�
�
�
�
�
�



$WLNRYLü�$���'HODã�.DOLQVNL�6���ýXN�,���$*(�75(1'6�,1�$57,67,&�*<01$67,&6�«�����������������9RO����,VVXH��������������
�

Science of Gymnastics Journal                                ���                           Science of Gymnastics Journal 
�

�


