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PURPOSE Using GPS data from actual field hockey matches, this study examined
the effects of position and substitution time on the physical performance of elite

female players. METHODS From 25 matches played in 2023, data involving 26 players
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were collected. Players’ positions were classified as forwards (FW), midfielders (MF),
and defenders (DF). Substitution times were segmented into 5, 10, and 15 minutes,
respectively. A two-way ANOVA was employed to analyze movement patterns across

different exercise intensities as influenced by player position and substitution time,
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followed by Bonferroni post-hoc tests for further detailed analysis. RESULTS Analysis
revealed that both position and substitution time significantly affected exercise
intensity. Notably, at a substitution time of 5 minutes, substantial differences were
observed in high-intensity movements, including the distance covered at high-

intensity and the frequency of high-intensity efforts. Furthermore, the substitution
time’s impact was particularly pronounced among forwards and midfielders.
CONCLUSIONS Findings suggest that shorter substitution times can enhance
players’ active movement, thereby supporting maintenance of tactical adjustments
and positively influencing overall performance. Implementing shorter substitution
times could be particularly beneficial for optimizing team performance, especially for
players in forward positions.
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Table 1. Characteristic subjects (Mean+SD)
Variables FW(n=06) MF(n=7) DF(n=7)
Age (years) 21.50+1.19 21.57+1.27 21.22+1.13
Height (cm)  163.87+£2.75  165.00+£3.95  163.59+2.68
Weight (kg) 55.37+2.89 57.57£3.40 56.20+3.15

Career (years)  8.22+1.59 9.53+£2.22 8.18+2.41

FW=forward, MF=midfield, DF=defender

Korean Journal of Sport Science 2024, 35(4), 609-615

238%

20234 digtul=ol A dPd 25709 EYHE 37 9 A5 7
of Fofst Ao AL GPSHHE B3 =AU GPSHH|
(OHCOACH Ultimate X4, Seoul, Korea)= 94 4% B¢ 74
107, 2249 1m o|WiZ 1~15Hz % 10Hz7} HHH o2 Wo] &
|=0] Aol 2 Folgh= AYPA(Crang et al., 2021)E E
2 &2 Aol = 10Hz GPS ZH|E A&ttt ojzte] 229
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= A5y EAEAA, tol, A%, E5A 5)°ll et JEE st
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2B S o1, GPSEH= A7) 308 A AQoA dds A
299} 6AA F5=(thoracic spine)oll EHFEA FolF=A] &2l
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I F8 AR 71861, 7] 89 A% 5713E B4 22 O
(OHCOACH data analysis program)& 83 X ¥Holo] =47k
2 433 HKim et al., 2018; Choi et al., 2023).
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et al., 2019).

:lolv

Lyl

A A
glo]g B4 2= SPSS 25.0(IBM Corp., Amonk, NY) T2 773
ol-&s¥ L, EA MY} A A Azt sk w19 A4 HA

Attt 5 A E50 gt Bl E APstr] YA o
BEAE A (Two-way ANOVA)S AAISFA L, Bonferroni A3

o AFAHS ANRETE FATES =052 AP

ot (2 o o

A

o AT 2023 Az AW F 254718 EAH ¥ A43A
8% e BEE o5, A5 Y o|5Ae, Axele
oJ5AN)H o5 AH(TAE, ALAE, 74, 144 1990 of|

L v A obr ] A8 vl wEAS A S
A3 A5 EA AZk] BE 25 BE B4

ZAAT Agu A A7kl wet &5 el % 2folE 24T 4
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Table 2. Analysis results of exercise intensity according to position and individual substitution time (Mean+SD)
Position S—_— Tow-way ANOVA
ariaole
FW MF DF mean F(p) post-hoc
53 91.38+17.35 96.24+19.43 95.75+47.96 93.91+28.44 position 8.249(.000)
Total 105 89.66+14.27 94.12+14.86 87.59+13.56 90.57+14.50 . 5510>15
distance substitution time 24.396(.000)
(meter) 15T 83.80+11.54 88.56+12.23 85.1111.83 85.81+12.00 MF>FW,DF
mean 89.02+15.28 92.95+15.86 88.01+24.55 89.89+19.28 Position*substitution time 1.399(.232)
Low o 38.77+£5.57 38.68+6.05 40.44+22.65 39.15+12.21 position 16.272(.000)
intensity 103 40.09+£5.13  40.95£5.89  42.02+5.16  40.95+5.46 betitution L7 000, 15,1055
distance |55 3873+4.5]1 42.81+4.89 43.5744.60 42.29+5.04 substiution fime A7 )DF,MF>FW
(meter)  an 39274521  4090+5.85 42.47+11.09 40.89+8.03 position*substitution time  3.308(.010)
Moderate 5% 55.96+9.00 57.01+9.52 60.30+32.91 57.33+18.09 position 18.467(.000)
; ; = 3847. 3248, 1647, 20+8.
intensity 102 56.38+7.78  59.3248.63 59.16+7.73  58.20+8.17 substitution fime 258(773)  DEMEFSEW
distance  15E 54204682 59.7047.48  60.16£6.98  58.74+7.46
meter .. L .
(meter) - an 55756811 S8.78:8.61 39.88:16.11 58.13+1179 Position*substitution time 1.911(.106)
High o 12.05+6.92 13.3948.06 10.65+£11.55 12.12+8.63 position 25.496(.000)
intensity 10 12.25£545  11.29+551  8.77+4.43  10.90+5.38 bstitution fime 20.808(000) 5710715
distance 151 10.43+4.55 8.89+438  7.63£3.63  8.61+4.21 B FW.MF>DF
(meter) - an 11774593 11124629  8.59:637 10462635 Position*substitution time 3.161(.013)
T 2.9143.62 2.47+2.94 1.86+3.40  2.52+3.39 position 25.343(.000)
Sprint 10X 3224293  2.15£2.12  1.89+1.89  2.46+2.46 .
distance substitution time 1.912(.148) FW>MF,DF
(meter) ~ 15% 274243 195:182  1.74%1.60  2.02+191
mean 2.99+3.12 2184231 1814216 2.33+2.62  Position*substitution time .798(.526)

Table 3. Analysis results of Movement Frequency according to position and individual substitution time

(Mean+SD)

Position Variabl Tow-way ANOVA
ariaole
FW MF DF mean F(p) post-hoc
High 54 0.84+0.40 0.92+0.44 0.69+0.44  0.83+0.43 position 39.413(.000)
intensity 104 0.83£0.30 0774030 0.65£0.29  0.76+0.30 betiution time 15.9630000) 51015
Effort 158 0.72+0.26  0.64+0.25 0.56+0.23  0.62+0.25 o FW,MF>DF
t .. . . .
(bouts) - an 0814034 0775035 0.614030 0734034 Position*substitution time ~3.625(.006)
5% 0.18+0.19 0.19£0.21 0.14+0.19  0.17+0.20 position 21.994(.000)
Sprint  10% 0224016 0.16:0.13  0.14£0.12  0.17+0.14 bstitution fime 3.055(047)
(bouts) 5% 0.19+0.14 0.1320.11 0.13£0.10 0.14+0.11 B FW=MF>DF
mean 0.20£0.17 0.16£0.15 0.13+0.13 0.16+0.15 Position*substitution time 2.621(.033)
S5 1.13£0.57 1.15£0.58 1.13+1.02  1.13+0.70 position 1.574(.208)

Acceleration 105 1.14£0.45  1.04+0.45 1.00£0.48  1.06+0.46 ubstitation fime 14.5890000) .
(bouts) 1582 096:041 0.97:042 0.92£042 0.94+0.42 - 5,10>15
mean 1.09+0.50 1.05£0.48 0.99+0.61 1.04+0.54 Position*substitution time 1.006(.403)

5?‘% 1.18+0.60 1.27+0.60 1.24+1.01 1.22+0.72 position 11 '727(.000)

Deceleration 105 1.1240.44  1.2540.50 1.14£0.50 1.17+0.48 betitation time 0.0140000) 5.10>15
(bouts) 1532 093+0.39 1214045 1.10£0.45 1.10+0.45 - ME,DF>FW
mean 1.10£0.51 1.24+0.52 1.14£0.62 1.16+0.55 position*substitution time 1.416(.226)
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(F=3.308, p=.010). 34 = olsAgN e A = = F3t
£ 5AHoE {93t Aol YegARHF=18.467, p=.000), 4l
A AP T2 F makel XA x A A7kl iE A4S
Z-gol s BAZHCE {7t ol7F YebA] 49ttt 14 E o]
AN 2R AT} AeuA] A7t W2 F Gt BAFCRE
o3t 2bo] 7} e tH(F=25.496, p=.000; F=29.808, p=.000).
Egh ZAAx AFA A7) T2 ASAEE A XHCE {9
gt 2ol 7b YERFTHF=3.161, p=.013). AZZIE o]F 7 2o A
= ZXA0 w2 F 83k BAHOE F3 Afo|7F YA T
(F=25.343, p=.000), A0A A7kl whE & ket ZAH x A
A A7kl 2 A5 AR = BAH R {93t xfo] 7} L}
UHA] ookt

A QAT QAo e olF 34 24

ZAAT A=A o] whet o]F S0 thgh Afo| & B A}, 1
Be 5E T AeaAo] 02 F a3k FAHoE fo
gk &}o]7F YERETH(F=39.413, p=.000,
EAAx AEaA Aol 2 J4S5AEE FAYOR |95t Ao
7} YEPETHE=3.625, p=.006). AZHE 314 X2 Mo o2 F
A= BAHCE Fo3 Aol 7t YEREAITHF=21.994, p=.000),
A A AZtol| B2 F 53 BAFOE |98 Afol7} e
U] okt 28y, EXA X AGIA Aol mhE AT ARgof A
= AR {93t Atol7t YN THF=2.621, p=.033). 7t
o A M G2 F g3l XM x A A A7t ot
2 J5a-go) A BAXHORE ot Aol7t YERR] okokar, A
A AP T2 F 53 BAHCE {ogt &jol7t YrEbgT
(F=14.589, p=.000). 7 o AE ER M} AL0A A7
2 3 a3t 5AHoE fogt Zo|7h YEREA|TH(F=11.727,
p=.000; F=9.014, p=.000), ZAA x AL A A7t -2 A5z}
Lo ME BAHoR {5t 20| 7} YERtA] ekttt

Fol A ThE AL AR A71NA EAME HA550) A A

ol wrebd £ 7wt wistEleA] opw wsht QxS
w7] 98] 7 A4 choek AaA| A7k 59t A7) A

LR AT F8 Ao 1) ZAMT HSTA

° 0% 4EH o 5AY U P4/7H4 5] JaFL HATH:

Aotk 2) B3] A%mA] Aol 58U A9o] 1AE ALl

G920l YU, 3) FASG =D EAM] JFL HF

T

,d
=2

]

371 % F olsAgE AF9 S4US B4t 712840,
FHS At A2 AAAAFH digh 583 o2
3] 5ol FHold AL 9ulstti(Jang, 2010). McGuinness et

al.(2021)9] o] W2y A E oz YEsty| AeES FE 7
787 A7)0 FoPe W HHFHO R 124.9m/ming o5,
EA A0 wgh xo] 7k drka sttt 0|9k o] B oA
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| EFE(92.9m/min)7t T2 4(89.0m/min)2} FH]4(88.0m/
min)°l ¥} & ol A} A Hetgty, AuA] Azto] 5EY
9 5 olEAH7t 93.9m/minZE 7MY B2 LEFS Bt o]
3t A= 7| AGnA MRS gA 832 W AFE &
2 Qo] oA, 5] FALet n|EdE 2AHY] A Ydo] &Y
AT AE AlAloHe AR HRlt. ogdt Adte S+ A
£ R g APATolA wAE AeEe] F7] A=t A U
Epdti= Aol digk A3kt dAg= 2E € 4 AHPan et al,,
2023; Mohr et al., 2003).

B3 1T olsAY W AXYE olzAe T2 I &
AL A7t 719 S0l 7lojsts A= 9 59 'L Uy
St IAZE AeHKim et al., 2019; Aquino et al., 2021; Linke
& Lames, 2016). 1= APATLE AW, Lythe(2008)
A A Qx7t A4e59] olsAg & Apol7t YEhA] ekttt
I Bttt SFARE £ AtolA= 1L o]F Ao SH|S
(8.6m/min)°l ¥l3] 3Z(11.8m/min)2 " EEE=(11.1m/min)
7} @ol ZZQl Ao & TSP, IHFE Jk F£H|5(0.613]/
min)°ll B3] F2Z4(0.8138]/min)2} B]=H=(0.773]/min)7} ©
ol Alstqitt. I8al A5nA] AjZke] 5EY wff 293 A%
7k 7V Eol o]Fojz AL FRlstrt. AZYE o5 A A=
ZA5(2.99m/min)7} [ EEE(2.18m/min)et $H]4=(1.81m/
min)Et @o] Z ¥, ALYE J¢r FAF)uEPT )
=08 FAL7L 7P AR E Bol Fd A& FRlsith o714 g

28 AL AFEet IFE o|sAe, IFE 35, AXYE 3]
oAl A AT} A=A AlZto] thgt B 2Hg-o] YEgth= Zlo]
. o] gt A= AH7]oA AL A] A BHA Z-85k= Aol A
T ZAQET = I E S90S AFH 0 R A thel] &4
obal, A& 24 ko] 7hset AHE | AAY 8 4
A 5lot=d Qo] W FFHCRE 8T 4= Slvh= A Al
. I3}, Linke®} Lames(2016)2] A-FollA] &gt ‘12 A
A 7Hfirst minute rush effect)’Ql WA & AH7]of| thA] Eoj7t A
7F 1% 3¢ B2 AYE Aot @] ek dFS A 29
e ACRE How, AEHolH &5 & Ushd 283 5,52 14
AlZto] BESH] A71oA AAE 248 1 FS o 4QUIHA
HEDoIA AAA, 71e4, JAAH Z5 FA0 axpdolgt= A&
Skt (Spooner et al., 2023).

23 A7) F 7S 9 AE2 ° AR 7oA AXYHE &5
3 Aol Jom(Cunniffe et al., 2022), BaF Aey} A H}
2 7H5e 35t AdiE e 5 e s¥olth(Vigh-Larsen
et al., 2018). & A+ ATE AWEH, 71 358} 744 Sl
AeuA AlZko] 5~108Y of 158 3¢t 3t HHE 22 9 A
Hop A= @o] A A& FRlstqltt. ole AfuA A %
A AERS W 7HHA SAAS JFH o8 Eioto] YE U=
2 4719 358 FHHLE M ¢ Stk A AR
gk 2 AFolA 7HE Slgo A= Zol7h QIUAIRE, mETBE(1.24
3]/min)et $2H14x(1.143]/min)7t 34 4(1.103]/min) Bt} &S
o g@o] AleE ™ ZAo=E Uetyth o]zt A= Cunniffe et
al.(2022)9] Aot 22 Az, 2 FASE WA 7} 7Sl A
WA B7] & T4 Alzte] Eolut AEol B w2 Y S AT
A71A] Zot vk A AL tHAEA FARIEA Yed datet &
SHr}. ol2igt MRS FA S Bt 3717 HeliAle 1
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A= A EFo|d(High Intensity Interval Training; HIIT) %
71& 2¥]7] 7|5t9] JJEE EfojdQ] ©H-& H At SSG(Small

Side Game)¥} 22 Edo|d& A= H&olo] ALE9] JF5E, &
AR A a 3 Ve S =ET et Sl
tHAlonso-Fernandez et al., 2017; Gokkurt & Kivrak, 2021;
Clemente et al., 2019; Selmi et al., 2020). 3}A|5F o]t =2
A2 Al "9 dg A a1 F7] gde) wet oE A3t
Uehd 7hs/de] 7] gl S5 F71H4R1 A7t 28T Zos
TaE. B3 B F aHoR 3hE FESHL, AT S
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H(Hodun et al., 2016; Vescovi & Frayne, 2015). @slAH, i
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