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PURPOSE: This study aimed to develop a Handball Academy Korea Physical Fitness Test Battery for youth handball athletes consider-
ing their characteristics using the Delphi/AHP method.

METHODS: After reviewing previous studies, an expert meeting was held to draft a battery. To select physical fitness variables, 17
experts with more than 10 years of research or coaching experience in related fields were invited. The contact validity of each variable
was verified using the 1st and 2nd Delphi surveys. A decision-making method based on the analytic hierarchy process (AHP) was used
to assign weights to each factor in the final physical fitness battery, which was selected based on the results of the Delphi survey.

RESULTS: Ten physical fitness factors, namely, length (CVR=1.00), weight (CVR=0.67), muscle strength (CVR=0.67), muscular
endurance (CVR=0.83), cardiorespiratory fitness (CVR=0.83), flexibility (CVR=0.67), power (CVR=1.00), agility (CVR=1.00),
speed (CVR=0.80), coordination (CVR=1.00), were determined. As test variables for physical fitness, height (CVR=0.83), arm span
(CVR=0.67), lean body mass (CVR=0.64), handgrip strength (CVR=0.83), push-up (CVR=0.67), 20 m shuttle run (CVR=1.00), sit-
and-reach (CVR=0.83), standing long jump (CVR=0.76), countermovement jump (CVR=0.67), ball speed (CVR=0.67), rollercoaster
run (CVR=0.83), visual reaction (CVR=0.83), 20 m sprint (CVR=0.83), and ball handling (CVR=0.67) were found to be valid.
Weight was calculated according to the relative importance of the determined variables.

CONCLUSIONS: The present findings indicate that the Handball Academy Korea Physical Fitness Test Battery can be used to evaluate
the physical fitness of youth handball athletes and select potential players.
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Step 3. 2nd Delphi survey Resurvey of the result of 1st delphi survey
Table 1. List of experts v
Major field of study n Step 4. AHP survey Calculation importance weight and priority rank
Exercise physiology 7
Measurement and evaluation 4 \ 4
Game analysis 3 Step 5. Results Development of evaluation model
Handball 3
Total 17

Fig. 1. Study design.
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Table 2. Process of survey

Step Method Content Period
1st Delphi survey Validation of measurement factors and variables 2022.05.27-06.10
2nd Delphi survey Validation of measurement factors and variables 2022.06.17-06.30
3 AHP survey Calculation of importance weight 2022.07.08-07.22
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Table 3. Example of an AHP questionnaire

A Ais more important — Equality — B is more important B
Height 5 4 3 2 1 2 3 4 5 Arm span
Height 5 4 3 2 1 2 3 4 5 LBM
Arm span 5 4 3 2 1 2 3 4 5 LBM

Table 4. Random index

n 1 2 3 4 5 6 7 8 9 10 11 12
RI 0 0 0.52 0.89 1.11 1.25 135 140 145 149 152 154
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Table 5. Validation of measurement factors

Factors M SD Mdn Q1-Q3 CVR Convergence Consensus  Stability Result

Length 467 049 50 40-5.0 1.00 0.50 0.80 0.11 Adoption
Weight 433 0.78 4.5 4.0-5.0 0.67 0.50 0.78 0.18 Adoption
Muscle strength 4.50 0.80 50 4.0-5.0 0.67 0.50 0.80 0.18 Adoption
Muscular endurance 4.58 0.52 5.0 4.0-5.0 1.00 0.50 0.80 0.1 Adoption
Cardiorespiratory fitness 450 0.67 5.0 4.0-5.0 0.83 0.50 0.80 0.15 Adoption
Flexibility 4.25 0.75 40 4.0-5.0 0.67 0.50 0.75 0.18 Adoption
Power 4.83 0.39 5.0 5.0-5.0 1.00 0.00 1.00 0.08 Adoption
Agility 5.00 0.00 5.0 5.0-5.0 1.00 0.00 1.00 0.00 Adoption
Speed 4.58 0.67 50 4.0-5.0 0.83 0.50 0.80 0.15 Adoption
Coordination 475 045 5.0 4.8-5.0 1.00 013 0.95 0.10 Adoption

M, Mean; SD, Standard Deviation; Mdn, Median; Q1-Q3, Interquartile range; CVR, Content Validity Ratio.

Table 6. Validation of measurement variables

Variables M SD Mdn Q1-Q3 CVR Convergence Consensus  Stability Result

Height 467 0.65 50 48-5.0 0.83 0.13 0.95 0.14 Adoption
Arm span 4.25 0.75 4.0 4.0-5.0 0.67 0.50 0.75 0.18 Adoption
Sitting height 373 1.10 40 3.5-40 0.46 0.25 0.88 0.30 Deletion
Body fat (%) 4.09 0.83 4.0 3.5-5.0 0.46 0.75 0.63 0.20 Deletion
Lean body mass 4.36 0.81 50 4.0-5.0 0.64 0.50 0.80 0.19 Adoption
Hand grip strength 425 0.62 4.0 3.0-5.0 0.83 0.50 0.75 0.15 Adoption
Push up 392 0.79 4.0 40-5.0 0.67 0.00 1.00 0.20 Adoption
20 m shuttle run 467 049 5.0 40-4.0 1.00 0.50 0.80 0.11 Adoption
Sit-and-reach 417 0.84 4.0 4.0-5.0 0.83 0.50 0.75 0.20 Adoption
Standing long jump 4.25 1.22 5.0 4.0-5.0 0.67 0.50 0.80 0.29 Adoption
Countermovement jump 433 1.23 5.0 4.0-5.0 0.67 0.50 0.80 0.28 Adoption
Ball speed 433 1.23 50 4.0-4.0 0.67 0.50 0.80 0.28 Adoption
Rollercoaster run 442 0.67 45 4.0-5.0 083 0.50 0.78 0.15 Adoption
Visual reaction 4.58 0.67 50 4.0-5.0 0.83 0.50 0.80 0.15 Adoption
20 m sprint 4.58 0.67 50 4.0-5.0 0.83 0.50 0.80 0.15 Adoption
Ball handling 4.08 1.17 4.0 4.0-5.0 0.67 0.50 0.75 0.29 Adoption

M, Mean; SD, Standard Deviation; Mdn, Median; Q1-Q3, Interquartile range; CVR, Content Validity Ratio.

Table 7. Weight of factors Table 8. Weight of body composition variables
Factors Weight Priority Rank Variables Weight Priority Rank
Physical fitness 617 1 Height 423 1
Body composition 383 2 Arm span 314 2
Lean body mass 263 3

) oFo =A5LE 0 22 LFEIITH Tables 5, 6).
orolglEoko 215]7](0670), T2E W 7)(0624) &0 F 7}32]7} A

o

3. AHP M2 Z7} ZEIRlch B W A A o) 7S Tables 7-99)
274001 7153 24 2k A1) ATZAIN IS B2 2Tk 2HE] AFAF AR Equation 62 F) A5G

AR et A2 ZYFue AFA BA AT A 55 o

(423), A =(314), AR H(263) 2O 2 7FA7F A=A Al & Equation 6

Aot 7122 A A3k 20 m AZHE(1328), ST A AE H/27]9 Body Composition (A) =.383*Y (Body composition variables*weight)

A|ZHES(1163), 20 m =2 ee2]7](1158), 2 AE(1100), & A1) Physical Fitness (B) =.617*Y (Physical fitness variables*weight)

E(1072), A= =o]5H71(1028), Al=te] He]H7](1000), ©F(0857), Total = (A)+(B)

318 | Min-Kikim, etal. « HAK Physical Fitness Test Model https://www.ksep-es.org



r

o
2

70P

U
n
Y
04
L
X
L

®
H
&
&
¢
H
g
g

B

=

2] 80-90% A2 =
1=

A~
T

=13
-

2A| =aL, o £

=2

=
=2 =2

A Al 7o) apEIch3). 98 o)

4-6 km

Priority Rank
78]

Weight
1328
1163
1158
.1100
1072
.1028
.1000
0857

https://doi.org/10.15857/ksep.2023.00094
Table 9. Weight of physical fitness variables

Rollercoaster run/Visual reaction

Variables

20 m sprint

20 m shuttle run
Ball handling
Ball speed

1o

el

HA| e GARR de] ARG AL Qlom (3]t

Al
T1

10

0670
0624

Countermovement jump
Standing long jump
Hand grip strength
Sit-and-reach

Push up

w
Cap
<p

13

Q1o 2 o AZIEH35].

2 3 A0js, A7) olg7], AlRle] Wels7)7} cie)

87t

A

2~
T

A
pul

ISCY

(¢}

&1 glom, 2 Htof A= 3l

3lo

=

SJ3ictk o= A @A A

|

RS

&
102

o
1l

88
S7HAIA 771

=
-

I8l A

o

9% 5

*

HE),

3L

20m £

=

(20 m FE2 7)),

=
H

), AT
(k) Del7), AR golsl7], 2 2

Delphi
A AR, 223

=

=]
il

)

el

X

-

—_
o

Nlo

fat
oF

or

-
ol
infl]
o|J
N

Al

of Aei8 Faw 7} EAA
t}

o}
i)

AN
2o,

gk Q.
SP7] 444]

9%

[

=

CELEELE
=

=

oFo
oro

[e]

=
=

-

23t Ao AmE

H
=
. == o] MLt eY | 319

5o} Ha = Algo] A2l
)

87k 7k o @i} o] 2ol ¢,

off A1A|

ok B71elo] g7 17t Ael=gick

17] 2|

=]

fLs
o

i}

| A0
|

pa
(=]

°

ofdo] A7|Eiick Aol
H7} 2 2mA AR gow ojug &

A

-Q
R

G
7] o

]

‘o] A7 1= Ak TRt EA o] upet 815

ol F2l7h glom dulda Aol B2} &

1

et 5
2

fL

78
ol

%7

=

o

Iy

AR

=
=

]

-

L

e
[¢]

717} 2] ARG, 2 Aol toliE:
e
o]

°

ERREERESY
ot e A5

BT} 7]
e
oo

2
X

q=
ofyt
of ¥

]

o}

L

(o3
S

2

=
="

}

A AL

e
=

Phvy

A

5

] Aol B8R fole] &

59 F2o] o] Fofx|7]

&
Qlt

)
(A
SFA

gl

A

A

ek 2|5 oJ4] 414} o}
2E0] 7}

fpolehs0),

Sl
i}

3L

I

=

jL

X
5171 o
ol 22l7], »
-es.org

i A= A%

T [24], 217

tax

pul

S
3

[€)
k)

Q-

27}

=8

LA

7
=

A F20m 2
& oA gAY A
Pt 4eu] 9] A
o /\]
“ge]

.

T

o] 2] 92 A2 Perem, AAYAT NN ATt 2 23|27} o
A

https://www.ksep

of el
#heE0] 7o}

3|

S

o
o
H Z
=
eH



EXERC SCI

Vol.32, No. 3, August 2023: 314-321

EXERCISE SCIENCE 2R2%

AlA| 2 El
%’SH A= PEfﬂ - 7H”L5} *Lxch A=, 21111“0
A28, 20 m RO, % WE, 2
E, Ak ol ), Akke] Wel7), ok, erobuBere =gl
FFSIT/ 7 2B ZA AT 2 BIsom, S 27
a5 o) bt 8 ol uet /4EA7} A 2wtk Ae oy
A7} o] A0] AHB L A AL S Aol A E
289 4 9l A0 Ykt

=

CONFLICT OF INTEREST

AUTHOR CONTRIBUTIONS

Conceptualization: JC Park; Data curation: JH Ahn, JC Park; Formal
analysis: JH Ahn; Methodology: JH Ahn, JC Park; Project administra-
tion: JC Park; Visualization: JH Ahn; Writing - original draft: JH Ahn,
JC Park; Writing - review & editing: JC Park.

ORCID

MinKi Kim https://orcid.org/0000-0003-2776-8231
Jong Chul Park http://orcid.org/0000-0002-2530-0339
Jee Hwan Ahn https://orcid.org/0009-0003-1745-2900

Soo-Hyun Park https://orcid.org/0000-0003-4808-0639

REFERENCES

1. Madruga-Parera M, Bishop C, Beato M, Fort-Vanmeerhaeghe A, Gon-
zalo-Skok O, et al. Relationship between interlimb asymmetries and
speed and change of direction speed in youth handball players. |
Strength Cond Res. 2019;35(12):3482-90.

2. Hermassi S, Schwesig R, Wollny R, Fieseler G, Van Den Tillaar R, et al.
Shuttle versus straight repeated-sprint ability tests and their relation-

ship to anthropometrics and explosive muscular performance in elite

- 320 | MinKiKim,etal. - HAK Physical Fitness Test Model

handball players. ] Sports Med Phys Fitness. 2018;58(3):1625-34.

3. Hermassi S, Chelly MS, Wollny R, Ho meyer B, Fieseler G, et al. Rela-
tionships between the handball-specific complex test, non-specific
field tests and the match performance score in elite professional hand-
ball players. ] Sports Med Phys Fitness. 2018;58(6):778-84.

4. Michalsik LB, Aagaard P, Madsen K. Locomotion characteristics and
match-induced impairments in physical performance in male elite
team handball players. Int ] Sports Med. 2013;34(7):590-9.

5. Michalsik LB, Madsen K, Aagaard P. Technical match characteristics
and influence of body anthropometry on playing performance in
male elite team handball. ] Strength Cond Res. 2015;29(2):416-28.

6. Jorge ML, Ivan BZ, Jestis SP. Inmaculada TQ, Elena P. Mediation effect
of age category on the relationship between body composition and
the physical fitness profile in youth handball players. Int ] Environ Res
Public Health. 2020;31(17):2350-65.

7. Kim MY. Collecting experts opinion for setting weight on fitness com-
ponents for constructing fitness score in health-related physical fitness
test: the application of analytic hierarchy process. Korea ] Sports Sci.
2011;20(3):1631-41.

8. Chung WC, Park JH. Apply Delphi research method for development
for art competition fair assessment scale. KSME. 2018;20(2):11-22.

9. Cho SS, Lee WY. Determining the order of priority of selection criteria
about naturalized foreign athletes as national players with delphi and
ahp methods. Korea ] Sports Sci. 2019;28(1):53-65.

10. Hong SJ, Lee GB. The calculation of weight factors for performance
evaluation of soccer through Analytic Hierarchy Process. KSME. 2017;
19(1):1-12.

11. Ozceylan E. A Mathemetical model using AHP priorities for soccer
player selection: a case study. SAJIE. 2016;27(2):190-205.

12. You KW. Degree of significance in evaluation of competency in soccer
game using fuzzy AHP. JKSSPE. 2013;18(1):223-35.

13. Yun YK, Lee YS. Hierarchical importance and structure of factors in
football performance. KSSP. 2006;17(4):87-100.

14. Kim JJ, Park IH. A comparative study on the selection method of soc-
cer player using AHP. KSME. 2020;22(3):63-76.

15. Song KW, Lee Y. Re-scaling for improving the consistency of the AHP
method. Social Sci Research Review. 2013;29(2):271-88.

16. Lawshe CH. A quantitative approach to content validity. Pers Psychol.
1975:28(4):563-75.

17. Buchheit M, Lepretre PM, Behaegel AL, Millet GP, Cuvelier C, et al.

Cardiorespiratory responses during running and sport specific exer-

https://www.ksep-es.org



https://doi.org/10.15857/ksep.2023.00094

EXERC SCI

cise in handball players. ] Sci Med Sport. 2009;12(3):399-405.

18. Schorer J, Cobley S, Biisch D, Brautigam H, Baker J. Influences of
competiton level, gender, player nationality, career stage and playing
position on relative age effects. Scand ] Med Sci Sports. 2009;19(5):
720-30.

19. Roland T, Gertjan E. A comparison of kinematics between overarm
throwing with 20% underweight, regular, and 20% overweight balls. ]
Appl Biomech. 2011;27(3):252-7.

20. Ronglan LT, Raastad T, Bergesen A. Neuromuscular fatigue and re-
covery in elite female handball players. Scand ] Med Sci Sports. 2006;
16(4):267-73.

21. Marques MC, Gonzalez-Badillo JJ. In-season resistance training and
detraining in professional team handball players. J Strength Cond Res.
2006;20(3):563-71.

22. Lee JK, Kim KR. Analysis on factors for deciding performance of
handball players by the factor of physical fitness. Korean Society Sports
Sci. 1997:6(2):169-82.

23. Kriiger K, Pilat C, Uckert K, Frech T, Mooren FC. Physical performance
profile of handball players is related to playing position and playing
class. ] Strength Cond Res. 2014;28(1):117-25.

24. Mellwig K, Friind A, Buuren E Schmidt HK, Treusch A, et al. Devel-
opment of maximum oxygen uptake in the members of the national
german mens handball team. German J Sports Med. 2009;60(1):4-6.

25. Aouadi R, Jlid MC, Khalifa R, Hermassi S, Chelly MS, et al. Association
of anthropometric qualities with vertical jump performance in elite
male volleyball players. ] Sports Med Phys Fitness. 2012;52(1):11-7.

26. Zapartidis I, Skoutas D, Vareltzis I, Christodoulidis T, Toganidis T, et
al. Factors influencing ball throwing velocity in young female handball
players. Open Sports Med J. 2009;3:39-43.

27. Debanne T, Laffaye G. Predicting the throwing velocity of the ball in

https://www.ksep-es.org

EXERCISE SCIENCE 2R2%

handball with anthropometric variables and isotonic tests. ] Sports Sci.
2011;29(7):705-13.

28. Lidor R, Falk B, Arnon M, Cohen Y, Segal G, et al. Measurement of
talent in team handball: the questionable use of motor and physical
tests. J Strength Cond Res. 2005;19(2):318-25.

29. Esfahankalati A, Venkatesh C. Relationship between psychomotor
variables and performance in elite female handball players. European
Academic Res. 2013;1(9):2574-85.

30. Zapartidis I, Vareltzis I, Gouvali M, Kororos P. Physical fitness and an-
thropometric characteristics in different levels of young team handball
players. Open Sports Sci J. 2009;2(1):22-8.

31. Miodrag S, Ante K, Natasa Z, Anne D, Damir S. Reactive agility per-
formance in handball; development and evaluation of a sport-specific
measurement protocol. ] Sports Sci and Med. 2015;14(3):501-6.

32. Manchado C, Pers J, Navarro E Han A, Eunsook S, et al. Time-motion
analysis in women’s team handball: importance of aerobic perfor-
mance. | Human Sport & Exerc. 2013;8(2):376-90.

33. Yoon ES, Song HS, Hand TK, Lee HS, Kim TW, et al. Reliability of
physical fitness assessment for children aged 4-6 years. Exerc Sci. 2021;
30(1):25-33.

34. Shin JY, Lee KH, Song HS, Chun BO. Relationship between Eyes-Hands
Coordination Test and Reaction Time Test: agreement of evaluation
standards. KSME. 2019;21(3):47-58.

35. Mohamed S, Souhail H, Roy J. Relationship between power and
strength of the upper and lower limb muscles and throwing velocity in
male handball players. ] Strength Cond Res. 2010;24(6):1480-7.

36. Cejudo A, Sainz P, Ayala E Santonja E Test-retest reliability of seven
common clinical tests for assessing lower extremity muscle flexibility
in fustal and handball players. Phys Therapy in Sport. 2015;16(2):107-
13.

2217 2| - M= opptH|o| MWIL =Y | 321



