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Visual analog scale for assessment of vertical jump

Takaya YOSHIMOTO

The International University of Kagoshima

Yohei TAKAI

National Institute of Fitness and Sports in Kanoya

Abstract

We tested the feasibility of visual analog scale (VAS) for assessing vertical jump movement. The VAS consisted of 5
items (movement speed, trunk inclination, hip pull, knee position, leg push), based on the earlier findings concerning pre-
ferred jump movement. In experiment 1 (EXP. 1), we confirmed the internal consistency between each of VAS and the
corresponding biomechanical parameters (inclination angular velocity of the trunk and thigh, inclination angle of trunk,
horizontal distance of heel to hip, horizontal distance of toe to knee, vertical ground reaction force) determined by 3D
motion analysis and a force platform. To test the feasibility of the VAS, in Experimental 2 (EXP. 2), six physical education
college students (evaluators) watched videos of 9 individuals performing jumps and assessed their movements. In EXP 1,
individual’s VAS was significantly related to the corresponding biomechanical parameter (» = 0.79-0.94, p < 0.05). In EXP.
2, there were no significant differences in the scores of the VAS among the 6 evaluators. Jump height was positively
related to total score of the VAS. These current findings demonstrate that VAS adopted in this study may validate the

assessment of vertical jump movement.

keyword : VAS, countermovement jump, subjective and objective

1. #s CENTE, B O A EE 260 A HI0EEICT 5

BERHEDOF AR T4 7 ABIOFR AT 4 7 A% E L TIHRRKOBELZHRONS EBRTEHY, Salles et
HYL72DICE—YaryF T T —VAT L, B al. (2011) &, EaMEMNZ 0L L2hE, KRB
JEH A TRRITET R EVPHWLNTWS, £ Dk FREASB0RE, TORER X UN90BETIUE, 90EEAMd 2D
e T, MEkEZ S BRRTZODNA F AN =T X AEICHRE =7 7+ = ZAD/NEWICH DL ST, X
MZR DS 22 ST & 72 (Salles et al., 2011 ; DR Z MR TELEMELTWwD, XD &kl
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RIBEOFEBIN LW ERL$ S % VAS TaFiliL, 2@
HEETNV T A= BT 587 — L OBEE W] 5 %
LR, ROMERLTVERU 2B E T8
Tk bEPoT2ZEERE LTS, L2LAED
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729 AT o 7o WEDFERIZEILD, HESINE
(&, ABFZED BB & OEEBRANOSINE S fabtk
DT HALFIMZAT, FERSMOFE %2 HiT
F7zo AWFFETIE, VAS % v CHEEBE % 3§ %
# & BREEATAL . EHBEZ ATV, VAS CRMEi S 2
Bk & L TER L

iz
iz

1. #%A
(1) Visual analog scale DERK

KFPE Ei ofa88 1 % (BRBERFAG S, 4 E29m%)
B, JATAIA B X OHREEZIE D W CHRE Bk OBl 1Y
SR & G55 VAS #E L7z (FiglB X108 2). §
bbb, 1) HoJ)— W EEB R I B TR
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L, 2002), MR 2K & VI3 SRS X 51
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[JEdh - O FR X] %, 2) Vanrenterghem et al.
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FiowIE - Rl EEOH B R L Bk LA b h
72 (Yoshimoto et al., 2015) Z &2 5 [fRigofE X ] %,
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1. Movement Speed

2. Trunkinclination

3. Hip pull

4. Knee position

5. Leg Push

AN
\ 4

10 cm

Fig 1. Visual analog scale

ﬁ 5 £ URRO BREOFHE
vs. Lo HBAHRAAHDRES

2. KEORMERAE
vs. (A DIESE

| 3. JBA D KERT DBERE

4. DFEEM L REE DR vs. BRD5I&E

vs. ROALE

5. BKEEENMFRSDIARE HT- Y DRAHER N
vs. [ L

Fig 2. Correspondence between subjectivity and objectivity
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BORE ¢ BE RO X OB, BERUEEL 9.0
+ 1.3%E) ZBREEREiE L LC, Mgl Tk L/-E
Bk DML 2 IV CREBEO Rl 2 175 720 AFFE3 T
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T&E 5 2 EDEEDOFHII BT 2 WD D o 7272
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[OFhA»ORME N & [EEEOME ]
[ BREEEERE DR E S 72 ) O KM ] & [
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075 EChNIZBEMEIRTFTHLEEZOLND
(Vincent, 1995), 72, W2 B L3 D VASICH
VF % BEBERFA B O LR & AT ) 72012, WSO Rv—
TRED AN B LS ERKEZTT 72, TXTO
FEETLELL, FEMLELY 7 (IBM SPSS Statistics 20,
IBM Japan #) ZH W TiTo72. WTNOYE b fakk
L %KM 2 b o THAHIHEE L,

m #R
Table 135 X 0212, %8 112817 5 EEBkOBRIE =
EFATTAZABITFAT 4 7 AL OBRER

Table 1. Kinematics and kinetics during Vertical Jump

Variable Mean (SD) Range
Kinematics

Joint angle at the knee flexed. deg

Hip 127.4 (15.4) 110.8-160.4
Knee 99.2 (11.1) 81.9-116.1
Ankle 35.8 (6.6) 27.2-46.2
Trunk 63.8 (12.9) 47.2-91.4
Thigh -64.2 (5.3) -71.2-55.4
Lower leg 38.3 (7.3) 29.6-49.8
Distance at the knee flexed, cm

Distance knee to toe 6.0 3.7) 0.8-12.2
Distance hip to heel 3.9 “4.7) -5.8-8.4
Peak angular velocity from stand to flexion,” + 5

Hip 317.2 (93.8) 193.4-492.6
Knee 220.9 (43.3) 142.7-290.3
Ankle 83.1 (21.9) 51.2-118.0
Trunk 165.8 (65.1) 74.5-295.9
Thigh 390 (29.7) 11.7-93.4
Lower leg 740  (19.1) 50.2-97.3
Peak angular velocity from flexion to takeoff "+ %'

Hip 1037.8 (68.6) 566.2-799.0
Knee 1109.8  (100.2) 832.2-1156.6
Ankle 2282  (131.7) 939.0-1273.2
Trunk 497.9 (42.6) 179.8-314.9
Thigh 5422 (54.8) 388.2-569.6
Lower leg 1037.8 (60.5) 450.8-627.4
Kinetics

Ground reaction force, N 1614.6  (263.2) 1055.0-1600.2
Ground reaction force relative to BM, N/kg 19.3 (1.9) 16.4-21.6
Peak ground reaction force (N) 1614.2  (263.2) 1262.6-2002.9
Peak ground reaction force relative to BM (N/kg) 24.1 2.7 19.8-27.6
Vertical jump height (m) 40.9 (7.58) 29.3-54.2

Table 2. Relationship between vertical jump height and
kinematics and kinetics

Variable Correlation coefficient

Joint angle at flexed, deg R
Hip 0.69
Knee 0.21
Ankle 0.28
Trunk 0.67 °
Thigh -0.40
Lower leg -0.31
Distance at the trunk flexed, mm

Distance from hip to heel 079 "
Distance from knee to toe 075 "
Peak angular velocity from stand to flexion, " "

Hip 0.55
Knee 0.14
Ankle 0.25
Trunk 0.59
Thigh 079 °
Lower leg -0.002
Trunk and Thigh 0.68 °
Peak angular velocity from flexion to takeoff’,” +*"'

Hip -0.51
Knee -0.66
Ankle -0.54
Trunk -0.45
Thigh 0.51
Lower leg -0.61
Trunk and Thigh 0.72
Kinetics

Ground reaction force, N 0.45
Ground reaction force relative to BM, N/kg 081 °
Peak ground reaction force (N) 0.49
Peak ground reaction force relative to BM (N/kg) 0.79 "

*p<0.05
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T M BOE A, ARE R, KRB O R KR
FHE, R B X ORI O R E S W Ol
WA & K F o HigE, BOEEIEREOKRED 2 ) Oy
A S ) 3 & OV KT ROy & T Bk oo Bk & & T
WA EHBEBERESRD SN (r = 0.67~081, p
< 0.05)

1. VASOFFHliEF XY T A VABKVOFRT 17
A EDER

Fig 312, wHEBOBES, FAIT A 7 AB IV
FAT A7 AT =% L VAS OREHLE L OMFRE R
T HEBKD 3 BORITHICBF 5 ICC 130.79~0.99
THolzo HEBROBHE R & VAS OG5 & ORI
A ERMBERRD Sz (r = 093, p < 0.05),
Tz, RWIFEICBWCERERD /N7 + —~< V AITEE
LGB FARTAIABLOF AT A7 AL VASD
FHHOHE L OMIZIE, TXTOFH B TH &R AM
MR D BNz (r = 0.79~0.92, p < 0.05),

1. Movement speed 2. Trunkinclination

~250 y =32.26x-73.01 100 y=7.22x+25.01

b ~0.84° r=092" °

<200 ! ° ~ %

> =

5 % 80

6150 =2

3 y 3 70

5100 . <

Lh% $ < 60

g 50 50
0O+ 40 A

0123 45%6 7 8 910 0123456 7 8910

3. Hip pull 4. Knee position
14 8 y=2.29x-10.91
y=1.82x-2.36 —0.86"
12 Y e 6 r=0.86 °
- ~
£ 10 B S °
g 8 8 [ ]
2 <) Z
g 6 s
b 220123 56 7 8 910
o o
4 " °
2 6 °
0 -8
20 123456 7 8910 .9
5. Leg push 6. Total Point
29 50 y=4.59%+19.26
° r=093
B 5
B 25 5%
= =45 ®
< o
o B 40
[C) y =1.00x +20.25 35
21 ° r=079 30
[}
19— 25
012345678910 0123456782910
VAS (cm) VAS (cm)
*p<0.05

Fig 3. Relationships between motion of countermovement
jump and VAS scores
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2. ERBLS O E EEBOBKES & ORR

Fig 412, HEEBkOBREE S & VAS 12 X Z8Hii & O3
1RB X OBRBERTAM & [ 0 VAS OFEiZ 315 5 — Tk
BN ORERE R T o WIE 212 B1) ZFEEBD
BEEE s & VAS ORFll & o B3 A 7 72 AH B B AR A3 2
o (r =094, p <005 —ICHLE DS
DOFER, TRTOIHB BT 5 VAS O3 1%, Bk
FHIiE T CHBE R AEDRO LN o7 (p < 0.05),
Table 312, TEHLE & IEVEHLE O VAS I2BIT 54 A 2
T OBRE R . VBN & MR E E OO E % bR
CFRTOHH TERE EFERBEOZEA T LOM
WAXH B B BAR 2SR Sz (r = 0.67 ~ 0.98,
p < 0.05), Table 412, VAS 2B 5% X a7 Lk
HEDOBRERT ., TRCOBRBEHICBNT, %
237 LRARE L OMIIZAZERMEERIRD b
72 (r=0.74 ~ 1.00, p < 0.05)
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Fig 4. Relationships between height of countermovement
jump and VAS scores at non masking and masking

Table 3. Correlations between creator and non-creator

scores
Movement Trunk Knee
o Hip pull . Leg push
speed inclination position
Normal
B 0.88 ° 0.86 0.88 ° 0.88 092 °
C 0.67 " 087 ° 0.88 0.90 ° 098 °
D 0.84 ° 0.89 ° 0.87 ° 075~ 0.89 °
E 0.88 " 0.79 ° 072 " 0.63 0.80 °
F 0.84 ° 079~ 0.88 ° 0.88 077 °
* 5 <0.05




FEAR - @I Visual analog scale % F 72 T 1 BREIERR S O FFAN TR AR

3. N7 A=< AfERZER L 7= EELA O
CEEFOBER & DORF

Fig 412, EE Bk Bk & VAS OFHili & OBtk
X OBE RS [ o VAS @ 3R 2 B B —JoELE D
IR DFERE R T WEFE 31281 5 ko kg
& VAS Rl & O BN I3 A E R B BERED 5
iz (r = 087, p <0.05), —JCELHE DIHHT DG
B, TRTOFEHICBF 2 VAS OFFME, B
HFHMTHEBELRENPBRO LN o7z (p <0.05),
Table 412, VASIZBIF 5K A a7 LN L OMR
ERT . TRTORBEFGHEICBVWT, £AaAT7 LR
BREOMIZIABRLZMBEBERIRD SN (r=
0.76 ~ 1.00, p < 0.05),

Table 4. Correlations between each score and the total score

Trunk

inclination

Movement Knee

Hip pull Leg push

speed position

Normal

097 °
096 °
096 °
097 °
098 °
094 °

098 °
100 °
098 °
091 °
0.96 °
097 °

0.96 °
097 °
097 °
098 °
100 °
099 °

099 °
099 °
092 °
093 °
099 °
096 °

0.74 "
094 °
091 °
0.84 °
098 °
092 °

T mg O w e

Blind
096 °
095 °
100 °
099 °
098 °
087 °

099 "
0.87 °
1.00 °
092 °
095 °
0.89 °

098 °
094 °
oo ”
094 °
096 °
0.76 *

098 °
0.78 °
100 °
098 °
091 °
092 °

0.89 "
092 °
100 °
095 °
092 "
0.84 °

oA T D Q

*p<0.05
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&, EEE - RO, EEAR-YAOBEROT L
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WEHE Vo HEZBIF2Z LI2LY, KEOME
AR EN, ZORE, WFE L OXFLSHRS
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W7 Tu—FEHFII LA D, RFEN RN
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N #3250, LWIHERFORELLDOT
Tu—FHWEICHR S| (STEM 424, 2020) &\ 9
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FTH1IZ, EMM%RPGE (routine expertise) o FEED
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BLZE TbbBRNREE (intelligent
novice) (2% % Z ENHEL TN TWDE (TV—T—,
1997)

ZIT, HEOEMEEAERZ 722 % [H5 ]

Bk EF
ZHFITRB) (KER preep— /]\ ZFITHB FHhsE

- BHER0S ARSI \j\ i RYOTER

- HERE TR0 - JRAIEDEK

- ERIERDS B5ERTS > F RIEFEZOEE

- HELTHE AbE{EER Ij EEADEE

- METHS CiRREBE

* BIETHS {GRAEH

K2. ZEAREBRDSADUEREDFED
(Ae#d, 2019%—ERHE)



B (BIEIRER) B KOSk THD 77 ] (RO TE)
ARDOLNLDTHY (Kitamura, 2018), KFAEKF D
e, [M5] 28 %ML HOBERT S
RSB Z W IRET 2, PEEL LS L,
2019) (M2).
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78 % HE A 9 RIS T ) TR I R IRER I OB
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