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ABSTRACT

The purposes of this study were to investigate the development of dynamic visual acuity (DVA),
eye movement (EM), periphera vision (PV), and momentary vision (MV), as well as to exam
differences among different educational stages and baseball skill levels. Two hundred and twenty
two male subjects with different educational backgrounds (university, senior high, junior high,
elementary school) and baseball skill levels (international players, national players, non-athletes)
participated voluntarily in this study. All subjects first had to qualify through a screening process
that consisted of visual fatigue and static visual acuity, before measuring sports vision (SV) by
ATHEVISION software. Kruskal-Wallis one-way analysis of variance by ranks and Dunn’s
multiple comparison procedure were used to process al data. Results indicated that (1) 10-15
years of age had arapid increase period for sports vision, but 15-24 years old had a decline period.
(2) There was a dlight change after the junior-high stage in SV for nationa players and
non-athletes, but SV at the elementary stage was significantly lower (p<.05). The university stage
had the best SV for internationa players (p<.05). (3) International players SV was significantly
better compared to the other groups (p<.05), and the national players SV was significantly greater
compared to non-athletes (p<.05). The results suggest that visual abilities varied according to age,
and critical parameters between different educational stages and level players, particularly at the
university stage and €elite players. The findings, therefore, would apply to selecting potentia
players, to design avisual training program, and to improve baseball skills.

Keywords: sportsvision, development, DVA, softball
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INTRODUCTION

Visual ability plays an important role on performance in fast-ball sports such as baseball or
fast-pitch softball. Baseball or softball batters actually need to watch the ball for the whole of its
trgectory in order to hit it (Flyger et al, 2006). There are severa visua abilities such as static
visual acuity, kinetic or dynamic visua acuity, eye movement, depth perception, eye-hand
coordination, peripheral awareness, visual reaction time, visualization, focus or convergence
flexibility, contrast sensitivity, light sensitivity and visual concentration (Loran & MacEwen,
1997). Some of previous studies have shown the significant correlation between visua abilities
with performance in baseball players (Adams, 1965; Falkowitz & Mendel, 1977; Sherman, 1983;
Hoffman et al, 1984; Portal & Romano, 1988; Classe et al, 1996; Classe et a, 1997), the
significant difference among baseball player and non-athletes(Sanderson, 1981; Horner, 1982;
Rouse et a, 1988; Solomon, 1988; Berg & Kilian, 1995; Laby et al, 1996; Maeda & Tsuruhara,
1998a, 1998b), sports vision could improves by proper visua training or baseball training (Long
and Rourke, 1989; Long and Riggs, 1991; Maeda and Tsuruhara, 1998a, 1998b). Sports vision
should be have the best training effect, when baseball player trains their visual ability or baseball
skill at peak in developmental curve of sports vision. However, there is no study to analyze the
development curve of sports vision by age under skill levels so far. In order to demonstrating
hypothesis, the purposes of this study were to investigate the development of dynamic visud
acuity, eye movement, periphera vision, and momentary vision, as well as to exam difference
among different educational stages and baseball skill level.

METHOD AND MATERIAL

Subjects:

222 male subjects (age range from 10 to 26 years old) with different educational stages
(university, senior, junior, elementary) and baseball skill levels (international players, nationa
players, non-athletes) participated voluntarily this study. Background of subjects was shown in
Table-1.

Table-1: Age, sport experience, VF and SVA of four groups.
Age Experience VF

SVA SVA

Stages n

(yr)

(yr)

(H2)

(L-eye)

(R-eye)

University
Senior-high
Junior-high
Elementary

20.80+1.91
16.77+1.02
14.66+1.29
11.16+0.98

10.98+1.78
7.32+1.60
3.83+2.62
1.18+0.98

32.47+5.31
29.51+4.02
29.04+4.87
28.76+5.22

1.29+0.30
1.35+0.46
1.17+0.26
1.15+0.28

1.31+0.38
1.34+0.42
1.16+0.49
1.17+0.31

Measure procedural:

All subjects tested visual fatigue (VF), static visua acuity (SVA), and sports vision at indoor in
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one day, respectively. All tests were conducted before regular baseball practice session. Subject
alowed to practice in each test until they totally understand measure procedural. Subjects
allowed wear a glasses or contact lens at al of tests. In order to screen qualify subjects, visua
fatigue device and Landolt C table were used in this study. In VF test, Red dot shows at different
frequency in the center of monitor. Subject requested to identify when red dot flash at certain
frequency. Frequency reflects VF level. Standard SVA measure procedural was conducted by
using Landolt C table. After statistical analysis of one-way ANOVA with repeated measurement,
it showed that there is not significant difference among groups in VF and SVA of both eyes
(p>.05). The result was shown in table-1. It indicated that subjects have similar visua condition
before DVA test.

ATHEVISION commercia software (Windows version vol.1, Asics Corp. Japan) was used to
measure dynamic visual acuity (DVA), eye movement (EM), peripheral vison (PV), and
momentary vision (MV). DVA was defined the ability to discriminate the fine part of a moving
object, subjects required read numbers that move at high speed. DVA measured to read one-digit
numbers that move rapidly. The moving number changes twice during a test, so subject should be
recognize three numbers and enter the three numbers in order of appearance. The numbers move
in four directions, right, left, down, and up, which showed by DVA-right, DVA-left, DAV-down,
DVA-up. DVA measurement showed as figure-1.

Figure-1 DVA measurement Figure-2 EM measurement

Figure-3 PV measurement Figure-4 MV measurement

EM was defined the ability to switch the visua line quickly, subject required identify two types
of symbols that flash randomly at various places on the screen. Subject need to answer the
3



position where the symbol m changes to e. EM measurement showed as figure-2. PV was defined
the ability to ensure a broad visua field, subject required identify two types of symbols that
appear around a number at center of the screen. Subject need to answer the center number firstly,
and then the two directions that including the symbol e. PV measurement showed as figure-3.
MV was defined the ability to assess a situation in a moment’s time, subject required repeat a
symbol pattern displayed momentarily. The two types of symbols are displayed in the 3x3 table.
Subject need to answer symbols that are assigned to cells. MV measurement showed as figure-4.

Testing score by ranks was gave depend on subject’s ability from 1 to 10. The DVA was
calculated by DVA-right, DVA-left, DAV-down and DVA-up. Then sports vision was sum up
DVA, EM, PV and MV. The calculated formul as showed as below.

DVA = DVA-right + DVA-left + DVA-down + DVA-up
Soorts Vision = DVA+EM+PV+MV

Satistics:

Kruskal-Wallis one-way analysis of variance by ranks and Dunn’s multiple comparison procedure
were used to process all data. The accepted level of significance was set a 5%. The data are
presented as means = SD. All statistics were analyzed by SPSS 12.0 version.

RESULTS

Development of sportsvision in baseball playersby age:

Baseball players (n=149) were analyzed for the developmental curve of sports vision by age. The
results were showed that (1) 10-16 years old was rapidly developmental period for DVA, 16-24
years old was decline period. Showed as Figure-5. (2) EM increases during the period of 10-14
years old, but decreases after 15 years old. Showed as Figure-6. (3) There was dlight change in
developmental curve of PV. It dlightly decreases after 14 years old. Showed as Figure-7. (4)
10-14 years old was rapidly developmental period for MV, 14-24 years old was decline period.
Showed as Figure-8. (5) 10-15 years old was rapidly increase period for sports vision, but 15-24
years old was decline period. Showed as Figure-9.

vAd
\E]
-~

Figure-5 DVA developmental curve Figure-6 EM developmental curve
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Figure-10 Difference of visual ability in international players (* p<.05)
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Difference among educational stages:

After analyzing data of all subjects (n=222) by Kruskal-Wallis one-way analysis of variance by
ranks and Dunn’s multiple comparison, the results reveal that (1) International players at
university stage have significant better DVA and SV than at other educational stages (p<.05), but
PV at junior-high stage significant better than that at university (p<.05). Showed as Figure-10.
(2) For national players, DVA, PV, MV, and SV at elementary stage were significant worst than
those at other stages (p<.05). Showed as Figure-11. (3) For non-athletes, EM, MV, and SV at
elementary stage were significant worst that those at other stages (p<.05). Showed as Figure-12.

24 r

20 *

*

8

4 * *
DVA EM PV MV

Figure-11 Difference of visua ability in nationa players (* p<.05)
(Whiteis elementary, gray isjunior, deep gray is senior, black is university)
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Figure-12 Difference of visua ability in non-athletes (* p<.05)
(White is elementary, gray isjunior, deep gray is senior, black is university)

Difference among baseball skill level:

After analyzing data of all subjects (n=222) by Kruskal-Wallis one-way analysis of variance by

ranks and Dunn’s multiple comparison, the results indicated that (1) international players at

university and at elementary has significant the best DVA (p<.05). Baseball players at

senior-high, including international level and nationa level, has significant better DVA than
6



non-athletes (p<.05). Showed as Figure-13. (2) international players has significant the best EM,
except that at senior-high (p<.05). Showed as Figure-14. (3) international players at elementary
and at junior-high has significant the best PV (p<.05), but nationa players at university has
significant the best PV (p<.05). Showed as Figure-15. (4) non-athletes at junior-high and at
university has significant the best MV (p<.05). Showed as Figure-16. (5) international players at
elementary, at junior-high, and at university has significant the best SV (p<.05). Showed as
Figure-17.

15 5
* *
12 4
* * * *
9 — [ —] — 3 —
g . ¥,
3 1
0 0
Elem Juni Seni Univ Elem Juni Seni Univ
Figure-13 Difference DVA among levels Figure-14 Difference EM among levels
5 5
* *
*
4 4
* ] * * I
3 8
2 2
1 1
0 0
Elem Juni Seni Univ Elem Juni Seni Univ
Figure-15 Difference PV among levels Figure-16 Difference MV among levels
* * *
25
20
15 ]
8
8
10 -
sl
ol
Elem Juni Seni Univ

Figure-17 Difference SV among levels

(White is non-athletes, gray is players, black is elite players)
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DISCUSSION

The purposes of this study were to investigate the development of dynamic visua acuity, eye
movement, peripheral vision, and momentary vision, as well as to exam difference among
different educational stages and baseball skill level. The results indicated that (1) 10-15 years old
was rapidly increase period for sports vision, but 15-24 years old was decline period. (2) There
was dlight change after junior-high stage in SV for national player and non-athletes, but SV at
elementary significant the lowest (p<.05). University stage has the best SV for international
players (p<.05). (3) International players has significant the best SV than others (p<.05), and
national players has significant SV than non-athletes (p<.05). The findings suggested that visual
abilities were vary by aging, and were critical parameters between different educational stages
and level players, particular at university stage or in elite players.

Sports vision is based on severa ahilities, including DVA, to make eyes follow moving things,
EM, to switch eyes in a moment, PV, to secure a wide range of vision, and MV to make sure of
the situation momentarily. Each ability is plays an important role in baseball. For instance, DVA
and EM are important in baseball, which require an ability to capture a ball that moves at a high
velocity. DVA is considered one of the most important visual ability for baseball. DVA was
defined as the ability to resolve detail when there is relative movement between the observer and
the target object (Hoffman et a, 1981). In other words, DVA is the ability to discriminate the fine
part of a moving object. Burg (1966) carried out a study on change in DVA with age. After
measuring static and dynamic visua acuity of 17,500 male and female, found that both static and
DVA declined with age. The decline in DVA was greater than that of static visual acuity. The
decline in DVA accel erated as age increased.

Moreover, Long and Crambert (1990) compared the DVA of a group of young adults with that of
a group of older adults at two levels of luminance and found that the DVA of the young adults
was superior to that of the older adults under all conditions. They speculated that the decline in
DVA with age resulted from the changes in the optical system rather than from post-retina
changes. These studies suggested that DVA declines with age. The static visual acuity of infantsis
considered to develop rapidly after birth until age 5 when it reaches a level close to an adult’s
static visual acuity (Mayer and Dobson, 1982). According to results of Ishigaki & Miyao (1994),
DVA devel oped between the ages of 5 and 15 years, and after reaching a peak at 15. It declined at
a constant rate without show a plateau. That study also speculated that DVA components are
susceptible to the aging process, as DVA begins to decline immediately after maturity whereas
static visual acuity stays at a constant level until around age 40. Comparing DVA of men and
monkeys, Barmack (1970) identified foveal activity, oculomotor control, and parafoveal acuity as
possible components. Hoffman et a (1981) compiled literature on dynamic visual acuity and
stated that power of the retina, peripheral awareness, oculomotor abilities, and psychological
characteristics were related to DVA.



Hoffman et al (1984) reported an increased ability to detect small differences in luminance
between an object and its background (contrast sensitivity) in baseball players compared with
general population. Solomon et al (1988) described better dynamic depth perception (stereoacuity)
in mgor league batters than in pitchers. Furthermore, Laby et al (1996) found that visual acuity,
contrast sensitivity, and distance stereoacuity of professional baseball players are superior to
those of the general population and also show differences between maor and minor league
players. Those studies have similar result with this study. These findings suggested that visua
abilities are important to baseball players who with better skill. Bahill and LaRitz (1984) studied
the ability of a batter to watch a pitch com toward the home plate, and found that batters were
able to follow a pitch only to within 5 feet of the home plate. Because the angular velocity of a
pitch was about 500 degrees per second as it crossed the home plate, whereas the fastest eye
movement was about 150 degrees per second. In general, a batter has approximately 400 msec
from the time a pitcher released the ball until it cross the home plate. 200 msec. was needed from
the time a swing was initiated until the bat crossed the home plate. Thus a batter would have to
decide within the first 200 msec. whether or not swing after visual process of a pitch. Expert
baseball players fixated during wind-up on the anticipated release point of pitcher and then, after
a latency of about 150msec. following pitch release moved their eyes to the oncoming ball.
Novice batters tended to move their eyes before release point, such as the pitcher’s head (Shank
& Haywood, 1987). Performance differences in hitting may be partially attributable to these
differences in visua abilities. Therefore, the better visual abilities baseball players have, the
much time to recognize the pitch detail such as speed, trgjectory, and location.

To sum up, the results suggested that the period of 10-15 years old was rapidly increase period,
but 15-24 years old was decline period for sports vision. It reflected that the age of 14 or 15 might
split the tendency of the sports vision. Visua abilities were vary by aging, and were critical
parameters between different educational stages and level players, particular at university stage or
in elite players. The findings, therefore, would apply to select potential player, to design visua
training program, and to improve baseball skill.
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Developmental Characteristics of SportsVision in Baseball Players

Ya-Chen Liu
Office of Physical Education, Chu-Hwa University, Hsin-Chu City, Taiwan.

Abstract

Visual ability plays an important role on performance in fast-ball sports such as baseball or
fast-pitch softball. The purpose of this study was to investigate sports visions of development and
difference among baseball players. 240 male subjects with different educational stages (university,
senior, junior, elementary) and baseball skill levels (international players, national players,
non-athletes) participated voluntarily this study. All subjects tested visual fatigue and static visua
acuity for screening qualify subjects, before measuring dynamic visua acuity (DVA), eye
movement (EM), peripheral vision (PV), and momentary vision (MV) by ATHEVISION software.
DVA was defined the ability to discriminate the fine part of a moving object, subjects
required read numbers that move at high speed. EM was defined the ability to switch the
visual line quickly, subjects required identify two types of symbols that flash randomly at
various places on the screen. PV was defined the ability to ensure a broad visual field,
subjects required identify two types of symbols that appear around a number at center of
the screen. MV was defined the ability to assess a situation in a moment’s time, subjects
required repeat a symbol pattern displayed momentarily. Kruskal-Wallis one-way analysis of
variance by ranks and Dunn’s multiple comparison procedure were used to process all data. The
results indicated that (1) EM and MV are dramatically development after junior high school in
national players and non-athletes (p<.05). International players at university stage have better DVA
and EM than international players at other educational stages (p<.05). Elite players have different
sports vision of developmental pattern. It might caused by high intensity practice for along period.
(2) Baseball players not only have better PV than non-athletes at junior stage, but also have better
DVA than non-athletes at senior stage (p<.05). At university stage, international players have better
DVA and EM. It reflected that sports vision is a significant factor for selecting into national team
and competing in international championship. The results suggested that DVA and EM are vary by
aging and are critical parameters between different level players, particular in €elite players or at
university stage. The findings, therefore, would apply to select potential player, to design visua
training program, and to improve baseball skill. (The research, NSC 95-2413-H-216-001, was
financially supported by Nationa Science Council, Taiwan, ROC)
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