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The purpose of this study is to identify the characteristics of both backward walking (BW) 
and backward running (BR) and show the differences between two kinds of movements 
according to age. One 'hundred and four primary school children and varsity 20 students 
participated in this study. The SUbjects were divided into four groups. 15-meters-long lane 
was used in this experiment. All video pictures were manually digitized on Sony Motion 
Analyzer (SMC-70G). Cycles of motion in BW &BR were analyzed. The walking velocity 
didn't increase so with age in BW-test, but the results of BR-test revealed that running 
velocity increased with age. Step length was increased with age in each test. Step 
frequency of BR didn't increase with age. Step frequency in BW didn't increase with age. 
We categorized the form using examples from Miyamaru's procedure. BW was 
categorized to 5 patterns, and BR divided to 6 patterns. 
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INTRODUCTION: "Walking" is one of important exercises in our daily life, and we can't live 
freely without walking. And also "Running" is one of locomotions as a physical exertion tha t 
we can move faster. These movements were learned in connection with growth. We tend to 
take "Walking" and "Running" "Forward" movements, but we can do "Backward" walking and 
running. We often use backward walking and running (BW and BR) in sport. Whereas there 
are many studies about walking and/or running forwards (FR & FW), there are few about BR 
& BW. It is not clear how they appear and develop. The purpose of this study was to 
investigate the characteristics of these movements and show the difference of movements 
owing to age using biomechanical methods. 

METHODS: Eighty-four primary school children and 20 students in a university participated 
in this study. The subjects were categorized into four groups. (Group 1: 6-7 year-old [NS = 
32], Group 2: 8-9 year-old [NS =32]', Group 3: 10-11 year-old [NS =20], Group 4: 19-22 
year-old [NS =20]) 15-meters-long lane was used in this experiment. In BW-test, we didn't 
specify their steps. We tell them to run not at full speed but at speed that they don't fall down 
in BR-test. Number of steps and duration at Q-10 m was measured, and calculated step 
length, step frequency, and running velocity. Eight reflective markers were placed on the 
subjects Jeft-hand-side. Videotaping was carried out with VHS video camera (National AG­
400) operating 60 fields per second. The camera recorder was located on the left of the lane 
at a distance of 10 m, and the BW&BR movements of 7-10 m phase were videotaped. All 
video pictures were manually digitized on Sony Motion Analyzer (SMC-70G). Cycles of 
motion in BW &BR were analyzed. Analysis was carried out every two flames. Subjects wore 
hardhat for safety's sake. 

RESULTS AND DISCUSSION: In BW-test, less of increase of walking velocity according to 
age was shown. On the other hand, the results of BR-test revealed that running velocity 
increased with age. (Table 1) These data emphasis that we can do BW as fast as grown-ups 
at the age of group1, but the velocity of BR in primary school children is inferior to grown -ups. 
It was reported that FW appears before FR does because FR requires waist-down power 
and balance. This may be also the case for BW and BR Step length was increased with age 
in each test.(Table2A and Table2B) The increase of step length in SW owe to growing 
stature. In BR, waist-down power and balance contributed to increase of step length. Step 
frequency in BW didn't increase with age. It is reported that the step frequency of FW 
decrease with age. However, we couldn't find out this tendency from BW-test. Step 



540 ISBS 2005 / Beijing, China 

frequency of BR didn't increase with age. It was said that the transformation of step 
frequency in FR was unapparent through 2-20 years old. This result follows the report. 

Table1	 Means and standard deviations of velocity in backward 'running related to 
age and sex. 

Group I Group 11 Group III Group IV 
Velocity male 1.22±0.435 1.46±0.205 1.65±0.278 1.91±0.212 
(m/sec) female 1.07±0.229 1.15±0.221 1.48±0.175 1.91 ±0.211 
sex difference 
t value 1.1753 4.0181* 1.6252 0.0239 

* :significant at p<0.05 

Table2A	 Means and standard deviations of step length in backward walking related 
to age and sex. 

Group I Group 11 Group III Group IV 
step length male O.39±0.056 0.48±0.054 0.50±0.063 0.54±0.046 
(m) female 0.35±0.091 0.42±0.048 0.47±0.029 0.51±0.041 
sex difference 
t value 1.2654 3.2522* 1.6744 1.5424 

* :significant at p<0.05 

Table2B	 Means and standard deviations of step length in backward running related 
to age and sex. 

Group I Group 11 Group III Group IV 
step length male 0.41±0.077 0.48±0.079 0.52±0.072 0.63±0.071 
(m) female 0.36±0.074 0.44±0.053 0.51±0.064 0.63±0.035 
sex difference 
t value 1.3884 1.7126 0.4104 0.2148 

* :significant at p<0.05 

In BW-test, each group had 65% of stance phase and 35% of swing phase in a stride. Each
 
group showed about 40% of stance phase and 60% of swing phase in the BR-test. On the
 
other hand, the test showed a difference of flight phase. Flight phase of female subjects who
 
belong to group 1 and group 2 (about 6%) was shorter than other groups (about 25%). It can
 
be considered that the reason why female subjects who belong to group 1 and group 2 is
 
shorter than other groups is born from the lack of waist-down power and balance at landing
 
and at flight phase. We categorized the form using examples from Miyamaru's procedure,
 
which have an interest in arms swinging. BW was categorized to 5 patterns, and BR divided
 
to 6 patterns.
 

<BW>
 
A- Type: Shoulders and arms were swung little. The swing appears irregularly to keep
 

balance of upper extremity. 
B- Type: This type shows little swing of upper extremity. 
C- Type: In this type, negative swings of arms are shown with the arms flexed. 
D- Type: Shoulders and arms are relaxed and swung, but it is small swing. 
E- Type: Shoulders and arms are relaxed and swung positively. 
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Figure 1A BW form of each group. 

<BR> 
A- Type: Shoulders and arms were swung little. The swing appears irregularly to keep 

balance of upper extremity. 
B- Type: This type shows little swing of upper extremity. The arms are extended. 
C- Type: This type shows little swing of upper extremity. The arms are flexed. 
D- Type: In this type, negative swings of arms are shown with the arms extended. 
E- Type: In this type, negative swings of arms are shown with the arms flexed. 
F- Type: Shoulders and arms are relaxed and swung positively. The flexion of arms is well 

maintained. 

Figure 1B BR form of each group. 

In BW-test, more than half of subjects who belong to group 1 were categorized to A-Type or 
B- type. A lot of male subjects were categorized to B-Type or C-Type, and female SUbjects to 
B-Type. There were more than half of male subjects who were classified into D-Type and 
were classified into B-Type in group 3. All of the subjects who be'long to group 4 were 
categorized to E-Type. In BR-test, there were great differences between individual. However, 
all of the subjects who belong to group 4 were categorized to F=-Type. Group 4 showed the 
perfect form of BW and BR It suggests that BW and BR may develop over 111 -year-old. It 
was reported that FW was learned at 3 years old, and FR learned at 7 years old. Comparing 
with this report, BW and BR complete late. This is owing to the fact that BW and BR is not 
the movement in daily life. It can be considered that the reason why male subjects were able 
to develop the form faster than female subjects has a lot of things to do with their less anxiety 
of moving their body backward. 

CONCLUSION: It is reported that the form is near completion at 3 years old in FW, and at 7 
years old in FR On the other hand, the form of BW and BR may be developing at 11 years 
old. In BW-test, stance time and swing time of primary children were similar to grown-up. By 
contrast, the flight time of female subjects of group 1and group 2 was shorter than the other 
groups. T'he step frequency was same through all groups, and it had no difference between 
different age groups. 
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