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Abstract - The exciting entertainment facilities draws lots of audiences. This combination of different directions and forces 
cause different excitement. Vertical drop tower was most popular facility which drove the rider from highest place to the 
lowest place within a very short period of time. Sudden changes in direction and force will affect people’s physiological 
response. However, different body compositions may have different effects when they ride vertical drop tower. The purpose of 
this study was to evaluate the effects of different body compositions on heart rate changes in different stages when the subjects 
rode in the vertical drop facility. Forty five subjects were recruited to take part in this study, and were divided into 3 groups: the 
obesity group, the normal group, and underweight group. All subjects put on k4b2, and took a rest for 30 minutes, and then 
rode in the vertical drop tower to the highest place, and remained still for 10 seconds (the initial stage), and then fell down to 
the ground within 3 seconds. Finally, the subjects were horizontally sent to the exit, and stayed at their seat, resting for 5 
minutes. Heart rates were acquired from k4b2 in initial stage, during the riding for the maximal heart rate, and 5 minutes after 
riding. One-way ANOVA followed by the Scheffe’s multiple comparisons procedure was employed to compare the 3 groups. 
Significant level was set at .05. The conclusions of this study are that normal body composition posses better autonomous 
nerve system to control their heart function when they confront tremendous pressure. Five times of gravity changed in 3 
seconds in vertical drop tower may be too great for people to react to in such short period time, but  the normal body 
composition and underweight  group had better cardiovascular function than the obesity group in recover rest heart rate. 
 
Index Terms - Amusement facility, Body composition, Heart rate change, vertical drop tower. 

 
I. INTRODUCTION 
 
Exiting activities for pleasure have changed a lot 
recently. To satisfy people’s desire for pursuing 
excitement, many sensational stimuli facilities are 
being developed, including vertical drop tower, 
rotation, speeding dive, gravitational acceleration, and 
so on. All these facilities quickly attract lot of riders 
and become very popular with young people. 
 
The magnitude of the acceleration directly changes 
participants’ physical reaction to the change. 
Moreover, different combination of directions and 
forces caused different excitement in the rider. All this 
facilities mainly speeded participants through the 
fixed runway in different directions and thus caused 
them to bear a longitudinal, horizontal, or lateral force 
by the interaction of inertia and gravity. 
 
Travelling from the highest place to the lowest point 
may affect human body tremendously because the 
direction of the route is parallel to the longitudinal axis 
of human body. The dramatic change of longitude will 
affect the cardiovascular system because the blood 
would accumulate in the lower limb and organ, and 
thus prevent the blood from returning to the vein and 
heart, reducing the blood output. Burton, Whinnery, & 
Hart [1]and Glaister et al [2] indicated that such 
situation would eventually lead to blood deficiency in 
the head and eyes, and cause the symptoms of blurred 
vision. Other physiologies such as red eye sickness 
(the eyes are filled with blood, making people find 

everything red), and loss of conscious (blood stay 
stagnant in the brain). To avoid such problems, Milnor 
[3] indicated that people would increase their heart 
rates and artery blood pressure to compensate for the 
deficiency in blood volume. As the speed increased, 
the participants got more pressure, and were 
consequently affected. That is, their physiologies, 
especially in cardiovascular and respiratory system. 
After the participants finished the ride, because of 
excessive stimuli their parasympathetic nervous 
system would slow down their heart rates and lower 
their blood pressure. 
 
There were many incidents happened when people 
were taking part in such excited ride. The main reason 
for the tragedy is heart problem. American Heart 
Association has made this warning: A ride on the 
roller coaster may trigger or aggravate heart disease 
difficulties. 
 
Vertical drop tower is a very popular and exciting 
facility, and always draws a lot of people to take part 
in it recently. Based on the previous discussion, people 
participate the vertical drop would change their heart 
physiologies. However, the obesity, the normal body 
composition, and underweight people are totally 
different in their cardiovascular functions. 
 
This study assumed that these three groups would have 
different reactions when they took part in the vertical 
drop ride. Therefore, the purpose of this study was to 
assess the effects for the people of different body 
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composition on heart rate changes in different stage 
when riding the vertical drop tower. 
 
II. PROCEDURE  
 
In the study, subjects were conducted in a vertical drop 
tower which was called ” Diving Machine G5” in the 
Janhusan Fancy World in Taiwan. This vertical drop 
machine gave the subjects 5 times of gravity within 4 
seconds. 
 
A total of 45 subjects were recruited to participate in 
the study, and according to their body compositions, 
they were divided into 3 groups: the obesity group 
(body mass index over 27), the normal group (body 
mass index is from 19 to 23), and underweight group 
(body mass index is under 18).  The subjects were all 
undergraduate or graduate students of an age between 
18 and 25 years old. Consent forms were obtained 
from each of them. 
 
In the beginning, all subjects took a rest for 30 minutes 
or more to relax until their heart rate settled to their 
resting heart rate, and every subject put on K4b2 to 
monitor their heart rate changes. The subjects rode in 
the Diving Machine G5. Then the Diving Machine G5 
rose to the highest place and remained still for 10 
seconds (initial stage). The vertical drop facility then 
fell to the ground within 3 seconds, and then the 
subjects were finally horizontally sent to the exit, and 
stayed at the seat for 5 minutes. Heart rates were 
acquired from K4b2 included in initial stage (HR1), 
during the riding for maximal heart rate (HR2), and 5 
minutes after the riding (HR3). One-way ANOVA 
followed by the Scheffe’s multiple comparisons 
procedure were employed to compare 3 groups. 
Significant level was set at .05. 
 
III. RESULTS AND DISCUSSION 
 
The basic information of subjects was showed in Table 
1. There were no significant differences among 3 
groups in age, height, and weight. 

Table 1 Basic information of the subjects 
＊means p <0.05 
After statistical analysis, the data showed that there 
were significant differences among 3 groups in initial 
stage and 5 minutes after the riding. The post hoc 
found that heart rate in the initial stage in obesity 
group was significantly greater than normal group, and 
also greater than underweight group. However, there 
were no significant differences among 3 groups in 

maximal heart rate. But heart rate in 5 minutes after 
riding of obesity group was significantly greater than 
that of normal group, and greater than that of 
underweight group. All statistical data were shown in 
table 2 

 
Table 2 ANOVAs and post hoc for different variables 

＊means p<0.05 
 
In the initial stage, the heart rates of the 3 groups were 
supposed no significant differences because the fear of 
the vertical drop in front of them should be the same. 
However, there were significantly differences were 
found, and the obesity group had higher heart rate than 
the other 2 groups. It means that the cardiovascular 
function of normal group and underweight group were 
better than that of the obesity group. Better 
cardiovascular function enables people to handle the 
situations they don’t confront before, and have better 
control over their fear. Shin [4] indicated that people 
with long term training showed a decreasing heart rate 
when they confronted different situations. Levy [5] 
also found that a person exercising regularly had a 
better control on the interaction of sympathetic and 
parasympathetic. 
We supposed that maximal heart rate during the riding 
was different among the 3 groups. However, the 
results indicated that there were no significant 
differences. Macor, Fagard, and Amery [6] showed 
that no matter what life style the subjects led, they all 
showed an increase in sympathetic nerve activities and 
a decrease in parasympathetic nerve activities under 
exercising status. However, this study showed that 
normal and underweight group had no significant 
differences in maximal heart rate under 5 times of 
gravity of vertical drop. This vertical drop tower gave 
all the subjects 5 gravity force in 3 seconds, and surly 
subjects may be able to react this impact suddenly.  
Therefore, 3 groups didn’t show significant 
differences.Heart rate in 5 minutes after the vertical 
drop showed significant differences among the 3 
groups. Post hoc showed that obesity group had higher 
heart rate than normal and underweight group.  
 
CONCLUSION 

 
1. Normal and underweight group posses better 

autonomous nerve system to control their heart 

 Obesity Normal underweight p 

 group group group  

Number 15 15 15  

Age(year) 21.7±2.1 21.2±1.9 21.4±2 .813 

Height(cm) 175.5±7 174.5±6.8 176.2±6.1 .787 

Weight(kg) 71.1±9.1 69.7±2 70.2±11.1 .918 
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function when they confront tremendous 
pressure 

2. Five times of gravity change in 3 seconds may 
be too great for people to react to. 

3. The normal and underweight group had better 
cardiovascular function than the sedentary 
group in recover rest heart rate. 
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