Roller Coasters 1
Running head: ROLLER COASTERS

Wood or Steel: Which Material Makes the Taller and Faster Roller Coaster?
Hannah Ferris
Zhigang Li
University of Central Florida

Roller Coasters 2
Wood or Steel: Which Material Makes the Taller, Faster Roller Coaster?
Introduction
The United States joined the world in the great roller coaster race back in 1884 with the
opening of the first American roller coaster, the Gravity Pleasure Switchback Railway, at New
York’s Coney Island (Anderson, 1999). The country’s amusement parks continue to outdo each
other by claiming the fastest, tallest coaster in the world. In fact, former record holder Cedar
Point was outdone last year by Six Flag’s Great Adventure in New Jersey who now features the
Kingda Ka. This latest addition to the New Jersey park boasts a 418 foot drop with a maximum
speed of 128 miles per hour achieved in a mere 3.5 seconds (Marden, 2006).
Yet even though today’s amusement parks are featuring great steel giants like the Kingda
Ka, and former record holders like Cedar Point’s Top Thrill Dragster, Six Flags Magic
Mountain’s Superman the Escape, and Cedar Point’s Millennium Force these same parks also
own and operate many other roller coasters that do not boast such high altitudes. In addition to
Kingda Ka, Six Flag’s also opened a new wooden coaster El Toro that only attains a maximum
height of 181 feed and a top speed of 70 miles per hour (Marden, 2006). In the face of the
drastic differences between this new wooden and this new steel coaster, one would assume that
the average steel coaster would be significantly taller than the average wooden roller coaster.
According to Annenberg Media, “in general…they’re [wooden coasters] also not as tall and not
as fast, and they don't feature very steep hills or as long a track as steel ones do” (2006). Yet
when the larger roller coaster population is examined, steel coasters such as Kingda Ka and the
Top Thrill Dragster may turn out to be exceptions or outliers when compared to the average steel
coaster.
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It is also a well known fact that the latest record holding coasters use hydraulics rather
than conventional gravity to achieve such drastic record braking accelerations. Hydraulics are
the ideal coaster accelerators because they are able to store large amounts of energy and release it
quickly but with control. Yet a coaster like the Top Thrill Dragster will not clear the top of that
steep hill if the train it is suddenly filled with a group of rather large linebackers and the
computer controller is set for a lower level of hydraulic force (Hitchcox, 2005). Basic physics
teaches us that speed or velocity is equal the distance divided by the time. So it stands to reason
that there must be a relationship between the speed of a roller coaster and the roller coaster’s
height regardless of speed enhancing technology such as hydraulics.
Purpose of Study & Research Questions
Therefore, we set out to determine whether or not there really is a significant difference
between the average height of wooden roller coasters and the average height of steel roller
coasters in the United States. We also wanted to investigate whether or not there is a relationship
between a roller coaster’s height and the speed of a roller coaster.
Operational Definitions
We are defining a wooden roller coaster as “a roller coaster with laminated steel running
rails overlayed upon a wooden track” (Wooden Roller Coaster, 2006). While steel roller coasters
are coasters with steel rails and steel supports. The height of each coaster we researched is the
maximum height of the structure measured in feet while the speed is the highest speed reached
by the coaster measured in miles per hour.
Non-Experimental Research Method
Roller Coaster Database (www.rcdb.com) is a website that contains massive amount of
data about roller coasters around the world. In this study we randomly picked 43 wood roller
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coasters and 43 steel roller coasters in the United States from separate lists generated by the
database on rcdb.com. We wanted to create a stratified sample to ensure each subgroup of roller
coasters was equally represented. However, since the data of many roller coasters was not
complete, we only picked those roller coasters with the most complete data, such as: height,
length, speed, and the number of people per train. We first pulled out all the wood roller coasters
in the United States from the rcdb.com website, and randomly picked one of the roller coasters
from the list. If the roller coaster’s data was not complete, we would discard it and randomly
pick another one. The sampling procedure of steel roller coasters is the same with wood ones.
Results
Frequency Distribution
The frequency table (see Table 1) shows the locations of the roller coasters in the sample.
Our sample was taken from a total of 23 different states. The states with the largest
representation are New Jersey and Ohio. Together these two states account for 21% of roller
coasters in the sample. States with only one coaster in the sample are Colorado, Connecticut,
Kentucky, Massachusetts, Michigan, New Mexico, Oklahoma, and South Carolina. These states
only account for 9.6% of the roller coasters in the sample.
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Table 1
Measures of Central Tendency/ Variability
Since we will be comparing the height and speed of wooden and steel roller coasters for
our research questions, Table 2 shows the measures of central tendencies and variability for both
the height and speed of each type of roller coaster. The mean height of the steel coasters is
152.639 ft while the wooden coasters have a mean height of 101.200 ft. Already we can tell
there is an approximately 50 foot difference between the mean heights of steel and wooden
coasters. The medians of the two types of coasters are also far apart. The steel coasters have a
median of 149 ft while the wooden coasters have a median height of 95 ft which is a 54 ft
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difference. The medians also tell us that 50% of the steel coasters have a height greater than 149
while 50% of the wooden roller coasters heights are below 95 ft.
The speeds of the two types of roller coasters are similarly different. The mean speed of
the steel coasters is 62.923 mph while the mean of the wooden coasters is 54.544 mph. The
median speed of the steel coasters is 63 mph which is very close to the mean speed. This means
50% of the speeds of the steel coasters are less than the average speed of the steel coasters.
Similarly, the median speed of the wooden coasters is 53 mph which is not quite as close to the
mean as the steel coasters but still very close.
As far as variability the height of the steel coasters had a variance of 4301.902 ft and a
standard deviation of 65.589 ft which is a much greater spread than the variance of the height of
the wooden coasters which was only 1133.634 ft with a standard deviation of 33.669 ft. This
may be largely due to the inclusion of the Kingda Ka steel coaster in the sample. The Kingda Ka
is almost 200 feet larger than the second largest coaster in the sample creating a very wide spread
for the steel coaster data. Similarly, the steel coasters also have greater variability in their speeds
than the wooden coasters. The steel coasters have a variance of 213.084 mph and a standard
deviation of 14.597 mph while the wooden coasters have a variance of 71.794 mph and a
standard deviation of 8.473. Again the Kingda Ka has a speed that is almost 35 mph greater than
the next highest speed of the steel coasters in the sample which again may account for the large
spread of the steel coaster data.
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Table 2
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Boxplot
Since wood is not as strong as steel, we might infer that in general the height of wood
roller coasters is lower than the height of steel roller coasters. By analyzing the boxplot down
below (see Figure 1), we can find evidence to support our inference. As we can see from the
boxplot, steel roller coasters have a wider range of height than wood coasters. Both steel and
wood roller coasters have outliers. However, the height of the outliner of steel roller coasters is
about twice as high as the highest wood outlier. Regardless of the outliers, the top 50% of steel
coasters are higher than all of the wood coasters.

Figure 1
Bar Graph
When we were researching on rcdb.com, we noticed that California is on the top of the
list with 72 roller coasters. Florida, Ohio, Pennsylvania, New Jersey, New York, and Texas are
on the second tier with about 30-40 roller coasters each. We are interested to see if our sample
shows the same pattern. The bar chart (see Figure 2) below shows a somewhat similar pattern
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with what we discovered on rcdb.com website. California, New Jersey, Ohio, Pennsylvania, and
Illinois contributed roughly 50% of the sample size. The rest of the states together contributed a
bit over 50% of the sample size.

Figure 2
Histogram
Due to the natural characteristics of roller coasters, the height, length and speed of roller
coasters are determined by the designer’s intention and physical limits. It could be built either
high or low with fast or slow running speed. The physical specification of the roller coasters may
vary dramatically. This is also one of the constraints of our research. Although the skewness
(1.897) analysis indicates that the speed distribution of all roller coasters is positively skewed,
we can see from the histogram (see Figure 3) that the positive skewness is largely caused by an
outlier. It is apparent from the figure that the curve of the distribution is very sharp which
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matches the kurtosis (9.850). We can also see from the figure that most of the roller coasters run
at speed around 50-60m/h.

Table 3

Figure 3
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Independent T Test
Next a two tailed independent t test was conducted to determine whether the mean
heights of steel roller coasters and wooden roller coasters are indeed statistically different. An
alpha level of .05 is used and the null hypothesis states that the two means are equal. The
alternative hypothesis, therefore, is that the two means were not equal. Symbolically the
hypothesis would be stated as follows:
H0: !1 = !2
H1: !1 " !2
Of course our two populations are independent of one another meeting the first
assumption of the independent t test. However, both the steel roller coasters and the wooden
roller coaster heights are not normally distributed (see Table 2). The steel roller coasters’ heights
are positively skewed (2.299) with a very leptokurtic kurtosis (9.968). The wooden coasters’
heights were also positively skewed (1.324) with a leptokurtic kurtosis (3.005). Since the
boxplots revealed the presence of outliers for both populations, it can be assumed that they
probably had an effect on the normality of the distribution. So by removing the outliers (see
Table 4 and 5), the results of the Shapiro-Wilk’s test (W = .965, p = .227), skewness (-.012), and
kurtosis (-.741) allow us to assume that the height of the steel roller coasters is normal. The
Shapiro-Wilk’s test (W = .972, p = .431), skewness (-.209), and kurtosis (.747) results also allow
us to assume normality for the height of the wooden roller coasters.
As far as variability goes the standard deviation (45.922) of the steel coasters is almost
double the standard deviation (21.528) of wooden coasters even after the outliers were removed.
However, since the sample sizes were the same the violation will be minimal. Therefore, we
proceed with the independent t test.
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Table 4

Table 5
Levene’s Test for Equality of Variances (see Table 6) was met (F = 18.719, p = .000).
The test also revealed that the average height of a steel roller coasters (n = 42, M = 145.416, SD
= 45.921) is significantly different (t = 6.489, p = .000) than the average height of a wooden
roller coaster (n = 39, M = 93.041, SD = 21.528). We can therefore reject the null hypothesis.
The results also revealed a 95% confidence level of 36 to 68. The effect size was calculated
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using Cohen’s d was 1.443 which is very large. This provides the evidence to support
Annenberg Media’s claim that on average wooden coasters are not as tall as steel coasters (2006).

Table 6
Correlation
Theoretically, the higher the roller coaster, the faster it will go. However, there are many
other factors that might affect the speed of roller coasters, such as weight, angle of drop,
inversions, and friction. We are interested to see how strong the relationship would be between
the height and speed of roller coasters. The null hypothesis is that there is no relationship
between the height and the speed of roller coasters. The alternative hypothesis is that there is
relationship between the height and speed of roller coasters. An alpha level of .05 is used to
determine whether or not we can reject the null hypothesis. Symbolically the hypothesis would
be stated as follows:

The scatterplot down below (Figure 4) shows that there is a positive linear relationship
between the height and speed, which means the higher the roller coaster the faster it will go.
Since our samples are randomly selected from the population, we met both the linear relationship
and independence requirement, thus, we proceeded with conducting the correlation analysis.
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Figure 4

Table 7
The result of the correlational analysis (see Table 7) reveals that the correlation (r=.915,
p=.000) between the height and speed of roller coasters is statistically significant. Our p value
at .000 means that we are safe to reject the null hypothesis and thus there is a strong relationship
between the height and speed of roller coasters. Interpreting our effect size r2=.837 using
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Cohen’s rules of thumb, we have a large effect which means that there is a great practical
relationship between the height and speed of roller coasters.
Conclusion & Limitations
The findings of our research reveal that there is a significant difference between the
average height of wooden and steel roller coasters both statistically and practically. Although the
newest technology might allow us to design a wooden roller coaster higher and faster than a steel
roller coaster that was built fifty years ago, our findings suggest that in terms of height and speed,
wooden roller coasters still can not compete with steel coasters. Our results also show that there
is a strong relationship between the height and speed of roller coasters. The higher the roller
coaster is, the faster it can run. It also provides evidence to the law of physics which, as far as we
know, is irrefutable.
There are also some limitations of our research which should be taken into consideration
when reviewing our findings. The first is our sampling procedure, although we were trying to
randomly draw samples for both wooden and steel groups, we had to give up those roller
coasters that do not have complete data. We also choose roller coasters by type which may not
be representative of the population. Because we chose equal amounts of each type, our sample
may not reflect the fact that there are fewer wooden coasters than steel roller coasters in the
United States in general. The second limitation is that, according to rcdb.com, there are 3369
roller coasters around the world. So our sample size of 86 coasters in the United States though
large enough to make generalizations about the U.S. roller coasters, might be too small to
generalize to the world population. The third limitation is that there is a great variety in terms of
the height, length and speed of roller coasters. Roller coasters that were built very high and long
or very low and short, caused a great deal of outliers in our samples. These outliers kept the
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distribution of our samples from being normal. Also, when these outliers were removed they
caused our samples sizes to become unequal thus causing us to violate the third assumption of
the independent t test and affecting the validity of our results.
Future researchers can consider using other sampling methods and enlarging the sample
size. Since friction and weight can also affect the final speed of roller coaster, other factors such
as angle of drop, length, inversions and number of people per train can also be studied for their
relationship with the speed of roller coasters. They may also be interested in discovering how the
gap in the heights of wooden and steel roller coasters affects the overall numbers of wooden and
steel roller coasters in the United States like whether over time the number of wooden coasters
would decrease. We would also be curious to see how new speed enhancing technology will
change the correlation between the speed and overall height of roller coasters.
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