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Introduction 
October 2018 will mark the 40th anniversary of the Hawaii Ironman. The first Ironman 

took place on Oahu in 1978, and the swim bike run sport of triathlon began. The Kona Ironman--
the Ironman World Championship--was moved to Kona in 1981. In 1983, the first big-city 
triathlon, a shorter-distance event, was organized in Chicago. Prize money was introduced for the 
podium contenders at Kona in 1986, and NBC took over the annual television coverage from 
ABC and produced Emmy-winning programming of the Ironman during the 1990s. The first 
non-American athlete won Kona in 1994, and triathlon debuted in the Sydney Olympic Games in 
2000 with great success. Ironman is still in its infancy as a sport, but it has a large base of fans 
and competitors around the world. The sport went from being a challenge amongst friends to 
something that thousands of people make their career out of and dedicate their lives to.  

In the last 40 years, an industry has grown up around triathlon. From the first triathlon-
specific wetsuit and triathlon-specific bike, to the now ubiquitous aerobar and the heart rate 
monitor, the technologies and training methodologies for competing in triathlons have evolved 
immensely. While a professional triathlete’s income is still small compared to athletes involved 
in other professional sports, these top athletes now have access to a team of people and 
specialized facilities that allow them to train and perform at their best. Arguably, the triathletes 
of today train harder and smarter than ever before, and they have the tools to perform better at 
the Ironman World Championship in Kona, the race that started it all.  

We think that as the global participation rates and visibility of triathlon, and the career 
incentives of the sport of have increased greatly, that the Kona Ironman has become more 
competitive and faster over the years. We hypothesize that each year the race has gotten faster 
and the winning male and female times have decreased. Also, we think that the race has become 
more competitive among the elites, meaning that the mean finishing time of the top ten male and 
female competitors have decreased. 

In our statistical analysis we will test the hypothesis that the elite field has become more 
competitive in Kona by comparing winning and top ten finishing times in the men’s race and 
women’s race to each other, by year. We will also compare the trend in top ten finishing times 
between the two fields to see if a relationship exists between male and female finishing times.  
 
Methods 
 Data on top ten male and female finishing times at Kona from 1982 to 2014 were 
collected from Slowtwich.com’s finishers archive database 
(http://www.slowtwitch.com/News/Top_Ironman_Hawaii_Finishers_Archive_58.html). Before 
1982, the sample size of participants was not large enough to be statistically significant. In the 
early days, the race was less about winning and being competitive, and more about finishing and 



 

 

seeing if covering 140.6 miles was possible in a day. Top ten finishing times from 2015 to 2017 
were collected from the Ironman franchise’s official Ironman Kona Results webpage 
(http://www.ironman.com/triathlon/events/americas/ironman/world-
championship/results.aspx#axzz50h3CsEdu). This data was organized in a Microsoft Excel 
spreadsheet and uploaded to the RStudio software used to perform statistical analysis. 
 
Results 
 We tested the hypothesis that the slopes of finishing times for the top ten competitors at 
Kona in both the male and female field over the years is zero. Each year from 1982 to 2017 is the 
explanatory variable to the response variables that are the times of the top ten competitors. Our 
alternative hypothesis is that a relationship exists between year and finishing times: there is a 
linear negative relationship between finishing times and year. Figure 1 below displays the scatter 
plot of top ten male finishing times in Kona each year. Figure 2 below displays the scatter plot of 
top ten female finishing times in Kona each year. 

 
Figure 1: Men Kona Finishing Times     Figure 2: Female Kona Finishing Times 
 We observe in figure 1 that top ten male times decreased dramatically from 1982 to 
around 1996, but then there was a period of slower times before the times decreased again. A 
similar pattern seems to exist in the female top ten finishing times scatter plot. These 
distributions are clearly not linear, so a test for linear regression would not be appropriate from 
1982 to 2017. However, a linear negative relationship appears to exist between times for both 
races between 1982 and 1996 and then again from 1997 to 2017. We will run two linear 
regression tests for each field and then compare the slopes and correlation coefficients and see if 
a relationship is statistically significant.  
 The summary for running a linear regression for men’s top ten times from 1982 through 
1996 gives us a prediction equation of: Top10Times = 219.059 - 0.1056Year. 
This model encopasses 69.58% of variability in top ten finishing times (R²). The probability for 
the t-value of the data is very small, small enough to give us sufficient evidence to reject our null 
hypothesis and conclude that times decreased at a rate of 0.1056 hours cumulative for the top ten 



 

 

men’s times, or 0.01056 hours for the average top ten finisher per year. Figure 3 below shows 
the linear model for 1982 to 1996 and figure 4 below shows the linear model for 1997 to 2017.  

 
 Figure 3: Men Kona Finishing Times (1982-1996)       Figure 4: Men Kona Finishing Times (1997-2017) 
 
The summary for running a linear regression for men’s top ten times from 1997 through 2017 
gives us a prediction equation of: Top10Times = 54.796545 - 0.023074Year. 
This model encopasses 41.53% of variability in top ten finishing times (R²). The probability for 
the t-value of the data is very small, small enough to give us sufficient evidence to reject our null 
hypothesis and conclude that a slightly negative, linear relationship exists between top ten male 
times and years from 1997 to 2017. The times decreased at a rate of 0.023 hours cumulative for 
the top ten men’s times, or 0.0023 hours for the average top ten finisher per year. We observe in 
Figure 3 and Figure 4 that both sets of years and top ten finishing times have a negative linear 
relationship. However, the slope for the more recent set of years is less great and the linear 
model encompasses less of the variability in top ten times than the first set of years. There is a 
more significant decrease in finishing times per year for the first 14 years of data collected at 
Kona than for the latter 20 years.  

The summary for running a linear regression for women’s top ten times from 1982 
through 1996 gives us a prediction equation of: Top10Times = 259.5324 - 0.125403Year. 
This model encopasses 63.89% of variability in top ten finishing times (R²). The probability for 
the t-value of the data is very small, small enough to give us sufficient evidence to reject our null 
hypothesis and conclude that times decreased at a rate of 0.125 hours cumulative for the top ten 
women’s times, or 0.0125 hours for the average top ten finisher per year. Figure 5 below shows 



 

 

the linear model for 1982 to 1996 and figure 6 below shows the linear model for 1997 to 2017.  

 
 Figure 5: Women Kona Finishing Times (1982-1996)   Figure 6: Women Kona Finishing Times (1997-2017) 
 

The summary for running a linear regression for women’s top ten times from 1997 
through 2017 gives us a prediction equation of: Top10Times = 74.47273 - 0.032884Year.  
This model encopasses 42.3% of variability in top ten finishing times (R²). The probability for 
the t-value of the data is very small - small enough to give us sufficient evidence to reject our 
null hypothesis and conclude that a slightly negative, linear relationship exists between top ten 
female times and years from 1997 to 2017. The times decreased at a rate of 0.033 hours 
cumulative for the top ten men’s times, or 0.0033 hours for the average top ten finisher per year. 
One can see in Figure 5 and Figure 6 that both sets of years and top ten finishing times have a 
negative linear relationship. However, the slope for the more recent set of years is less great and 
the linear model encompasses less of the variability in top ten times than the first set of years. 
There is a more significant decrease in finishing times per year for the first 14 years of data 
collected at Kona than for the latter 20 years.  
 To compare the competitiveness of the elite fields in Kona per year, we took the 
difference in the tenth place time and the first place time for both fields for each year. This gives 
a measurement for the dynamics of the elite field. Did the first place finisher or the first few 
place finishers run away with the podium and win by a large margin, or were the top ten elites all 
in contention for those top podium spots? If participation in Ironman events has grown and 
incentives have increased, one would expect that the competitiveness of the elite field in Kona 
has increased, the difference between the tenth place and first place times has decreased over 
time. Our null hypothesis is that the difference in tenth place and first place times has not 
changed over time, and our alternative hypothesis is that the differences have decreased over the 
years.  
 We plotted the difference in times between tenth place male and first place male below in 
figure 7. The distribution appears to be fairly linear, although a slight curve may exist. We 



 

 

proceeded with our linear regression test and found a prediction equation for difference in times 
by year: Difference_Tenth - First = 37.33-0.0184Year. 
The probability of observing these results give that the null is true is very low. We have enough 
evidence to reject the null hypothesis and conclude that a negative mostly linear relationship 
exists between year and the difference in tenth and first place male finishing times. The model 
explains 62.45% of the variability in the differences. The model gives a slope of -0.0184, 
meaning that the difference has decreased linearly at a rate of 0.0184 hours per year. This 
relationship gives evidence that the elite male fields have become progressively more 
competitive each year.  

 
Figure 7: Difference between 10th and 1st Place for Men                 Figure 8: Difference between 10th and 1st Place for Women 
 
We plotted the difference in times between tenth place females and first place females in figure 8 
above. The distribution appears to be strongly linear. We found a prediction equation for 
difference in times by year: Difference_Tenth - First = 28.418 - 0.0139Year. 
The probability of observing these results given that the null is true is very low. We have enough 
evidence to reject the null hypothesis and conclude that a negative mostly linear relationship 
exists between year and the difference in tenth and first place female finishing times. The model 
explains 47.58% of the variability in the differences. The model gives a slope of -0.0139, 
meaning that the difference has decreased linearly at a rate of 0.0139 hours per year. This 
relationship gives evidence that the elite female fields have become progressively more 
competitive each year.  
 To compare the competitiveness between the two fields, men and women, over the years, 
we ran a linear regression test against the difference in top ten female and male finishing times 
and years. Our null hypothesis is that no relationship exists between the differences and years, 
that the male and female races have had the same trajectory of increased competitiveness over 
time. That is, the men’s and women’s top ten finishing times have decreased proportionally. We 
observe in a scatter plot of this data, Figure 9, that a negative linear relationship may exist 
between female top ten times minus male top ten times and years. Our alternative hypothesis, 



 

 

then, is that the female race has gotten faster in comparison to the male race over time. To test 
this hypothesis, we ran a test for linear regression, and found that a model with the equation: 
DifferenceTopTenFemales - TopTenMales = 23.629 - 0.0113Year.  
This equation explains the relationship. This model explains 34.01% of the variability in 
differences. The probability of observing this data is very small given that the null hypothesis is 
true. We have enough evidence to reject this null hypothesis and conclude that a negative, linear 
relationship exists between the difference in female and male top ten finishing times in Kona and 
the year. The slope of our model explains that for each year the difference in times has decreased 
by 0.0113 hours. This means that the top ten female times have decreased faster in comparison to 
the decrease in male top ten times. The female top ten finishers are catching up to the male top 
ten finishers and the women’s elite field is dropping faster times every year compared to the 
men’s.  

 
Figure 9: Difference between Top 10 Women and Men Finishing Times at Kona 

 
Conclusion 
 
 In order to see if the Ironman World Championship in Hawaii has become more 
competitive since 1982, first year of data in our dataset, we ran linear regression hypothesis tests 
for the top ten times in the men’s and women’s races. Then we ran hypothesis tests for linear 
regression for the difference in tenth and first place times within the men’s and women’s race 
against the year. Finally, we ran a hypothesis test of linear regression for the difference in men’s 
top ten times and women’s top ten times against the year.  
 We found that the distribution of top ten finishing times does not linearly decrease by 
year. Both the men’s and women’s races got dramatically faster from 1982 to 1996. The 
women’s times decreased at a rate of -0.125403 hours per year. The men’s race times decreased 
at a rate of -0.1056 hours per year. The increase in speed of the races may be explained by an 
increase in participation in Kona and in triathlons worldwide. Further, financial incentives and 



 

 

fame may have given athletes increased motivation to perform in Kona. Prize money was 
introduced in 1986, and companies began sponsoring Ironman events and athletes in the 1980s. 
The slope for the women’s race may be explained by a lesser degree of female participation in 
the sport, and/or a relatively slower group of top ten finishing times to begin with.  
 One of the fiercest rivalries in sporting history was the Dave Scott versus Mark Allen 
Kona rivalry that started when Dave Scott and Mark Allen went 1-2 in 1986. Both Allen and 
Scott lead nearly every race subsequent Kona until 1995. Luc Van Lierde won Kona in 1996 by 
running an 8:04:08, a course record that has only been bettered in 2011 and 2017. After Van 
Lierde’s performance in 1996, the race slowed down for a number of years. Men’s top ten times 
decreased from 1997 to 2017 at a rate of 0.023074 hours per year, 4.6 times slower than from 
1982 to 1996. This indicates that times have not linearly decreased each year and that times have 
decreased to a lower rate per year from 1997 until the present day. This may be explained by the 
rivalry mentioned above that made the elite race more competitive. Triathlon was first featured 
in the Olympic Games in Sydney in 2000, so elite triathletes may have focused on olympic-
distance, shorter, faster triathlons instead of the Ironman events. A good example of this 
phenomenon is in Jan Frodeno who won olympic gold in Beijing, 2008 and then went on to win 
Kona in 2015 and 2016. A number of other top competitors in short-course triathlon are stepping 
up in distance to the Ironman and running faster and faster times.  
 The slope for the top ten women’s times was -0.032884 hours per year between 1997 and 
2017, 3.8 times slower than from 1982 to 1996. These statistics indicate that the women’s top ten 
times decreased at a faster rate than men’s from 1982 to 2017, but those times had more linear 
relationship. That increase in times took place after 1996, but the increase was to a lesser 
magnitude than in the men’s results. This could be explained, in both races, by a period of bad 
conditions such as high heat or strong winds. However, a less famous but very fierce rivalry 
defined the women’s race between Paula Newby-Fraser and Erin Baker from 1986 until 1996. 
Fraser first won in 1986 and last won in 1996 with a 9:06:49, a time that was not bested until 
2008. The slow down in times can be explained by the same logic as men’s slow down in times.  
 A variable that we might think would result in dramatically faster times is technology. 
Triathletes today have training, recovery, and performance tools that competitors did not have in 
1980s and 1990s. Incredibly light carbon fiber bikes with aerodynamic components, power 
meters, integrated water carriage, technical clothing and aerodynamic helmets, and the like seem 
to not have influenced the top ten times as much as competition. Mark Allen’s 8:07 and Van 
Lierde’s 8:03 in 1993 and 1996 respectively, were all accomplished without much of the 
technology seen on the course today. While we do not have a figure to quantify how much 
technology has influenced race times, we can say that technological improvement have made less 
of a difference in top ten finishing times than competition and/or outlying performances. 

We analyzed the competitiveness in each race by using hypothesis tests for linear 
regression for the difference in tenth and first place times within the men’s and women’s race 
against the year. The difference in tenth and first place gives a measure of how competitive the 
elite field of the race is. The greater the difference, the less competitive, and the lesser the 



 

 

difference, the more competitive. The women’s differences had more variability than the men’s 
differences. The slope for the men’s differences by year was -0.0184 and the slope for the 
women’s differences by year was -0.0139. It appears that the men’s race has gotten slightly more 
competitive each year than the women’s race, by 0.0045 hours. The fact that the difference in top 
ten times has decreased linearly but the decrease in top ten times has not, indicates that the 
performances by Dave Scott, Mark Allen, Luc Van Lierde, Paula Fraser, and Erin Baker may 
have been outliers. Both of Kona’s fields have otherwise become more competitive by year, as 
the sport has increased in global popularity, visibility, and wealth.  

The final hypothesis test we ran was a linear regression for the difference between female 
and male top ten times by year. We found that a moderate negative linear relationship exists 
between these variables. Our slope was -0.0113 hours, but our least square regression equation 
encompassed only 34.01% of variability in the differences. It appears that a number of outliers 
exists in the distribution. However, in general, we found that the differences in female and male 
times have decreased by an average of 0.0113 hours per year, meaning that the women’s race has 
become more competitive and faster compared to the men’s race each year. Perhaps female 
participation has increased more than men’s participation in global triathlons because it was 
lesser to begin with and because women have become more and more involved in endurance 
sports and sports in general in more recent years. Also, women may have raced harder and 
smarter than men over the years, or technology may have benefitted women more than men.  

Hypothesis tests rely on random samples to describe a population. Our data is a complete 
sample of top ten finishers in the men’s and women’s races in kona from 1982 to 2017. 
However, this complete sample can be considered as a random sample of people and athletes as a 
whole. Randomness is at play when athletes decide to compete and focus on a single sport. An 
athlete like Dave Scott could have swam competitively, but by a certain amount of chance he 
decided to become a triathlete. Likewise with all triathletes, they could have become runners, 
swimmers, cyclists, squash players, desk jockeys, bankers, burger flippers, or brick layers, but 
they somehow ended up as triathletes. As triathlon has grown as a sport, the probability of high-
caliber athletes entering the sport has increased. As global population increases and GDP of 
many countries increases, the likelihood of an individual dedicating their entire lives to the sport 
of triathlon has increased. But, randomness is still key when it comes to our sample of top ten 
finishers in Kona.  
 The Ironman World Championship has generally gotten more competitive and faster each 
year since its first edition in 1979. The men’s race has gotten slightly more competitive each year 
than the women’s race, but the women’s race has gotten comparatively faster each year than the 
men’s race. Both races had an interesting pattern in top ten finishing times where the decrease in 
finishing times was not linear, with a break in the year 1997. This may indicate that rivalry and 
outlying performances makes a statistically significant difference in an otherwise linear 
relationship between variables, year and finishing time. It also indicates that technology may 
have less of an impact than competition on performance.  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


