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Sebastian Sawe — 1:59:30 London Marathon



Josh Kerr — 3:42.66 Mile
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Analysis of Chepngetich’s Record

• We downloaded data from the Chicago Marathon website,

best 20 women’s times for each year from 1998–2024

• No race 2020 — we just left out that year

• 2007 is a possible outlier but we discuss that later

• Clear downward trend over the 27 years but strong suspicion

of a changepoint in the mid-2010s

• Particular interest in a changepoint in 2016 as Nike Vaporfly

shoes were only introduced in 2017
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Statistical Model
• “r-largest (smallest) order statistics model” (Smith 1986; Coles 2001;

various R packages including extRemes, ismev):

• Let z(1) ≤ z(2) ≤ . . . ≤ z(r) denote the r best (i.e. smallest) running times
in a given year. The joint density is assumed to be
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parameters”

• In practice we fix a small value of r (e.g. 5, 10, 20) and let σ, ξ be
constants for the whole dataset, while µ = µt depends on year t

• Possible models for µt:

– Model 1: µt = β0 + β1t (linear trend)

– Model 2: µt = β0 + β1(t− t0) + β2(t− t0)+
(changepoint in year t0)



Outline of our method

• Focus on two quantities: the endpoint of the distribution

(best possible time) and the actual winning time in 2024,

conditional on all data prior to 2024.

• Compute posterior density curves for both quantities

• Two trend models: linear or changepoint

• Other assumptions: r = 10, start year 1998, changepoint in

2016 (for the changepoint model)



Posterior density plots for the endpoint and the predicted 2024

winning time under linear trend. The (estimated) probability that

the winning time is < 130 minutes is about 0.011 — “unlikely

but not impossible”
Heffernan and Tawn (2004)



Posterior density plots for the endpoint and the predicted 2024

winning time under changepoint model. The (estimated) prob-

ability that the winning time is < 130 minutes is about 0.25 —

maybe even too large to be believable?



Sensitivity analysis I

Start Year Endpoint Winning Time
r=5 r=10 r=15 r=20 r=5 r=10 r=15 r=20

1998 0.17 0.034 0.031 0.091 0.004 0.011 0.013 0.014
2002 0.273 0.045 0.067 0.172 0.006 0.011 0.015 0.016
2005 0.211 0.07 0.121 0.213 0.015 0.022 0.024 0.024
2008 0.433 0.481 0.552 0.627 0.055 0.063 0.062 0.053
2005x 0.198 0.061 0.068 0.141 0.01 0.018 0.021 0.019
1998x 0.188 0.03 0.027 0.084 0.004 0.011 0.013 0.014
1998y 0.181 0.028 0.031 0.078 0.004 0.011 0.014 0.014

Posterior probability that the endpoint or the winning time is under 130 min-
utes, based on linear trend, for four values of r and different starting years.
2005x: analysis starting in 2005 but omitting 2007.
1998x: analysis with changepoint in 2013 instead of 2016.
1998y: analysis with changepoint in 2010 instead of 2016.



Sensitivity analysis II

Start Year Endpoint Winning Time
r=5 r=10 r=15 r=20 r=5 r=10 r=15 r=20

1998 0.931 0.983 0.992 0.996 0.097 0.25 0.306 0.315
2002 0.967 0.988 0.996 0.996 0.168 0.324 0.392 0.34
2005 0.918 0.964 0.978 0.981 0.182 0.283 0.283 0.256
2008 0.596 0.73 0.771 0.847 0.079 0.116 0.132 0.125
2005x 0.92 0.973 0.976 0.98 0.151 0.262 0.297 0.258
1998x 0.686 0.722 0.796 0.874 0.037 0.069 0.092 0.106
1998y 0.477 0.469 0.584 0.656 0.029 0.057 0.065 0.066

Same as previous table, but based on changepoint model.



Conclusions from Chicago analysis

• Trends in the data are clearly significant, and there is also
strong evidence that a changepoint model fits better than a
linear trend model, though not necessarily based on 2016 as
the changepoint

• For estimated probabilities that the winning time for 2024 is
below 130 minutes, conditional on previous times up to 2023,
is never exceptionally small (smallest is 0.004, but most of
our estimated probabilities are quite a bit larger than that),
so we cannot say that Chepngetich’s performance is “too
good to be true”

• The results contrast strongly with similar analyses for Chinese
women runners in 1993 (Smith 1997, Applied Statistics)

• Punchline: no reason to dispute the record!
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Modified Conclusion

Even without Chepngetich, it’s highly likely that some runner

will break 2:10 for the women’s marathon, if not in 2024, then

in some near-future year



Our Work with the Boston Marathon
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From: Richard Smith [mailto:rls@email.unc.edu]  
Sent: Wednesday, November 10, 2010 10:02 PM 
To: Info Account 
Subject: project regarding Boston qualifying times 
 
I am a statistics professor at the University of North Carolina. I am also a keen marathon runner and will be running my tenth Boston in 2011 (yes, I did get in ... ) 
 
I am aware that there has been much discussion of Boston qualifying times. Together with two students, I have started on the following project. We are downloading results from 
major marathons and looking at the distribution of times within different age and sex categories. We are doing this with a view to showing what times are comparable across 
different age and sex categories. For example, about 10% of all runners over all marathons qualify for Boston. Our method aims at calculating the time that this corresponds to 
within each age/sex category, first doing the calculation separately for each marathon race, but then combining results across races to get overall standards. We believe our results 
would be valuable in evaluating whether current Boston standards are equally fair across all categories, or in deciding on new standards in the event that Boston decided to 
change the requirements. 
 
At the moment, this is purely an academic project. One of the students is an undergraduate who will earn honors credit for his report. The three of us intend to write up a paper for 
one of the professional journals that publish papers on sports statistics. However, if there were an actual interest in what we were doing by the organizers of the Boston Marathon, 
we could work with you to develop the results in a form that you could use. 
 
If you're interested in knowing more about what we're doing, please let me know. We could then continue the discussion by email or phone to work out the best way forwards. 
 
Sincerely yours, 
 
Richard Smith 
University of North Carolina 
Chapel Hill, NC 
 
-----Original Message----- 
From: Jack Fleming <XXXXX@XXXXX>  
Sent: Thursday, November 11, 2010 6:56 PM 
To: Smith, Richard L <rls@email.unc.edu> 
 
Richard- 
Please give me a call on Friday. 
Or, please give me a number where I can reach you on Friday. 
Thanks, 
Jack Fleming 
Director of Marketing and Communications Boston Athletic Association fleming@baa.org 
617-XXX-XXXX (office/desk) 
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Chance 27 (3), 25-33.



The Problem

• Boston is the only major marathon race where the primary

mode of entry is through qualifying times

• The capacity of the course is limited to about 30,000 runners

• The ideal solution would be to set the qualifying times so

that the number of qualified entrants exactly matches the

number of available places

• Our task is essentially predict the number of entrants, but

also show how this changes if the qualifying times are ad-

justed
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What’s New in 2026?

• In recent years, the race has generally been oversubscribed

• Their solution is to impose a “cutoff time” — you have to

beat the qualifying time by at least the cutoff to be accepted

for the race

• For the 2026 race, the cutoff was 4 minutes, 34 seconds and

8,887 qualified runners were rejected

• But the runners keep getting faster ...



Our Team

• Lily Feingold (PhD student in  statistics, UNC)

• Coleman Ferrell (PhD student in statistics, UNC)

• Abigail Mabe (MS student in biostatistics, UNC)

• Kendall Thomas (PhD student in statistics, UNC)

• Richard Smith (professor of statistics, UNC)
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Looking for Trends

• ANOVA analysis — treat both “year” and “race” as cate-

gorical variables

• year as a fixed effect, race as a random effect

• applied to square root of counts of qualified runners by 2026/27

standards

• Result: estimates of the year effect for each year, with con-

fidence intervals
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Conclusions from Boston Qualifiers

Analysis

• The number of Boston Qualifiers from our six selected races

has increased (almost) each year since 2021

• No sign that the trend is ending

• Other possible fixes (under way):

– Tougher standard for downhill races

– Introduce a partial lottery system

– But...

• Even tougher standards may be on the way!



Thank you for your attention!

Preliminary draft paper at:

https://rls.sites.oasis.unc.edu/ChepngetichRecord.pdf

Slides at:

https://rls.sites.oasis.unc.edu/JSM2026.pdf


