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Welcome to the final issue of Vinculum 
for the year, another unique year, thanks 
to the COVID-19 virus. With all the 
uncertainty, I will always maintain that 
you can’t keep a good mathematician 
down!

MATHEMATICAL  
PROOF IN CHESS

I highly recommend this term’s chess problem to you. I 
recommend the chess problems because they all promote 
problem solving, however this one utilises a common 
mathematical proof, and it would be very beneficial for 
students to see this form of proof used in a different setting, 
and appreciate the universal application. It is accessible to most 
students; all that is needed is a knowledge of how the pieces 
move.

THE MELBOURNE M LOGO
John Gough has, over the years, given us a true geometric 
feast based on the large and varied number of commercial 
and other logos. In this issue he turns his skills to the latest 
City of Melbourne ‘M’ logo, not so new now but still very 
interesting. As well as having an obvious practical application, 
and a connection between mathematics and art and design, 
the plethora of logos that abound could be a fertile source 
for student research, both in examining the current ones, and 
designing their own. The thought of a competition, where the 
artistic merit and mathematical design receive equal weight, 
could be an inspirational school activity. 

The logo also uses 60° and 120° angles, and I’ve added some 
suggestions for students who may wish to further explore ‘sixty 
degree trigonometry’.

MINECRAFT AND THE BINOMIAL THEOREM
Minecraft is a popular game among students. Patrick and Terry 
Mills show how the Binomial theorem was used to show that a 
‘Dream run’ wasn’t all it was cracked up to be.

OLYMPIC AND OTHER AVERAGES
In the study of ‘the measure of central tendency’ the students 
are usually asked to decide which out of mean, median and 
standard deviation is best to use. The mean can claim to be 
more accurate since it uses every piece of data, but when there 
a small number of extreme values at one end, as, for example, 
in the real estate market, the median is considered to be a better 
measure of a ‘typical’, or ‘central’ datum. 

While watching the Olympic diving recently, it occurred to me 
that we could combine both. 

There are seven judges who give each diver a score. The two 
highest and the two lowest scores are eliminated, and the three 
remaining (middle) scores are added and multiplied by the 
difficulty rating. Since there are always three middle scores, 
this addition is related to an average score, which is a kind of 
mixture of ordinal (think median) and numerical (think mean) 
data.

In the interests of stimulating students’ grey matter, we can 
apply this to, say, housing prices in a suburb. Remove the top 
10% and the bottom 10% of prices, and take the mean of what 
is left. This could lead to some interesting class discussions, 
particularly when the standard deviation is involved. For 
example, is 10% enough to remove from each end? Too much? 
Would this lead to a more accurate ‘centre’ than just taking 
the median. This could lead to interesting class discussions, 
encouraging students to think outside the square. 

And how about some creative box plots? Box plots typically 
mark the five number summary, i.e. the quartiles. Students 
could design their own box plots for their own data, e.g., 
football or cricket scores, including, as an example, a good way 
to compare batting scores, which have their own interesting 
distribution. And what other mathematics can be gleaned from 
the Olympic Games? If you have any ideas, please share them 
with us and your colleagues.

DEEP THOUGHT
Michaela Epstein joins Peter Burrows in the popular series on 
mathematical proficiencies. In another article, Justine Sakurai 
and Dave Tout share some thoughts around living in a numerate 
world. I hope you find these articles help you to reflect on your 
teaching practices.

ERRATUM: BRAHMAGUPTA’S FORMULA
In passionless moments, Brahmagupta’s formula was 
incorrectly stated as A = s(s− a)(s− b)(s− c)(s− d ).  It should 
have been A = (s− a)(s− b)(s− c)(s− d ),  giving Heron’s 
formula when d = 0.
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There is an increasing emphasis in secondary mathematics on 
mathematical modelling. In this paper, we describe an example 
that may resonate with secondary students to support this 
development in the curriculum. 

Minecraft is a popular video game where people create worlds 
they can play in. Although there are no set goals in the game, 
one apparent goal is to travel to a dimension known as ‘The 
End’ and defeat a creature called the Ender Dragon. The 
practice of creating a world and slaying the Ender Dragon 
as quickly as possible, known as speedrunning, first became 
popular in 2015 and has continued through many updates of 
Minecraft. 

The aim of this article is to present an overview of a debate in 
the Minecraft community and its connection with mathematical 
modelling.

In early October 2020, a Minecraft YouTuber known as Dream 
submitted a speedrun which he completed in 19 minutes and 
24 seconds. Some observers in the Minecraft community noted 
the outstanding luck enjoyed by Dream, causing the Minecraft 
Speedrunning Team (the team) to conduct an investigation. 
On 11 December 2020, the team released a report detailing 
their investigation, concluding that the probability of Dream 
experiencing his level of luck was, at most,  
1.325 504 × 10–13 (Minecraft Speedrunning Team, 2020a,  
p. 22), and subsequently invalidated the speedrun. Ten 
days later, Dream responded with a report of his own 
(Photoexcitation, 2020). Mathematical modelling is at the heart 
of this controversy. 

The Minecraft Speedrunning Team (2020a) opened the debate 
by appealing to the binomial distribution. Let us recall the basic 
properties of the binomial distribution. 

Suppose that we toss a coin n times, and let p denote the 
probability that a head results from a single toss. Assume that 
0 ≤ p ≤ 1. The coin need not be fair; that is, we do not assume 
that p = 0.5. Let X denote the total number of heads that result. 
Then X is a random variable which has a binomial distribution 
with parameters n and p. The expected value of X is np and the 
variance of X is np(1 – p). 

Let Z = (X − np) / np(1− p).  If n is very large, then, 
according to the central limit theorem, Z is a random variable 
with a distribution that is approximately equal to the standard 
normal distribution.

The team applied the binomial model to analysing two of 
Dream’s achievements. During a speedrun, a player encounters 
piglins and can barter with them by offering them gold in return 
for various items, including ender pearls, which are essential 
for entering The End. In any barter, the probability of obtaining 
ender pearls is p = 20/423 = 0.047 28 (Minecraft Speedrunning 
Team, 2020a, Table 1). 

We assume that the results of barters are independent of each 
other. Over the course of 22 speedruns, Dream had n = 262 
barters with piglins and one would expect, using a binomial 
model, that np = 12.39 of the barters would result in ender 
pearls. However, X = 42 of the barters resulted in Dream 
obtaining ender pearls. This value of X corresponds to  
Z = 8.62, an extremely large value for a standard normal 
random variable, indicating that this first achievement of 
Dream is very unlikely. 

Furthermore, a player encounters blazes, and can kill them to 
obtain blaze rods, which are also essential for entering The 
End. When a blaze is killed, the probability that the blaze drops 
a blaze rod is p = 0.5 (Minecraft Speedrunning Team, 2020a, 
p. 3). Over the course of 22 speedruns, Dream killed n = 305 
blazes and one would expect np = 152.5 blaze rods would 
result. These blaze deaths resulted in X = 211 blaze rods for 
Dream which corresponds to Z = 6.7, another extremely large 
value of a standard normal random variable, indicating that 
this second achievement of Dream is also very unlikely. Taken 
together, Dream’s two independent, unlikely achievements are 
even more unlikely.

The team acknowledged several inadequacies of their 
model. First, ‘the data is not perfectly binomial’ (Minecraft 
Speedrunning Team, 2020a, p. 10) because Dream stopped 
speedrunning after achieving a time that satisfied him. This is 
referred to as optional stopping. Another inadequacy is that the 
team did not choose a random sample of Dream’s speedruns. 
Then there is the question of bias in speedrunner selection. Was 
the team unfair on Dream because he had such good results, 
rather than look at results from all speedrunners? Finally, the 
team should have considered random events other than piglin 
barters and blaze rod drops, such as gravel dropping flint or the 
amount of iron dropped by an iron golem.

The team attempted to address these inadequacies by 
developing more comprehensive models. They found Dream’s 
results very unlikely even under these new models. When 
taking into account many options, they estimated that an upper 
bound for the probability of Dream’s successes is  
1.325 504 × 10–13 (p. 22). ‘After accounting for any 
contributors of bias, the likelihood of this occurring is still 
unfathomably small’ (p. 23). The team concluded that Dream 
had modified the game code (Minecraft Speedrunning Team, 
2020a, p. 23).

A response was commissioned by Dream (Photoexcitation, 
2020). Part of the response claimed that the binomial 
distribution is not appropriate for modelling this phenomenon. 
A speedrunner needs to collect 10-12 ender pearls to open a 
portal to The End. Once the speedrunner has collected enough 
ender pearls, there is no need to barter further with piglins. 
Although piglins also drop items other than ender pearls, it is 
reasonable to assume that the last items collected from piglins 
are ender pearls. 

MATHEMATICAL MODELLING  
AND MINECRAFT
Patrick Mills and Terence Mills
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Photoexcitation proposed an alternative model which ignored 
the final barter and the final blaze rod drop. 

Photoexcitation’s model is referred to as ‘barter stopping’ 
which occurs when bartering with the piglin stops after the 
piglin has dropped 10-12 ender pearls. This stopping rule is 
different from that considered by the team. Photoexcitation 
developed a simulation program that implements this barter 
stopping model. The simulations showed that, although the 
probability of Dream’s successes is still very low at  
1.2 × 10–8, it is not as extreme as that suggested by the team 
(Photoexcitation, 2020, pp. 10, 15-16). 

In a rebuttal of Photoexcitation, the team made numerous 
criticisms of the response prepared by Photoexcitation mostly 
of a technical, but important, nature (Minecraft Speedrunning 
Team, 2020b).

In a final post on May 30, 2021, Dream admitted ‘... I ended 
up finding out that I had actually been using a disallowed 
modification during 6 of my live streams on Twitch’ (Dream, 
2021).

This case study highlights several important points about 
mathematical models. First, the investigation started with a 
simple binomial model. We should be mindful of the sage 
advice of the famous statistician George Box (1976) that a 
model should be simple, and one should avoid creating more 
complex models ‘by excessive elaboration’ (p. 792). A scientist 
‘should seek an economical description of natural phenomena’ 
(p. 792). This is the principle of parsimony. The binomial 
model may not be perfectly correct, but it was useful as a 
starting point. 

Secondly, this case study is an example of a 21st century 
application of mathematical modelling that may enhance 
classroom discussion in VCE Mathematical Methods. This 
would lead to a deeper appreciation of the importance of 
assumptions in any modelling exercise. Parker (2021) is an 
excellent, entertaining video that may stimulate classroom 
discussion about probability in the context of this debate. 

Thirdly, the case study highlights that one of the challenges in 
modelling is to understand the context of the application. In this 
particular application, the mathematician must become familiar 
with the language of speedrunning. Applied mathematics 
involves communication across disciplines.
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A Piglin trading for ender pearls.


