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Congratulations to our 2023 Out‑
standing team winners and all 

teams participating in our twenty‑sixth 
International High School Mathematical 
Contest in Modeling (HiMCM)®. We are 
excited to again join the National Council 
of Teachers of Mathematics (NCTM) to 
designate two of our teams as NCTM 
Award winners. The HiMCM continues 
to be an amazing and rewarding experi‑
ence for students, advisors,schools, and 
judges across the globe. A total of 967 
teams, with up to 4 students each, rep‑
resenting 417 schools and 18 countries/ 
regions, competed this year. 
 
Outstanding Teams 
•13643 Shanghai World Foreign Lan‑

guage Academy, Shanghai, China 
 
•13694 St. George’s School, BC,  

Canada 
 
•13719 Nanjing Foreign Language 

School, Jiangsu, China 
 
•13904 Shanghai Starriver Bilingual 

School, Minghang, China 
 
•14076 Shanghai Pinghe School, 

Shanghai, China 
 
•14087 BASIS International School 

Guangzhou, Guangdong, China 
 
•14140 Shanghai Pinghe School, 

Shanghai, China 
 
•14323 Durham Academy, NC, USA 

(NCTM Award) 
 
•14632 Mass Academy of Math & 

Science, MA, USA (NCTM Award) 
 
 
 
 
 

Once again, the set of participating 
teams in 2023 was a joy for the judges 
to read with some truly impressive 
papers. COMAP seeks to continue the 
tradition of creating challenging real‑
world problems that are interesting for 
the students. As in the past, students 
can choose from two problems for the 
HiMCM. This year’s problems chal‑
lenged teams to investigate population 
growth and pollination capacity of  
honeybees in Problem A: Dandelions: 
Friend? Foe? Both? Neither? and Problem 
B: Charging Ahead with E‑buses. The 
judges continue to be extremely im‑ 
pressed with the student’s drive and 
mathematical abilities to compete in 
this modeling contest. We understand 
the challenges of time and resources 
put on students and would like to 
thank all participants and advisors who 
competed in this year’s HiMCM contest.  
 
Overview 
COMAP has offered international mod‑
eling contests for over 40 years, with 
HiMCM celebrating its 26th contest in 
2023. As an increasing number of schools 
engage their students in mathematical 
modeling, we see continued increasing 
participation in COMAP’s modeling 
contests. Starting with 115 students in 
the first year of the HiMCM, over the 
course of 26 contests we have had 
48,147 students apply their mathemati‑
cal knowledge and skills as they mod‑
eled challenging problems in the 
HiMCM. 
 
COMAP would like to recognize the 
value and importance of the student 
team advisors and teachers. These are 
the true champions who see the value 
of their students participating in a math 

modeling contest. These are the educators 
and mentors who encourage their  
students to go beyond the standard  
curriculum. We see many team advisors 
year after year involved with one or 
more teams from their educational  
institutions. COMAP is truly thankful 
for these individuals.  
 
The 2023 contest had 967 submissions. 
Of the 967 submissions, 506 completed 
Problem A: Dandelions: Friend? Foe? 
Both? Neither, and 461 completed  
Problem B: Charging Ahead with E‑buses. 
Table 1 shows the judging results of the 
2023 HiMCM. We accept partial solu‑
tions and encourage all registered 
teams to submit a solution paper to  
experience the learning impact and  
satisfaction of fully participating in this 
challenging contest. 
 
In total, 3,603 students participated in 
the 2023 HiMCM. Schools from a wide 
range of countries/regions competed, 
including teams from Australia, Canada, 
China, Germany, Hong Kong (SAR), 
India, Macau (SAR), Malaysia, New 
Zealand, Philippines, Singapore, South 
Korea, Taiwan China, Thailand, the 
United Arab Emirates, the United King‑
dom, the United States of America, and 
Vietnam. 
 
Rules  
One important rule is that students may 
only use the members of their team 
along with inanimate (non‑living) 
sources to complete the contest problem. 
Students may not use any chat rooms, 
electronic communication, or social 
media sources. Each year we have some 
teams that do not understand this rule. 
To be clear, contacting an expert in a 
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field or an author of one of the refer‑
enced sources is a violation of this rule. 
Gathering data from people outside of 
your team using an interview or a survey 
or a questionnaire is a violation of this 
rule. Using solutions shared electroni‑
cally by other teams or by organizations 
is a violation of this rule. Again, only 
the team members may contribute to 
the solution through their knowledge 
and work, and by using inanimate  
resources (e.g. research articles, websites, 
textbooks, journals, and publications). 
You will also need to cite these inani‑
mate resources in your reference or 
works cited section. Additionally, 
COMAP will never require that you 
purchase additional materials or infor‑
mation to be successful in the HiMCM. 
The materials and information provided 
by COMAP, along with your own 
team’s knowledge, skills, and perhaps 
a bit of research using allowed refer‑
ences, is all that you need for success. 
 
COMAP uses Twitter and Weibo to pro‑
vide contest information to partici‑
pants. Follow us @COMAPMath on 
Twitter or COMAPCHINAOFFICIAL 

on Weibo for contest guidance and up 
to date contest information. 

 Judging 
All contest submissions are electronic. 
This allows a high quality and diverse 
judging pool from academia and industry 
to simultaneously judge papers. Soon 
after the contest ended, we conducted 
our first round of contest judging with 
a diverse set of judges from the United 
States. Each paper is read and scored by 
two preliminary judges. We thank these 
judges for their careful review of our 
HiMCM submissions. 
 
All judging is blind with respect to any 
identifying information about the par‑
ticipants or their schools. Each year  
during the contest, COMAP receives a 
few clarifying questions about the 
problems. In most cases, our response 
is the same: these are open‑ended  
questions and based on your assumptions 
and approach your team will do its best 
to answer the questions posed. Your re‑
sponses are not compared to an official 
answer key since based on the path(s) 

your team took will lead to potentially 
vastly different and equally correct  
solutions. Each submission is scored on 
its own merits as we look for complete‑
ness, creativity, and the use of good 
math modeling techniques. Preliminary 
judges rank papers as Finalist, Merito‑
rious, Honorable Mention, and Successful 
Participant. Judges sent all papers 
ranked as “Finalist” to Final Judging. 
This year, 67 papers from the two prob‑
lems went to Final Judging for a panel 
of twelve judges to consider. As these 
67 papers were the best submissions 
from the preliminary round, at final 
judging the judges chose the “best of 
the best” as Outstanding papers. Nine 
papers earned the Outstanding award. 
The final judges commend the prelimi‑
nary judges for their efforts in selecting 
the high‑quality Finalist papers. We feel 
that the structure of preliminary and 
final judging provides a good process 
for identifying our top papers. 
 The Future 
 
 
 
For 25 years, the HiMCM has sought to 
provide all high school students the  
opportunity to compete and achieve 
success in applying mathematics. Our 
efforts remain focused on meeting this 
important goal. Mathematical modeling 
continues to grow within the high 
school curricula across the globe, and 
we recognize that middle school students 
are now modeling too. In 2023, COMAP 
held its third international MidMCM, a 
middle school/level contest option. The 
MidMCM occurred concurrently with 
HiMCM. The MidMCM allows middle 
school/level students under the age of 
14 ½ years old the opportunity to dem‑
onstrate their mathematics and modeling 
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Table 1: 2023 HiMCM Judging Results 

Problem Outstanding % Finalist % Meritorious % Honorable 
Mention % Successful 

Participant % Unsuccessful %  Disqualified % Total

A 5 1% 28 6% 70 14% 134 26% 262 51% 2 <1% 5 1% 506

B 4 1% 26 5% 69 15% 122 27% 239 52% 1 <1% 0 0% 461

Total 9 1% 54 6% 139 14% 256 26% 501 52% 3 <1% 5 1% 967

Figure 1: Total HiMCM Student Participants 1999 – 2023
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abilities. Please visit www.MidMCM.com for 
more details and the results of this new 
contest. 
 
 
 
 
The MidMCM and the HiMCM provide 
a vehicle for using mathematics to build 
models that allow students to represent, 
and to understand, real world behavior 
in a quantitative way. Both contests en‑
able student teams to look for patterns 
and think logically about mathematics 
and its role as a language in our daily 
lives. Students gain confidence by tack‑
ling ill‑defined problems and working 
as part of a team to generate a solution. 
We are excited that in our contests,  
applying mathematics is a team sport.  
 
Advisors and students often ask what 
level of mathematics is required, and 
what special programming or coding 
skills are needed for the contest. All our 
HiMCM problems are accessible using 
high school level mathematics alone, 
and no programming or coding skills 
are required or necessary. Our new 
MidMCM problems require only middle 
school/level mathematics. As in all our 
contests, each of our problems is acces‑
sible on multiple levels. Students 
should apply the mathematics they  
understand and are able to explain in 
their solution analysis. COMAP rec‑
ognizes that there is no single standard 
or body of knowledge of High School 
level mathematics for an international 
math modeling competition. The 
judges see a wide range of abilities and 
skills. Teams should note that using  
so‑called lower‑level mathematics effec‑
tively can be just as successful as  
employing higher‑level mathematics in 
the competition. Rather than attempt‑
ing to impress the judges with overly 
complex techniques and models, teams 
should concentrate on employing math‑
ematical techniques they are familiar 
with and using sound modeling tech‑
niques to develop their solutions.  
 
Advisors need only be motivators and 
facilitators to encourage students to be 
creative and imaginative. COMAP  

invites all middle and high school 
mathematics faculty to get involved, 
encourage their students to be problem 
solvers, make mathematics relevant, 
and open the doors to future success. 
We aim to partner with teachers to con‑
tinually improve the contest to make it 
accessible and impactful to all students. 
Any school can participate, and each 
school can enter as many teams as that 
school desires. MidMCM and HiMCM 
have no restrictions on the number of 
total schools or the numbers of total 
teams. Advisors should encourage  
student teams to explore the COMAP 
website for resources and read judges’ 
commentary on past student solutions. 
More than just learning skills and oper‑
ations, mathematics is both an art and 
a science. Through mathematical mod‑
eling, students learn to think critically, 
communicate effectively, and become 
confident, competent problem solvers. 
 
2024 Contest Dates 
Mark your calendars for the next HiMCM, 
and the fourth annual MidMCM, to be 
held November 6 ‑ 19, 2024. Registration 
for the 2024 MidMCM and HiMCM 

will open in September. Student teams 
may work at any time during the contest 
window. At the team members’ conven‑
ience, teams download and choose their 
problem, complete their modeling solu‑
tion, and electronically submit their  
solution document by the deadline on 
November 19th. Again in 2024, one team 
for each problem will receive the NCTM 
award. Teams can learn more about 
COMAP’s contests and registration at 
www.comap.org 
 
 

 
 MATHmodels.org 
Powered by COMAP content, MATH‑
models.org is a wonderful resource for 
students and teachers to make math 
modeling a year‑round activity. Teachers 
and students may use the materials 
found on this site to enrich their classes 
and help prepare students for math‑
ematical modeling competitions. We 
encourage you to visit   
www.mathmodels.org. 
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  —AWARDS— 
Outstanding 

Finalist 
Meritorious 

Honorable Mention 
Successful Participant 

 
After final judging, HiMCM papers receive a designa‑
tion in one of the categories above. Depending upon the 
quality of the papers, the top 20–25% of submitted papers 
receive a designation of Meritorious or above, with 
approximately the top 1% designated as Outstanding.

http://www.comap.org
http://www.mathmodels.org
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The International  
Mathematical Modeling 
Challenge, IM2C 
The IM2C is held each spring and con‑
tinues to grow. This unique contest is 
similar to an all‑star game where each 
country/region administers and judges 
the contest and then sends its top two 
teams to the international final judging. 
The purpose of the IM2C is to promote 
the teaching of mathematical modeling 
and applications at school level (high 
school and below) for all students 
around the world. It is based on the 
firm belief that students and teachers 
need to experience the power of math‑
ematics to help better understand, ana‑
lyze, and solve real world problems 
outside of mathematics itself – and to 
do so in realistic contexts. An inter‑
national Expert Panel of final judges de‑
termines winners and selects teams to 
present their solutions at an inter‑
national award ceremony. To learn 
more visit www.immchallenge.org for 
rules and country/region contacts. 
 
COMAP invites selected teams from 
the United States, to include teams 
earning Meritorious or above in the 
HiMCM contest, to compete in the 
IM2C U.S. Regional Round. Registration 
is free. From these participants, U.S. 
IM2C judges select the two top teams  
to represent the U.S. in the IM2C inter‑ 
national round. U.S. Rules at:  
https://immchallenge.org/Pages/Rules/
USA/USA‑Rules.html 
 
 
 

The following paragraph describes 
what our preliminary and final judges 
look for in our HiMCM papers: 
 

Regardless of the problem chosen, 
competitive papers include a com‑
prehensive summary, address all re‑
quirements through developing and 
applying a mathematical model(s). 
Better papers do all the above in an 
articulate, well‑supported, well‑or‑
ganized, and well‑presented manner. 
The best papers combine complete 
mathematical and logical analysis 
and explain their work in an organ‑
ized presentation beyond simply  
addressing the requirements. The best 
papers are also easy to read, creative, 
flow logically,  and include sections 
that address assumptions with jus‑
tifications, the modeling process(es), 
results of modeling and analysis, 
strengths and weaknesses, sensitivity, 
conclusions, and references. 

 
Our judges have asked that we con‑
tinue to stress that all our HiMCM 
problems are accessible by students at 
any level using high school math‑
ematics. Some teams attempt to use  
advanced concepts and tools found on 
the Internet that they do not explain 
clearly or use appropriately. Judges rec‑
ognize this, and these papers do not do 
well. We are not looking for papers that 
use the most advanced mathematics. 
We have found that the best papers  
develop a mathematical model incorpo‑
rating high school level concepts and 
tools that teams understand, can fully 
explain, use appropriately, and for 
which they can contextualize and  
analyze the results. The most important 
aspects of solutions are the model  
development and the clear use and 
analysis of the model toward addressing 
the requirements of the problem. 
 
The specific problem discussions below 
provide comments on how teams ad‑
dressed the requirements of each problem. 

Following this section, we provide judges’ 
comments about the solutions and  
presentations by breaking down the 
various parts of a submission and  
providing exemplars. To view the complete 
problem statements, visit  
 
 
 
 
Problem A: Dandelions: 
Friend? Foe? Both? Neither? 

 This year’s Problem A challenged teams 
to explore the multifaceted roles of dan‑
delions, a plant native to Eurasia that 
has since spread worldwide. Commonly 
seen as a weed, dandelions are recog‑
nized by their distinctive yellow 
flowers and fluffy seed heads that dis‑
perse seeds by wind. Yet, beyond being 
a nuisance to some in their gardens, 
dandelions possess significant culinary 
and medicinal properties, emphasizing 
the plant’s conflicted nature as both  
invasive and beneficial.  
 
Teams were tasked to develop two 
main mathematical models. The first 
model was to predict the spread of  
dandelions over time across a one‑ 
hectare plot under various climatic  
conditions including temperate, arid, 
and tropical environments. This encour‑
aged teams to research seed dispersal 
mechanisms influenced by different 
weather patterns and geographical fea‑
tures.  

The second requirement was to create a 
model for calculating an ‘impact factor’ 
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Problem Discussions and Judge’s Commentary

www.mathmodels.org  
   or   

www.himcmcontest.org.

http://www.himcmcontest.com
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for invasive species. Initially applied to 
dandelions, this model incorporated 
variables such as species characteristics, 
environmental impacts, and interactions 
with other flora and fauna. Teams were 
then required to extend this model to 
assess the impact of two additional inva‑
sive plant species of their choice, 
thereby assessing the model’s versatility 
and applicability in different ecological 
contexts. This part of the task empha‑
sized the adaptability of their model in 
various regions and conditions, high‑
lighting the critical need for robust 
models that can manage and predict the 
consequences of invasive species in diverse 
ecosystems. 

In addition to their mathematical work, 
students were encouraged to consider 
the broader ecological and social impli‑
cations of invasive species. The problem 
underscored the importance of under‑
standing the delicate balance between a 
species’ benefits and its potential threats 
to ecosystems. 

The submissions displayed a range of 
innovative approaches and solutions, 
reflecting deep engagement with the 
complex dynamics of ecological mod‑
eling. This year, teams were particu‑
larly noted for their ability to integrate 
detailed research with practical modeling 
techniques. This resulted in the devel‑
opment of quantitative tools that, given a 
wide variety of different inputs, provided 
multiple methods to compare plant 
species and rate their invasiveness. The 
judges enjoyed reading these thoughtful 
and creative solution papers. 
 Problem B: Charging Ahead 
with E-buses 

In this year’s Problem B, the focus shifts 
to the accelerating adoption of electronic 

buses (e‑buses) in urban environments 
globally, a crucial step toward sustain‑
able urban transportation. As cities 
grapple with air pollution and climate 
change, the transition from diesel to 
electric buses represents both an envi‑
ronmental imperative and a financial 
challenge. This problem draws attention 
to the significant uptick in e‑bus  
deployment, highlighted by China’s 
policies favoring electric vehicles, setting 
a benchmark for countries, regions, and 
cities worldwide. Participants were 
tasked with multiple objectives centered 
around the integration of e‑buses into 
city fleets.  
 
The first challenge was to develop a 
model that could quantify the ecological 
benefits of transitioning to an all‑electric 
bus fleet. This model needed to con‑
sider a specific metropolitan area with 
over 500,000 inhabitants, which hasn’t 
yet converted to a fully electric fleet, 
highlighting the model’s practical  
implications. 
 
Next, teams were required to address 
the economic aspects of such a transition 
through a second model that incorpo‑
rates potential financial support, such 
as grants and subsidies, which could 
cover up to 50% of the initial costs. This 
model, which was to be applied to the 
same metropolitan area they identified 
in the first prompt, needed to evaluate the 
long‑term financial sustainability of 
adopting e‑buses, considering high  
upfront costs and operational savings. 
 
The third prompt asked teams to propose 
a 10‑year roadmap for their chosen met‑
ropolitan area to achieve a fully electric 
fleet by 2033. This involved scaling their 
ecological and financial models to fore‑
cast the gradual replacement of diesel 
buses, taking into account various logis‑
tical and strategic challenges. 
 
Lastly, the participants were to compile 
their findings and recommendations 
into a concise, one‑page letter ad‑
dressed to transportation officials of the 
metropolitan area. This letter was in‑
tended to summarize their recommen‑

dations and serve as a direct communi‑
cation to help guide policy and deci‑
sion‑making processes.  
 
As in previous years, the judges were 
impressed with the depth and quality 
of work teams demonstrated in devel‑
oping and presenting their models. 
Teams considered a wide variety of 
possible ecological aspects to measure 
the benefits, or consequences, of tran‑
sitioning to an electronic fleet of buses, 
including the impact of various green‑
house gases and noise pollution along 
the bus routes. Many teams went a step 
further by evaluating the ecological im‑
pact of the manufacturing process of 
new buses. For the financial analysis, 
teams generally employed curve‑fitting 
and other time‑series analysis tech‑
niques to forecast costs. These ap‑
proaches provided a nice segue into the 
third part, where teams proposed  
replacement plans. The stronger teams 
considered multiple approaches from 
which they could identify an optimal 
plan. Many teams recognized the geos‑
patial nature of the problem, illustrating 
specific routes to be replaced and iden‑
tifying locations for charging stations 
and other necessary infrastructure. 
 
Judges’ Discussion 
While the problem discussions above 
provide comments on the solutions to 
this year’s problems, in the following 
paragraphs we examine the sections of 
a submission and provide comments 
about the solutions and the presentation 
of the solutions from our judges’ point 
of view. At the end of the article, we 
have included excerpts from papers 
that earned Finalist and Outstanding 
designations as exemplars for both 
problems. Mathmodels.org members 
can view the full, unabridged versions 
of these papers online. 
 
Overall 
Student participants must ensure their 
papers follow the contest rules posted 
on the contest website. Every year, 
judges encounter papers that exceed the 
page limit, use smaller fonts, or widen 
margins to include more material. 
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While these papers are not necessarily 
disqualified, they are unlikely to score 
well. The best papers are coherent,  
organized, clear, and well‑written, leaving 
a great impression on the judges. The 
logic and mathematics in these papers 
are easy to follow, presenting an under‑
standable sequence and a clear story. 
These papers thoroughly explain the 
background and justification of the 
chosen model(s) and apply them prop‑
erly. Teams should present their entire 
submission in 25 pages or less, using at 
least a 12‑point font. These 25 pages 
should include an introduction/ 
executive summary, a solution that ad‑
dresses all requirements, a resource list, 
and any appendices. While some back‑
ground research on the problem topic 
can be included, it should be brief. Rec‑
ognition is based not on the number of 
pages but on the ability to complete all 
problem requirements and communicate 
the solution concisely and clearly. Stu‑
dents should use spelling and grammar 
checkers before submitting their papers. 
Papers from non‑English‑speaking 
countries/regions should ensure all 
symbols in tables and graphs are in 
English. Student and school names 
should not appear on solution papers. 
 
Papers considered for Finalist and Out‑
standing start with a clear summary 
that describes the problem. These 
papers then preview their paper with 
an organized Table of Contents. They 
present assumptions with justifications, 
explain the development of their model 
and its solutions, apply their model, 
and support the results mathematically. 
The top papers communicate all the 
listed aspects, perform a sensitivity 
analysis, address model strengths and 
limitations, and finally, close by stating 
overall conclusions. 
 
Lastly, please submit your solution one 
time only and clearly indicate whether 
you are submitting Problem A or Prob‑
lem B. Making multiple submissions or 
failing to specify your chosen problem 
will slow down the judging process. 
 
 

Executive Summary 
The Executive Summary, often the first 
page or cover sheet, provides a first  
impression of your paper. It offers the 
judge (or any reader) not only a synopsis 
of the paper and the modeling and 
analysis process but also the solution(s) 
to the problem. Judges often see well‑
detailed descriptions of the problem 
and process but are particularly  
impressed by well‑written and complete 
summaries that include the actual results 
and recommendations. Unfortunately, 
many submissions each year fail to  
include results in their Executive Sum‑
mary. Alternatively, some submissions 
include results but fail to contextualize 
them. For example, if your model outputs 
a score of 17, it is meaningless without 
context, such as stating that the model’s 
score is twice as good as a baseline  
(or some other contextually relevant 
comparison). 
 
Teams should write the Executive Sum‑
mary after completing their solution to 
summarize the entire contents of the 
paper. Example 1 from Team #14632’s 
submission for Problem A demon‑
strates a fine example of a summary,  
including results rather than just a dis‑
cussion of their approaches. An ideal 
summary can stand alone, providing the 
reader with a synopsis of the problem, 
the methods used, and the solutions. 
Similarly, Example 2 from Team #13681 
was well‑written and stood out to the 
judges, presenting results, and providing 
context to highlight the benefits of the 
team’s modeling approach for Problem B. 
 
Assumptions with  
Justifications 
Effective mathematical models incorpo‑
rate a few essential assumptions to  
simplify the modeling process. These 
are often referred to as simplifying  
assumptions. A common mistake seen 
by judges is the inclusion of unnec‑
essary or irrelevant assumptions. When 
developing a model, students should 
ask themselves, “do we need this  
assumption to apply our model”? Iden‑
tifying and clearly stating good and  
relevant assumptions can be challenging. 

Long lists of assumptions that do not 
directly contribute to the model’s devel‑
opment or solution can detract from the 
paper’s quality. Moreover, assumptions 
that overly simplify the problem may 
prevent a comprehensive solution. Each 
assumption should be accompanied by 
a brief justification demonstrating that 
it is both reasonable and necessary. 
These assumptions often directly relate 
to your model sensitivity analysis or 
impact your model strengths and weak‑
nesses. For example, if you assumed a 
certain value or no impact by a certain 
exterior factor, how would changing 
this assumption impact the validity of 
your model conclusions? Teams that do 
well recognize the extent to which their 
assumptions limit and shape their 
model, and they provide an upfront 
and transparent analysis of how chang‑
ing some assumptions might impact 
their model and results. See Example 3 
for a concise and well written set of  
assumptions with justifications of Problem 
B from Team #14048. The team cited  
external resources to clearly define the 
scope of their model in two ways: (1) 
specifying which greenhouse gas emis‑
sions would be used in evaluating their 
model, and (2) specifying which  
processes in the manufacturing process 
could be ignored due to negligible 
emissions. 
 
Definition and Use of  
Variables 
Most mathematical models include  
several variables that teams must define 
for the reader. This list of variables 
should include the variable symbol, a 
brief description of the variable, and the 
units of the variable. Judges often see 
lists of 10, 20, or even 30 or more unique 
variables in HiMCM submissions. 
There is no minimum or maximum 
number of variables the judges are 
looking for, but rather did the students 
choose an adequate set of variables. 
Any complexity gained by adding an 
excessive number of variables is often 
offset by their practicality and useful‑
ness. Using best practices, teams should 
focus on a manageable set of variables 
when modeling. Judges often see many 
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variables that are defined but never 
used in the models. Additionally, as 
you use variables in your model, re‑
mind the reader of the variable defini‑
tions and units. This practice assists the 
reader in following the logic of your 
process. A nice list of variables for Problem 
A is shown by team #14632 in Example 
4. Their list both defines the variables 
and includes units of measurement 
where applicable. In Example 5, Team 
#13694 for Problem B similarly provided 
concise lists of variables used before 
each section and would add a list of  
additional variables used at the start of 
the relevant sections they appeared. 
 
Mathematical Model 
The development of the mathematical 
model is the most important part of 
your submission. There is always more 
than one appropriate solution method 
to our HiMCM problems and so teams 
should address the problem with the 
mathematics they know and under‑
stand. Papers should explain the devel‑
opment of the mathematical model(s) 
and/or algorithm(s) and define all vari‑
ables in a logical manner. Teams should 
take the reader on a journey describing 
why they selected a particular model or 
decided to use one or more models. 
Better teams will explain why they 
choose their model and how they plan 
to use or modify it to fit this problem. 
Teams that merely present a model 
without explaining or showing the de‑
velopment of that model do not gen‑
erally do well. Although during your 
HiMCM work you may develop several 
models, presenting multiple models 
without identifying the most appropriate 
model to answer the questions is  
detrimental to your paper’s success. 
Judges are more impressed with a well 
thought out (and perhaps simple) 
model than with an overly complex 
model that a team struggles to apply. 
To impress the judges, focus on applying 
sound principles to your model that 
you understand. Judges do value crea‑
tivity and thinking “outside of the box” 
in your modeling process but be sure to 
balance creativity with your level of  
expertise and modeling experience. 

Judges continue to reward creativity. A 
submission that searched the internet 
for an existing model to apply may not 
do as well as a team who modified an 
existing model to address the situation, 
or took the results from one model as 
inputs to another model. So, be creative 
and have fun. 
 
Perhaps the most important step of the 
modeling process is the last one:  
explicitly present your final model in its 
full form. Do not make the judges have 
to look for your final model. Judges 
continue to see papers with an initial 
model mentioned in one section and 
then different models used in subse‑
quent sections without the team con‑
necting the models logically. Be consistent 
and logical with your modeling process 
and guide the reader through your  
solution. Clearly identify your model(s) 
and then use your final model as you 
address the problem requirements and 
determine your results. Does your 
model use the variables and the as‑
sumptions you made earlier in your 
submission? Papers that do not flow 
well tend to not be judged as the better 
and best papers.  
 
There are many ways to model and  
analyze the HiMCM problems. This 
year we saw a variety of appropriate, as 
well as creative, models to address each 
problem. The use of tables, graphs, and 
images is often helpful to show your 
modeling process. Judges appreciate a 
good mix of visual aids and quality 
writing. Papers that are pages and 
pages of text, or on the contrary are 
pages of graphs and charts with minimal 
text, do not do as well as others that 
have a good mix of both. The better 
papers will show a graph and chart and 
then immediately discuss the impact of 
this visual. We include several examples 
of the processes involved in model  
development for this year’s problems. 
For the first part of Problem A, the Dan‑
delion Problem, Team #14076 in Example 
6 creates an accessible transition dia‑
gram that provides a graphical basis for 
the team’s approach to modeling the 
potential spread of a single dandelion. 
The subsequent discussion steps the 

reader through the mathematics used 
to return one possible outcome from 
their model.  
 
Another approach that teams are en‑
couraged to explore is the use of pro‑
vided data to help develop all parts of 
their model. In Problem B, Team #14457 
creatively used some statistical tools 
with all the available data to identify 
three types of bus route behavior, 
which then formed the basis for their 
model; see Example 7.  
 
While not necessary, teams may use 
technical computing to enhance their 
models and results. One example that 
stood out to judges is highlighted in  
Example 8, where Team #13795 used 
the graphical simulation software  
Simulink to run simulations of their 
model for Problem B. Teams are  
encouraged to be creative with the com‑
putational tools they use. Those who 
can master a tool, use it effectively, and 
provide justifiable reasons for its use have 
the potential to stand out. However, we 
want to reiterate that using computa‑
tional software is not necessary for 
teams to do well in the HiMCM. 
 
The second part of Problem A was to 
create a model for calculating an ‘impact 
factor’ for potentially invasive plant 
species. Like all parts of the contest, 
judges do not compare student’s specific 
answers to a solution key. We are not 
looking for a particular answer. Judges 
are more interested in the assumptions 
and models chosen by the teams. We 
read a variety of responses, with some 
teams identifying dandelions as being 
more or less invasive and determining 
impact factors for numerous different 
plants. If the assumptions and other 
factors are properly justified, most  
solutions can be acceptable. In Example 9, 
Team #14211 effectively prepares the 
reader to understand their model by 
providing a thoughtful and thorough 
discussion of risk indicators for inva‑
sive species and their scoring criteria. 
 
For the final part of Problem B, teams 
were asked to devise a 10‑year roadmap 
to electrify bus routes in their chosen 
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cities. Throughout all submissions, 
teams effectively used their models 
from earlier parts of the problem to  
analyze what each year of electrification 
would entail. Given the real‑world and 
geographic nature of the problem, 
many teams went on to explicitly show 
what their plans would look like for 
each city. Team #14087 produced anno‑
tated maps showing which bus routes 
in their three chosen cities would be 
electrified, along with when in the 10 
years each would be replaced; this is 
provided in Example 10. 
 
Sensitivity Analysis 
Sensitivity analysis is an important part 
of the modeling process. Its primary 
purpose is to test some of the assump‑
tions made, including parameter values. 
If your model yields certain results 
based on these assumptions, what 
happens if you modify an assumption? 
Example 11 from Team #13753 provides 
an extensive look into changes in  
parameters such as temperature, pre‑
cipitation, wind velocity, and wind  
directions as part of their solution to 
Problem A. This type of analysis was 
well‑received by the judges. However, 
it should be noted that space limitations 
may not allow for such a substantial  
response. In this instance, the judges 
appreciated that the sensitivity analysis 
was accompanied by a brief discussion 
on the impact on the solution. This  
discussion can justify the use of ad‑
ditional space, as it naturally addresses the 
strengths and weaknesses of the model. 
 
While many teams save their sensitivity 
analysis for the end, some incorporate 
this analysis throughout as pieces of 
their model come together. Example 12 
illustrates this approach as part of Team 
#14323’s model development for Prob‑
lem B. 
 
Strengths and Limitations 
Given the limited time teams have to 
develop their models, it is expected that 
each model will exhibit both strengths 
and limitations. Teams should critically 
evaluate their proposed models and  
solutions, addressing strengths, limitations, 

and potential extensions or improve‑
ments. Is your solution reasonable? 
Under what conditions will it perform 
best, and where will it fall short? If 
more time or resources were available, 
what additional information would the 
team need to improve their model? 
This section is also an opportunity for 
teams to apply common sense and assess 
the reasonableness of their proposed 
solutions. Example 13 showcases a  
detailed discussion of the strengths and 
weaknesses of Team #14555’s models 
for Problem B. 
 
Conclusion 
Many students confuse the conclusion 
with the Executive Summary. The con‑
clusion wraps up the report, summing 
up the argument or providing the team’s 
opinion or judgment. In contrast, the 
Executive Summary is a stand‑alone 
section that allows a reader to quickly 
understand the entire problem, process, 
and solution. Team #14140’s conclusion, 
as shown in Example 14, effectively  
reminds readers of their process and  
reports results throughout their sub‑
mission for problem A. As a result, their 
concluding remarks were especially 
readable and served as an impactful  
reminder of their overall presentation.  
 
The Infographic, Blog,  
or Non-technical Article 
The purpose of this section is to dem‑
onstrate to the judges that you can convey 
your work and solution in common 
terms, regardless of the complexity of 
your mathematics or analysis. Often, 
the recipients and consumers of math‑
ematical modeling and research are not 
as technically astute as the mathemati‑
cians and scientists doing the work. 
Therefore, teams must translate their 
efforts into a shorter, descriptive format, 
such as a news article or graphic. This 
increases the likelihood that your  
audience will understand and seriously 
consider using your solution and rec‑
ommendations. This section should tell 
the same story as your technical write‑up 
but in a more accessible way, using 
straightforward writing and graphics. 

For instance, Example 15, a non‑technical 
article for Problem B, clearly presents 
Team #14789’s findings in an easy‑to‑
understand manner suitable for stake‑
holders. 
 
Although Problem A did not specifi‑
cally ask for teams to write a letter to a 
client, there were still many examples 
of informative graphics found through‑
out the submitted papers. A nice example 
is shown in Example 16 from Team 
#13719, who shared a map with pins 
identifying the locations they examined 
while modeling dandelion growth.   
 
Citations and References 
Citations and references are crucial in 
these papers and any other papers that 
use outside sources. Teams using existing 
models should cite their sources at the 
point they present the model and include 
a reference citation at the end of the 
paper. This applies to all graphs and 
tables taken from the literature as well. 
Use in‑line documentation with foot‑
notes or endnotes to give proper credit 
to outside sources. All data, figures, 
graphs, and tables from outside sources 
require documentation at the point 
where they appear in the paper. Lack of 
documentation will result in a lower 
designation. 
 
We have noticed an increase in the use 
of tertiary sources such as Wikipedia. 
While useful, information from Wikipedia 
might not always be accurate. Teams 
should recognize this and seek out  
primary sources such as research journal 
articles, government websites, and other 
reputable sources. 
 
AI Usage 
An Artificial Intelligence (AI) Usage  
Report is not a required element of the 
presentation, but if Large Language 
Models (LLMs) are utilized while 
building solutions, they need to be  
referenced. As noted in the contest 
guidance regarding LLMs, “It is important 
to note that LLMs and generative AI 
have limitations and are unable to  
replace human creativity and critical 
thinking.” The contest recognizes that 
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AI and large language models are rea‑
sonable tools to utilize while developing 
a modeling solution, but it is essential 
for teams to reference their use. The AI 
usage reports from Team #14209 (Prob‑
lem A) and Team #13921 (Problem B), 
found in Examples 17 and 18 respec‑
tively, more than satisfied this require‑
ment. Both teams shared their reports 
in readable formats, clearly identifying 
how LLMs were incorporated into their 
solution approaches. 
 
Final Thoughts 
On behalf of COMAP and the contest 
judges, we would like to again thank all 
advisors students for their participation 
in the HiMCM. Each year the quality 
and level of mathematics demonstrated 
by our high school student teams 
amazes and impresses our judges. We 
genuinely enjoy reading all solution 
papers. Successful teams use a wide 
variety and level of mathematics. While 
teams using post‑high school/under‑
graduate level mathematics are in a 
league of their own if they understand 
and can explain their work, teams using 
basic high school mathematics and 
much simpler approaches are often 
among our Outstanding designees. We 
encourage students of all levels to compete 
in future HiMCM competitions as well 
as our MCM/ICM contests targeted to 
undergraduates. To be successful, read 
the comments and guidance provided 
in this article, see the TIPS article on the 
COMAP website, and visit math‑
models.org to review previous problems. 

Follow us @COMAPMath on Twitter or 
COMAPCHINAOFFICIAL on Weibo, 
LinkedIn, and/or Facebook for infor‑
mation about all COMAP contests. 
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Example 1: Summary, Problem A 
Team #14632, Mass Academy of Math & Science, MA, USA
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Example 2: Summary, Problem B  
Team #13681, Nanjing Foreign Language School, China
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Example 3: Assumptions, Problem B,  
Team #14048, The High School Affiliated to Renmin University of China, China
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Example 4: Variables, Problem A 
Team #14632, Mass Academy of Math & Science, MA, USA
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Example 5: Variables, Problem B 
Team 13694, St. George’s School, Canada
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Example 6: Model Development, Problem A 
Team #14076, Shanghai Pinghe School, China
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Example 6: Model Development, Problem A, Continued 
Team #14076, Shanghai Pinghe School, China
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Example 6: Model Development, Problem A, Continued 
Team #14076, Shanghai Pinghe School, China
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Example 7: Model Development, Problem B  
Team #14457, Affiliated Middle School to Jilin University, China
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Example 8: Model Development, Problem B  
Team #13795, The High School Affiliated to Renmin University of China, China
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Example 9: Model Development, Problem A 
Team #14211, Shanghai World Foreign Language Academy, China



56  CONSORTIUM 126 Spring/Summer                         

HiMCM Contest

Example 9: Model Development, Problem A, continued 
Team #14211, Shanghai World Foreign Language Academy, China
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Example 9: Model Development, Problem A, Continued 
Team #14211, Shanghai World Foreign Language Academy, China
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Example 10: Model Development, Problem B 
Team #14087, BASIS International School Guangzhou, China
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Example 10: Model Development, Problem B, Continued 
Team #14087, BASIS International School Guangzhou, China
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Example 11: Sensitivity Analysis, Problem A 
Team #13753, Beijing Keystone Academy, China
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Example 11: Sensitivity Analysis, Problem A, Continued 
Team #13753, Beijing Keystone Academy, China
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Example 11: Sensitivity Analysis, Problem A, Continued 
Team #13753, Beijing Keystone Academy, China
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Example 11: Sensitivity Analysis, Problem A, Continued 
Team #13753, Beijing Keystone Academy, China
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Example 12: Sensitivity Analysis, Problem B 
Team 14323, Durham Academy, NC, USA
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 Example 13. Strengths and Limitations, Problem B 
Team 14555, Shanghai Linstitute School, China
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 Example 14. Conclusion: Problem A  
Team 14140, Shanghai Pinghe School, China
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Example 15. Non‑technical Article, Problem B  
Team 14789, North Carolina School of Science and Mathematics, NC, USA
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Example 16. Infographic, Problem A  
Team 13719, Nanjing Foreign Language School, China
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Example 17. AI Usage Report, Problem A  
Team 14209, Shanghai World Foreign Language Academy, China
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Example 17. AI Usage Report, Problem A, Continued  
Team 14209, Shanghai World Foreign Language Academy, China
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Example 17. AI Usage Report, Problem A, Continued  
Team 14209, Shanghai World Foreign Language Academy, China
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Example 17. AI Usage Report, Problem A, Continued  
Team 14209, Shanghai World Foreign Language Academy, China



73 CONSORTIUM 126 Spring/Summer                                  

HiMCM Contest

Example 17. AI Usage Report, Problem A, Continued  
Team 14209, Shanghai World Foreign Language Academy, China
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Example 17. AI Usage Report, Problem A, Continued  
Team 14209, Shanghai World Foreign Language Academy, China



75 CONSORTIUM 126 Spring/Summer                                  

HiMCM Contest

Example 18. AI Usage Report, Problem B  
Team 13921, Shanghai Linstitute School, China
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Example 18. AI Usage Report, Problem B, Continued 
Team 13921, Shanghai Linstitute School, China
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Example 18. AI Usage Report, Problem B, Continued 
Team 13921, Shanghai Linstitute School, China
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Example 18. AI Usage Report, Problem B, Continued 
Team 13921, Shanghai Linstitute School, China


