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Congratulations to all the teams who 
participated in the second annual 

international Middle School/Level 
Mathematical Contest in Modeling 
(MidMCM)®. A total of 70 middle 
school/level teams, with up to four  
students each, representing 46 schools 
and 8 countries/regions, competed in 
MidMCM this year. The judges were 
impressed with the obvious time and 
effort that all teams put into their sub-
missions. The MidMCM is an amazing 
and rewarding experience for students, 
advisors, schools, and judges around 
the world. Laura Celik, an advisor for 
three teams from Princeton Charter 
School in New Jersey, USA, provides a 
reflection on the experience she and her 
students had with this contest in  
Reflections from a MidMCM Advisor in 
this issue of Consortium.  
 
We applaud all participants. In the end, 
three teams rose to the top and were 
designated Outstanding Winners. We 
are excited to have once again have the 
National Council of Teachers of Math-
ematics (NCTM) support the designation 
of one of our MidMCM teams as the 
NCTM Award winner. 
 
Outstanding Teams 
 
•12704 Wenzhou Nanpu Experimental 

Middle School, Zhejiang, China 

•13296 Princeton Charter School, NJ, 
USA (NCTM Winner) 

•13338 NUS High School of Math and 
Science, Singapore 

 
 
Kayla Blyman, Ph.D., is assistant professor 
of mathematics at Saint Martin’s University 
In Lacey, WA. She is also the ICM director.  
 
 

We are truly impressed by the amazing 
teamwork and creativity shown by  
participating students. The MidMCM 
problem, Polygon Paradise Park, chal-
lenged teams to balance the different in-
terests, priorities, and restrictions given 
for each member of a group of four 
friends to plan a day at an amusement 
park that was most enjoyable for the 
group. The variety of approaches that 
teams took to the problem delighted the 
judges. 
 
Overview 
While COMAP has offered inter-
national modeling contests for over 40 
years, in 2022 MidMCM joined HiMCM 
as an annual fall contest for the second 
time. As increasing numbers of schools 
engage their students in mathematical 
modeling, we see continued increasing 
participation in COMAP’s modeling 
contests. The HiMCM started with 115 
students and over the course of 25 
contests has had 44,544 students apply 
their mathematical knowledge and 
skills as they modeled challenging 
contest problems. We anticipate the 
MidMCM will similarly grow in 
numbers of students and teams as we 
saw evidence of that growth from our 
first year with 54 teams to this year with 
70 teams.  
 
The mathematical modeling ability of 
our MidMCM participants is evident in 
the problem solutions and professional 
submissions we receive. We acknowl-
edge and credit advisors and teachers 
for their work with these students. As 
teachers and students engage in math-
ematical modeling at all levels, we are 
happy and excited to assist your efforts. 
Let us know how COMAP might support 
your modeling activities. 

Results 
Table 1 shows the results of the 2022 
Middle School/Level Mathematical 
Contest in Modeling (MidMCM). 
 
In total, 258 students participated in the 
2022 MidMCM. A wide range of 
schools competed, including teams 
from Australia, Canada, China, Philip-
pines, Singapore, South Korea, the 
United States of America, and Vietnam. 
The 14 teams from the United States 
represented 9 states. Submissions  
included 56 foreign teams with China 
representing about 79% of those teams.  
 
Of the 258 student participants this 
year, 83 (32%) self-identified as female, 
128 (50%) self-identified as male, and 47 
(18%) did not specify gender. Our 
MidMCM participants are quite diverse. 
We hope that all students enjoyed their 
contest experience and continue to  
pursue further Science, Technology, 
Engineering, Arts, and Mathematics 
(STEAM) in their studies and beyond. 
We welcome all levels of middle 
school/level students to participate in 
the MidMCM. The only prerequisites 
for success in the contest are middle 
school/level mathematics skills and 
concepts and a desire to work on a team 
to solve a real-world problem.  
 
Rules 
Teams can schedule their own working 
time within the contest window. Our 
25-page limit for papers results in  
well-written and well-organized solu-
tion papers. Teams must choose what 
information, modeling, and graphical 
support is necessary to present their 
full analysis of the problem within 25 
pages. 
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One important rule is that students 
may only use the members of their own 
team along with inanimate (non-living) 
sources to complete the contest prob-
lem. Students may not use their 
teachers or advisors, 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 
field or an author of one of the refer-
enced sources is a violation of this rule. 
Gathering data from persons outside of 
your team through the use of an inter-
view or a survey or a questionnaire is a 
violation of this rule. Using solutions 
shared electronically by other teams or 
by organizations is a violation of this 
rule. Again, only the team members 
may contribute to the solution through 
their own knowledge and work, and by 
using inanimate resources (e.g. research 
articles, web sites, textbooks, journals, 
publications). Additionally, COMAP 
will never require that you purchase 
additional materials or information to 
be successful in the MidMCM. The ma-
terials and information provided by 
COMAP, along with your own team’s 
knowledge, skills, and perhaps a bit of 
research using allowed references, 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 to simultaneously judge 
papers. In December 2022, we con-
ducted our first round of contest judg-
ing with judges from the U.S. states of 
New Jersey, New York, Ohio, and 
Washington. Each paper is read and 
scored by two preliminary judges. We 

thank these judges for their careful re-
view of our MidMCM submissions. 
 
All judging is blind with respect to any 
identifying information about the par-
ticipants or their schools. Preliminary 
judges rank papers as Finalist, Merito-
rious, Honorable Mention, and Success-
ful Participant. Judges sent all papers 
ranked as “Finalist” or “Meritorious” to 
Final Judging. This year, 15 papers 
went to Final Judging for a panel of 
three judges to consider. These 15 
papers were the best submissions from 
the preliminary round. At final judging 
the judges decided which papers were 
designated as “finalist” and from those 
chose the “best of the best” as Outstand-
ing papers. Three papers earned the 
Outstanding award with four more 
being designated as Finalists. We feel 
that the structure of preliminary and 
final judging provides a good process 
for identifying our top papers. 
 

 
 The Future and  
The New MidMCM 
For 25 years, the HiMCM has sought to 
provide all high school students the  
opportunity to compete and achieve 
success in applying mathematics. 
COMAP’s mission of improving math-
ematics education for students of all 
ages was the motivation for offering the 
first MidMCM in 2021. Our efforts  
remain focused on meeting this impor-
tant mission. Mathematical modeling 
continues to grow at all school levels 
around the world, and we recognize 
that middle school students are now 
modeling too. The MidMCM will con-
tinue to occur concurrently with 
HiMCM in the fall each year. The 
MidMCM allows middle school/level 
students the opportunity to demon-
strate their mathematics and modeling 
abilities. Please visit www.midmcm.com 

for more details and the results of this 
contest each year. 
 
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  
enable student teams to look for pat-
terns and think logically about math-
ematics and its role as a language in our 
daily lives. Students gain confidence by 
tackling 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. Our 
MidMCM problems require only middle 
school/level mathematics. As in all of 
our contests, each of our problems is  
accessible on multiple levels. Students 
should apply the mathematics they  
understand and are able to explain in 
their solution analysis.  
 
Advisors need only be motivators and 
facilitators to encourage students to be 
creative and imaginative. COMAP  
encourages all middle school STEAM 
faculty to get involved, encourage your 
students to be problem solvers, make 
STEAM relevant, and open the doors to 
future success. We want to partner with 
teachers as we continually strive to  
improve the contest and make it acces-
sible and impactful to all students. Any 
school can enter, and each school can 
enter as many teams as that school  
desires. MidMCM has no restrictions on 
the number of total schools or the 
numbers of total teams from any one 
school or overall.  
 
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 be con-
fident, competent problem solvers.  
Success is not only about the procedural 
technique used, but the conceptual  
understanding in discovering the role 
of assumptions and model development 
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in driving those techniques to a valid 
solution and conclusion. The ability to 
recognize problems, formulate a math-
ematical model, use technology, and to 
communicate and reflect on one’s work 
are important skills to develop. Apply-
ing the mathematical principles and 
concepts that one learns is key to indi-
vidual and societal future success.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2023 Contest Dates 
Mark your calendars for the third an-
nual MidMCM, and the 26th HiMCM, to 
be held November 1 - 14, 2023. Registra-
tion for the 2023 MidMCM and 
HiMCM will open in September. Stu-
dent teams may work at any time dur-
ing the contest window. At the team 
members’ convenience, teams down-
load and choose their problem, com-
plete their modeling solution, and 
electronically submit their solution doc-
ument by the deadline on November 
14th. Again in 2023, one team for each 
problem will receive the NCTM award. 
Teams can learn more about COMAP’s 
contests and registration at : 
www.midmcm.com.  
 
 

MathModels.org 
Powered by COMAP content, Math-
Models.org is a wonderful resource for 
students and teachers to make math-
ematical 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 mathematical and interdisciplinary 
modeling contests. We encourage you 
to visit www.mathmodels.org. 
 
Problem Discussion  
We were once again extremely pleased 
with the submissions in the second  
annual MidMCM. The teams followed 
the guidance and submitted well-written 
and organized papers with appropriate 
mathematics, explanations, and dia-
grams. 
 
Our MidMCM problem was accessible 
to students using only middle 
school/level mathematics. Some teams 
attempted to use advanced concepts 
and tools found on the Internet that 
they did not explain clearly or use ap-
propriately. Judges recognized this, and 
these papers did not do well. We are not 
looking for papers that use the most  
advanced mathematics. We have found 
that the best papers develop a math-
ematical model that incorporates mid-
dle school/level mathematical concepts 
and tools that the teams understand, 
are able to fully explain, use appropri-
ately, and analyze subsequent 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 discussion below 
provides comments on how teams  
addressed the requirements of the Polygon 
Paradise Park problem. Following this 
section, we provide judges’ comments 
about the solutions and presentations 
by breaking down the various parts of 
a submission. To view the complete 
problem statement, visit       
www.mathmodels.org  or   
www.contest.comap.org/highschool/ 
contests/himcm/previous%20prob-
lems.html. 
 

Problem C: Polygon  
Paradise Park 
Anytime a group of people spend time 
together there is a certain balancing of 
preferences that must occur for everyone 
to have a positive experience. This is 
most apparent when traveling or  
attending events where choices must be 
made. We asked MidMCM teams to do 
the balancing work for a group of 
friends visiting Polygon Paradise Park. 
As is the case with most groups of 
people, the group of friends described 
in the problem had diverse interests 
and requirements for their day at Polygon 
Paradise Park. 
 
Overall, the MidMCM problem asked 
teams to create a schedule for the day 
that would be most enjoyable for the 
group of four friends described. After 
developing the schedule for the 
group,teams were asked to share their 
schedule with the group of friends in a 
letter explaining why it is the best 
schedule for the friends. Finally, teams 
were asked to reflect on their modeling 
experience by thinking about how they 
could apply their process to create a 
schedule for their MidMCM team to 
spend a fun day at Polygon Paradise Park.   
 
While the problem statement provided 
general descriptions of requirements 
and preferences of each of the four 
friends, many teams chose to expand 
upon these descriptions. Teams then 
needed to determine what each of the 
friends would enjoy doing at Polygon 
Paradise Park based upon the resulting 
description of each. Additionally, a 
scaled map of the park was provided 
along with waiting times throughout 
the day and event durations for each of 
the places shown on the map. Neither 
the problem statement nor the ad-
ditional information provided gave 
travel times from one location to 
another. Teams needed to make an  
assumption about the speed the group 
of friends would walk and to use the 
map scale and measurements they 
made to determine how long it would 
take to get from one location to the next. 
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OutstAnding  

          FinAlist  
     MeritOriOus  

     HOnOrAble MentiOn  
   suCCessFul PArtiCiPAnt

 
After final judging, MidMCM 
papers receive a designation in 
one of the categories above.  
Depending upon the quality of 
the papers, the top 20-25% of 
submitted papers receive a desig- 
nation of Meritorious or above, 
with approximately the top 1-2% 
designated as Outstanding.
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After figuring out what an ideal day 
would look like for each of the friends 
individually, teams needed to figure out 
how to merge the days of all four 
friends so that each would feel like they 
had a great day at Polygon Paradise 
Park. The problem statement allowed 
for the group of friends to spend four 
hours of the day as two groups of two 
instead of as a group of four and most 
teams chose to do just that. As teams 
constructed their schedule for the day, 
they needed to not only take into con-
sideration the preferences of the friends, 
but they also needed to consider wait 
times throughout the day as well as the 
time it would take the friends to walk 
from one location to the next. 
 
Once teams had developed a schedule, 
they were required to write a one- to 
two-page letter to the group of friends 
that described the highlights of their 
recommended schedule and explained 
why their schedule offered the best  
possible day at Polygon Paradise Park 
for the group of friends. This was an  
opportunity for teams to communicate 
their modeling to a group of their peers. 
Additionally, it was a chance for them 
to give insights to considerations they 
had chosen not to include in their  
modeling by addressing them in the  
argument for why their schedule pro-

duced the best day. As a bonus, many 
teams showcased their creativity quite 
well as a part of this letter. 
 
Finally, teams reflected on their mod-
eling by thinking about how the best 
schedule for their MidMCM team 
would differ from the one they devel-
oped for the group of friends presented. 
Teams were not required to create a 
schedule for their MidMCM team, but 
they were asked to reflect on how the 
process they used to develop the schedule 
for the group of friends given could be 
applied meaningfully to develop a 
schedule for their MidMCM team. 
Some teams chose to develop a schedule 
for their team, while many others 
stopped at comparing themselves to 
each of the four friends described in the 
problem statement. The most meaningful 
reflections more thoroughly explored 
the generalizability of both their model 
and their modeling process. 
 
Judges saw many interesting papers in 
the second MidMCM. Teams presented 
a range of methodologies, from simple 
and straightforward to more complex, 
to respond to the requirements of this 
problem. It seemed teams had fun  
developing their schedules and the 
judges were happy to see their creativity 
shining through. 

   Judges’ Discussion 
 
While the problem discussion above 
provides comments on the solutions to 
this year’s problem, 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’ points 
of view. At the end of the article, we 
have included excerpts from our Out-
standing papers as exemplars. Math-
models.org members can view all the 
unabridged versions of the Outstanding 
papers online. 
 
Overall 
Participants must ensure their papers 
follow the contest rules posted on the 
contest website. Papers that are coherent, 
organized, clear, and well written provide 
a great impression to the judges. The 
logic and mathematics of these papers 
are easy to follow. Teams should pres-
ent their entire submission in 25 pages 
or less, using at least 12-point font. 
These 25 pages should include your  
introduction/executive summary, your 
solution that addresses all require-
ments, a resource list, and any appen-
dices. While students may want to 
include some background research on 
the problem topic, this information 
should be brief. It is not the number of 
pages, but the ability to complete all 
problem requirements and communicate 
the solution in a concise and articulate 
fashion that will merit recognition. Stu-
dents should use spelling and grammar 
checkers before submitting a paper.  
Foreign papers should ensure that 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. 
These best papers communicate all the 
above clearly, do a sensitivity analysis, 
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address strengths and limitations, and 
finally, close by stating overall conclusions.  
 
As we did for the first MidMCM, we 
continued to offer students and teachers 
the following guidance to assist in  
organizing a problem solution submission 
for the second MidMCM. 
 

Guidance for MidMCM  

Solutions must be in PDF format 
and submitted in one PDF document. 
However, this does not preclude 
MidMCM teams from doing math-
ematics, graphs, tables, sketches, 
etc. by hand and including pictures 
of their work in the single PDF  
document submission. As students 
move to high school and the 
HiMCM, we expect that submissions 
will be typed. For the MidMCM, 
advisors may technically assist  
students in putting their solution 
components into one PDF format 
file for submission.  

As with HiMCM, there is a 25-page 
limit for the submission document. 
This does not mean your solution 
must be 25 pages. A shorter submission 
is certainly acceptable. All portions 
of your submission (text, graphs, 
tables, charts, pictures, etc.) must be 
within one PDF document that is  
25 pages or less. We accept partial 
solutions.  

In general, a complete solution sub-
mission is organized as follows:  

executive summary – Write this 
summary after you have done all 
your work. This one-page summary 
is Page #1 of your solution doc-
ument. It provides an overview  
of your work and includes actual 
results.  

table of Contents – List the major 
items in your solution document to 
show the organization of your 
paper.  

introduction and restatement of 
the Problem – Introduce the prob-
lem. Restate the problem and re-
quirements in your own words.  

Assumptions with Justifications – 
State any assumptions you made to 
simplify and solve the problem and 
state why you made those assump-
tions.  

Variable definitions – Define any 
variables you use in your model and 
equations.  

Presentation of Model and solu-
tion – Ensure you address all  
requirements and describe what 
you are doing in solving the problem. 
Show and explain all your work. 
Use representations that help you 
tell the reader how you solved the 
problem (for example: equations, 
tables, graphs, pictures, etc.).  

Analysis of Your work – Address 
any strengths (good points) and  
limitations (weaknesses) of your 
model and solution.  

Concluding Paragraph – End your 
solution paper with a final concluding 
paragraph that summarizes your  
results and/or makes recommenda-
tions for future work.  

reference list – List any sources 
that you used to solve the problem 
(for example, website pages, news-
paper, or magazine articles, etc.) 

 
 
Executive Summary   
As the first page, or cover sheet, the  
Executive Summary provides a first  
impression of your paper. It offers the 
judge (or any reader) not only a synopsis 
of the paper and your modeling and 
analysis process, but also the solution to 
the problem. Judges see many well- 
detailed descriptions of the problem 
and the process but look for well-
written and complete summaries that 
include the important actual results and 
recommendations. Teams should write 
the Executive Summary after they  
finish their solution to summarize the 
entire contents of the paper. Although 
written last, ensure you spend time on 
this important part of your submission.  
example 1 presents a good summary. 

Introduction/Background 
Following the summary, teams should 
provide some brief background, restate 
the problem, and perhaps provide a 
preview of the solution. Teams should 
not simply repeat what was in the sum-
mary. Most teams this year limited their 
background to a restatement of the 
problem. In example 2, a team restates 
the problem, choosing to expand on 
some parts while collapsing others. 
 
Assumptions with  
Justifications 
Good models make necessary assump-
tions to help simplify the modeling  
process. These are sometimes called 
simplifying assumptions. A common 
mistake judges see is teams that make 
assumptions that are not needed nor 
relevant to developing their model. 
Good and relevant assumptions are  
difficult to identify and articulately 
state. You should include a short justi-
fication to show each assumption is  
reasonable and necessary. example 3 
gives one of the longest assumptions 
sections we saw this year. However, it 
was not so long that it detracted from 
the modeling. This is due to the team’s 
use of all these assumptions in their 
model, making them all truly necessary, 
and the thorough justification of each 
which contributes greatly to the length 
of the section. The judges encourage 
teams to be discerning in their choices 
of assumptions. 
 
Definition and Use of  
Variables  
Most mathematical models include  
several (and sometimes many) vari-
ables that teams must define for the 
reader. This list of variables should  
include the variable symbol, a short  
description of the variable, and the units 
of the variable. Using best practices, 
teams should focus on a manageable set 
of variables when modeling. Additionally, 
as you use variables in your model,  
remind the reader of the variable defi-
nitions and units. This practice assists 
the reader in following the logic of your 
process. A nice list of variables for is 
shown in example 4. 
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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 MidMCM 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 
their thought process and steps. Better 
teams will explain why they choose 
their model and how they plan to use 
or modify it to fit this problem. Judges 
are more impressed with a well thought 
out (and perhaps simple) model then 
with a very complex model that a team 
struggles to apply. To impress the 
judges, focus on applying sound prin-
ciples to your model that you under-
stand. Judges do value creativity and 
thinking “outside of the box” in your 
modeling process but be sure to balance 
creativity with your level of expertise 
and modeling experience. So, be  
creative and have fun. example 5  
illustrates the power of using simple 
mathematics to address the Polygon 
Paradise Park problem. 
 
There are many ways to model and  
analyze the MidMCM problem. This 
year we saw a variety of appropriate, as 
well as creative, models. Many times, a 
picture is worth a thousand words! The 
use of tables, graphs, and images is 
often helpful to show your modeling 
process.  
 
The Letter 
The purpose of the letter is to show the 
judges that regardless of the complexity 
of your mathematics or analysis, you 
can convey your work and solution in 
common terms. Often, the recipients 
and consumers of mathematical mod-
eling and research are not as technically 
astute as the mathematicians and scientists 
doing the work. In writing the letter, 
teams must translate their hard work 
into a shorter descriptive format. This 
increases the likelihood your audience 
will understand and consider your  
solution and recommendations.   

Like your summary, the letter briefly 
describes the problem and background, 
your model or process, and your results 
and any recommendations. Some teams 
include visuals in their letter. These 
graphics can assist the team in presenting 
their process and the reader in under-
standing the model and results. example 6 
provides an example of a creative 
strong letter. 
 
Additional Details 
Sometimes teams go beyond the  
requirements of the problem in a way 
that shows how deeply they are thinking 
about the problem. These details are  
always appreciated by judges when 
they come in addition to, and not at the 
expense of, the problem requirements. 
example 7 provides one example of 
how a team did that on the Polygon 
Paradise Park problem by analyzing 
their resulting schedule for each of the 
four group members. In doing so, the 
team ensured that their final schedule 
was going to be a positive experience 
for each of the four group members and 
they shared with their readers how they 
knew that was going to be the case. 
 
Strengths and Limitations  
As teams only have a short time to  
develop their solutions, they should be 
critical of the approaches and math-
ematics they used in their solution. 
Teams should identify strengths and 
limitations of their work. Is your solution 
reasonable? Under what conditions will 
it perform best and where will it not? 
Additionally, teams should address 
how changes might impact their solution. 
Was there a critical assumption made 
that if changed would significantly 
change the solution? Would changing 
the values of any constants or multi-
pliers (coefficients) significantly impact 
your results? Teams should validate 
their models, even if by numerical  
example or intuition. example 8 gives 
an example of a thoughtful discussion 
of strengths and weaknesses. Few 
teams included a sensitivity analysis – 
an exploration of the impact of an  
assumption by changing it in some way. 
A fantastic assumption to explore in 
this problem for many teams would 
have been walking speed. What 

happens if the group moves faster or 
slower than you assumed they would?  
 
Reflection 
The purpose of the reflection part of 
this problem that asked teams to  
examine if their process could be  
replicated to develop a schedule for 
their MidMCM team visiting Polygon 
Paradise Park was to have teams think 
about the adaptability of their model. 
Few teams discussed this beyond the 
superficial details of their team 
member’s preferences. The few that did 
manage to start addressing the question 
of adaptability. example 9 is from a 
team who started to do just that after 
addressing some of the more superficial 
details. 
 
Conclusion  
A clear conclusion and answers to the 
specific scenario questions are key  
components to an Outstanding paper. 
Attention to detail and proofreading 
your paper prior to final submission are 
vital as the judges look for excellence in 
your submission. Teams should take 
the time to read the entire paper to  
ensure they have followed a logical 
sequence and flow that tells a story 
from start to end. Few teams included 
a conclusion like this, but several  
included a conclusion that was a meaning- 
ful reflection on their work, complete 
with ideas for the future. example 10 is 
one example of this type of  
conclusion that the judges saw often. 
 
Citations and References 
Citations are very important within the 
paper, as well as either a reference list 
or bibliography page at the end. Teams 
that use existing models should cite 
their source(s) within the paper at the 
point they present the model and  
include a reference citation in the back 
of the paper. This is also true for all 
graphs and tables taken from the litera-
ture. Use “in line” documentation with 
footnotes or endnotes to give proper 
credit to outside sources. All data,  
figures, graphs, and tables that come 
from outside sources require documen-
tation at the point in the paper where 
they appear. Lack of documentation 
will result in a lower designation. 
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Judges have noticed many teams using 
Wikipedia as a source. While Wikipedia 
can be a great tool for learning about 
something rather quickly, it is not an  
academic source and as such should not 
be trusted as a sole source. Teams should 
look for and use more authoritative – 
ideally primary sources – whenever 
possible.  
 
Final Thoughts 
The submissions for the second year of 
the MidMCM impressed judges and left 
them excited for the future of the 
contest. We truly enjoy reading all solu-
tion papers. We hope all participating 
students also enjoyed the experience 
and improved their mathematics, mod-
eling, and communication skills in the 
process. We encourage students of all 
levels to compete in future MidMCM 
competitions. To be successful, read   
the comments and guidance provided 
in this article, see the TIPS article on   
the COMAP website, and visit  
mathmodels.org to review previous 
problems. Follow us @COMAPMath on 
Twitter or COMAPCHINAOFFICIAL 
on Weibo for information about all 
COMAP contests. 

Laura Celik 
 I first heard of COMAP and the 
MidMCM from a message on the 
American Modeling Teacher’s Associ- 
tion (AMTA) email list. This was a few 
days before the registration deadline. I 
reached out to two of my students who 
had been active completing optional 
assignments and asked them if they 
would be interested in putting together 
teams to compete in the MidMCM. A 
few days later we entered three teams; 
two teams of 7th graders and one team 
of 8th graders. 
 I downloaded the problem statement as 
soon as it was available and shared it 
with my students. They were excited to 
find out they would be designing an 
ideal day at a theme park. It was the 
perfect topic for this age group. Most of 
the students had some personal 
experience to inform their work, and 
the choices they were optimizing 
between were varied and entertaining. 
The teams had two weeks to write a 25-
page paper detailing their solutions to 
the problem. They met in separate 
rooms for 30 minutes every day during 
Study Hall to work on the contest. As 
their advisor, I supervised but did not 
give feedback. Each team had its own 
style and developed its own workflow. 
 One of the 7th grade teams was very 
vocal. Every time I entered their 
classroom, someone was up at the 
whiteboard explaining their ideas, and 
the rest of the team was shouting out 
their support or disagreement. They 
were so animated and intense that a 
few other teachers came to me, wonder-
ing what was going on. This team had 
a clear team leader who led the 
sessions, and another teammate who 
kept everyone on track when it came to 
meeting deadlines. One member said: 
“It was fun to work together. The 
process of finding a solution was fun.” 
This team earned an Honorable Mention. 

 
The other 7th grade team was quieter. 
It was composed of four students who 
do not typically work together. They 
took a while to warm up to each  
other and to figure out who would lead  

List of Examples: 
1. Summary (Problem C, Team 12704, WenZhou 

Nanpu Experimental Middle School, China) 

2. Intro/Problem Restatement (Problem C, Team 
13338, NUS High School of Math and Science, 
Singapore) 

3. Assumptions (Problem C, Team 13296, Prince-
ton Charter School, USA) 

4. Variables (Problem C, Team 13338, NUS High 
School of Math and Science, Singapore) 

5. Model Development (Problem C, Team 13296, 
Princeton Charter School, USA) 

6. Letter and Plan (Problem C, Team 12704, 
WenZhou Nanpu Experimental Middle 
School, China) 

7. Additional Detail (Problem C, Team 12704, 
WenZhou Nanpu Experimental Middle 
School, China) 

8. Strengths and Limitations (Problem C, Team 
13296, Princeton Charter School, USA) 

9. Reflection (Problem C, Team 13296, Princeton 
Charter School, USA) 

10.  Conclusion (Problem C, Team 13338, NUS 
High School of Math and Science, Singapore)
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the group. Eventually they came 
together and completed the project. 
This team earned a rating of Successful 
Participant. 

 
The team of 8th grade students had less 
Study Hall time to work on their 
project. These four students take two 
math classes (Geometry and Algebra II) 
and have more daily homework. 
Despite their limited time, they were 
the most successful team. For two 
weeks, they would briefly meet, discuss 
their progress and any decisions that 
had to be made by the group, divide up 
the work, work on it independently, 
and then share the results with each 
other. They had two large work 
sessions outside of school. This team 
had two clear co-leaders, with support 
from the other two teammates. They 
earned an Outstanding ranking and 
were also named the NCTM Winner. 
One of the team members said: 
“COMAP was a great experience that 
allowed us to understand what it meant 
to think about a problem on a larger 
scale and for an extended period of 
time. Not only did it develop our 
analytical skills but also our collabora-
tive and organizational skills.” 
 
All twelve participants had their own 
unique experience with this project, but 
the overarching theme was growth. 
They were given a challenging problem 
and guidelines on how to present their 
solution, and then a set time each day 
to encourage their progress towards 
their goal. I would recommend MidMCM 
to any middle school teacher looking to 
provide a challenge to their students. 
The contest provides an opportunity for 
students to be team leaders, learn 
project management skills, and use 
skills they have learned in both math 
and language arts classes to create a 
unique solution that makes them proud. 
 
 
Laura Celik is a 7th and 8th Grade Science 
Teacher at Princeton Charter School in 
Princeton, NJ. She can be reached at 
lcelik@princetoncharter.org 

Reflections from a MidMCM Advisor
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A group of four friends has hired our team at the MidMCM Travel Agency to make sure each member 

has a great time during their one-day trip to Polygon Paradise Park. Our team is to develop a schedule 

WR�PDNH�WKH�JURXS¶V�GD\�DW�WKH�SDUN�WKH�EHVW�SRVVLEOH� 

There are 17 different locations in this park, we call them as Xi.!First, we assign these 17 locations 

coordinate values in pixels,!and use the Euclidean distance to calculate the pixel distance between any 

two locations. Then, we convert the pixel distance to walking time, and find the center location is 

X13(Restroom, WC). Third, we transform the problem into a TSP problem, and find the shortest 

traversal path. Fourth, on the basis of the shortest traversal path, we divide the park map into 4 parts. 

Before the partitioning, 37% of walk times were 5 minutes or more. After partitioning, the walking 

time of the farthest two points is 5 minutes. 

When develops the schedule, we arrange key locations first, and divide the 12 hours into four different 

sections, each section corresponds to a part of the park. After completing the development of the 

schedule, we gave each member of the team corresponding notes. 

There are five highlights in our schedule. 

z The average waiting time value for 

completing 10 rides only 7.5 minutes.  

z The longest walking time not exceed 5 

minutes.  

z The schedule includes enough free time. 

z Fully meet everyone's different needs.  

z All rides and shows will be completed. 

The time allocation arrangement in one day'

Example 1: Summary Problem C,  
Team 12704, WenZhou Nanpu Experimental Middle School, China
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1.1 Problem interpretation 

 
Our problem RU�µFKDOOHQJH¶�is to plan a day of fun at Polygon Paradise Park for four friends. The park is open 
from 9am to 9pm. There are various activities in the amusement park, including rides of different types and 
thrill levels; a show with various performances throughout the day; food options, entertainments and other 
more basic facilities. We will have to meet the different requirements of the 4 friends to ensure maximum 
level of happiness. But no matter how perfectly we plan the activities, there will always be walking and waiting 
time. There is also a limitation that to maximise the enjoyment of the friends, it will be necessary to divide a 
4 hrs period, 

Preference of the 4 friends 

-Ming cannot go on rides with extreme thrills or medium thrills after lunch. If not, he will throw up and 
severely lessen the enjoyment of himself and others. Ming also wants to win some prizes at the JDPH¶V booth. 

-Ishmael wants to try out as many roller coasters as possible, which includes extreme thrills, hence Ming and 
Ishmael cannot be together. He also wants to attend the magic show. 

-Karine is very impatient and cannot wait in long lines which make splitting up her with Ming perfect as Ming 
cannot tolerate the extreme thrills and usually it's the extreme thrills that have long lines. She also wants to 
see the circus acrobatics show. And she has some allergy that makes her unable to eat hot dogs. 

-Freya likes water rides and wants to spend time with friends. She also wants to have a souvenir to remember 
the trip. 

 

1.2 Research motivation 
  

      -To develop a method to do scheduling while meeting the preferences of all friends 
-To create a Mathematical Model to evaluate the scheduled cases enjoyment level 

-To select the best trip schedule for the four group of friends to meet all preferences 

 

  

Example 2: Intro/Problem Restatement Problem C,  
Team 13338, NUS High School of Math and Science, Singapore
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Ȝɹ�ņņœĞĿŎăĦğņ

țɒ ¦¾ĘĔăğ÷ɹ�ĿááÝɔɹ�ÿáɹŨ¾ĘĔăğ÷ɹņĿááÝɹöĦłɹŎÿáɹ÷łĦœĿɹăņɹ×ĦğņŎ¾ğŎɹ¾ğÝɹăņɹțɒȝɹĞɟņɒ

RœņŎăƃ×¾ŎăĦğɔɹ�ÿăņɹăņɹŎÿáɹ¾ŧáł¾÷áɹŨ¾ĘĔăğ÷ɹņĿááÝɹ÷ăŧáğɹÖŮɹŎÿáɹ^��EɒɹɡȜɢɹ¾ğÝɹŎÿăņ
¾ņņœĞĿŎăĦğɹĦöɹ×ĦğņŎ¾ğŎɹĿ¾×áɹŨăĘĘɹÿáĘĿɹĦœłɹŎ¾ņĔɹĦöɹ×łá¾Ŏăğ÷ɹ¾ɹĞĦłá
ņŎł¾ă÷ÿŎöĦłŨ¾łÝɹ¾ğÝɹ¾××œł¾ŎáɹĞĦÝáĘɒ

Ȝɒ �¾ŎÿłĦĦĞɹ�ņ¾÷áɔɹ�ÿáɹ÷łĦœĿɹŨăĘĘɹÿ¾ŧáɹŎĦɹ÷ĦɹŎĦɹŎÿáɹÖ¾ŎÿłĦĦĞɹȝɧȞɹŎăĞáņɹÝœłăğ÷
ŎÿáɹÝ¾ŮɹŎłăĿɒ

RœņŎăƃ×¾ŎăĦğɔɹ�××ĦłÝăğ÷ɹŎĦɹĦœłɹņĦœł×áņɹɡȝɢɹɓɹŎÿáɹ¾ĞĦœğŎɹĦöɹÖ¾ŎÿłĦĦĞɹŎłăĿņɹăğɹȜȞ
ÿĦœłņɹăņɹ¾łĦœğÝɹȞɧțȚɓɹŎÿáɹ¾ŧáł¾÷áɹĦöɹŨÿă×ÿɹăņɹȡɒɹ�ăğ×áɹŎÿáɹ÷łĦœĿɹăņɹĦğĘŮɹăğɹŎÿá
Ŀ¾łĔɹöĦłɹțȜɹÿĦœłņɓɹŨáɹ×¾ğɹņ¾ŮɹŎÿáɹ¾ŧáł¾÷áɹŎłăĿɹăņɹ¾łĦœğÝɹȞɹŎăĞáņɒɹɡłĦœğÝáÝɹöłĦĞ
ȝɒȟɢ

ȝɒ �łá¾Ĕö¾ņŎɔɹ�ÿáɹ÷łĦœĿɹ¾ŎáɹÖłá¾Ĕö¾ņŎɹÖáöĦłáɹ¾łłăŧăğ÷ɹ¾Ŏɹ}ĦĘŮ÷Ħğɹ}¾ł¾Ýăņáɹ}¾łĔɒ

RœņŎăƃ×¾ŎăĦğɔɹ�××ĦłÝăğ÷ɹŎĦɹ^ĦłŎÿŨáņŎáłğɹ]áÝă×ăğáɓɹĿáĦĿĘáɹņÿĦœĘÝɹ¾ăĞɹŎĦɹá¾Ŏ
Öłá¾Ĕö¾ņŎɹŨăŎÿăğɹ¾ğɹÿĦœłɹĦöɹŨ¾Ĕăğ÷ɹœĿɒɹ�ɹņœłŧáŮɹ×ĦğÝœ×ŎáÝɹÖŮɹ$ÝăņĦğɹ�áņá¾ł×ÿ
ņÿĦŨņɹŎÿ¾ŎɹĞĦņŎɹĿáĦĿĘáɹŨ¾ĔáɹœĿɹÖáöĦłáɹȡɔȝȚɓɹĞá¾ğăğ÷ɹŎÿáɹ÷łĦœĿɹĦöɹöłăáğÝņɹŨăĘĘ
ĞĦņŎɹĘăĔáĘŮɹá¾ŎɹÖłá¾Ĕö¾ņŎɹÖáöĦłáɹȢɔȝȚɒɹdœłɹđĦÖɹăņɹŎĦɹĿłĦŧăÝáɹ¾ɹņ×ÿáÝœĘáɹöĦłɹŎÿá
÷łĦœĿɹņŎ¾łŎăğ÷ɹöłĦĞɹȣɔȚȚɹ�]ɓɹņĦɹÖłá¾Ĕö¾ņŎɹŨăĘĘɹğĦŎɹÖáɹ×ĦğņăÝáłáÝɹ¾ņɹ¾ɹö¾×ŎĦłɹöĦł
ĦœłɹĞĦÝáĘɒ

Ȟɒ �łłăŧ¾ĘɹŎăĞáɔɹ�ÿáɹ÷łĦœĿɹ¾łłăŧáņɹ¾ŎɹŎÿáɹĿ¾łĔɹÖáöĦłáɹĦłɹ¾ŎɹȣɔȚȚɹ�]

RœņŎăƃ×¾ŎăĦğɔɹ¦áɹ¾łáɹŎ¾ņĔáÝɹŨăŎÿɹĿłĦŧăÝăğ÷ɹŎÿáĞɹ¾ɹņ×ÿáÝœĘáɹņŎ¾łŎăğ÷ɹ¾ŎɹȣɔȚȚɹ�]
¾ğÝɹáğÝăğ÷ɹ¾ŎɹȣɔȚȚɹ}]ɒɹ�ÿăņɹĞá¾ğņɹŎÿ¾ŎɹŎÿáŮɹ¾łáɹáŭĿá×ŎáÝɹŎĦɹ¾łłăŧáɹ¾ŎɹȣɔȚȚɹ�]ɓ
¾ğÝɹŨáɹ¾łá ĦğĘŮ łáņĿĦğņăÖĘáɹöĦłɹĿłĦŧăÝăğ÷ɹŎÿáɹņ×ÿáÝœĘá ÖáŎŨááğɹŎÿ¾ŎɹțȜɹÿĦœł
ŨăğÝĦŨɒ

ȟɒ �ÿáɹăÝá¾ĘɹĘœğ×ÿɹŎăĞáɹăņɹöłĦĞɹțțɹ�]ɹŎĦɹȜɹ}]ɹɡȞɧȟɹÿĦœłņɹ¾öŎáłɹÖłá¾Ĕö¾ņŎɢɒ

Example 3. Assumptions (Problem C, Team 13296,  
Princeton Charter School, USA) 
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RœņŎăƃ×¾ŎăĦğɔɹ�ÿáɹăÝá¾ĘɹĘœğ×ÿɹŎăĞáɹ¾××ĦłÝăğ÷ɹŎĦɹĞœĘŎăĿĘáɹņĦœł×áņɹăņɹȞɧȟɹÿĦœłņ
¾öŎáłɹÖłá¾Ĕö¾ņŎɓɹ¾ğÝɹțțɹ�]ɹŎĦɹȜɹ}]ɹ¾łáɹŎÿáɹ×ĦłłáņĿĦğÝăğ÷ɹŎăĞáņɹ¾ņņœĞăğ÷ɹ¾
Öłá¾Ĕö¾ņŎɹöłĦĞɹȡɧȣ�]ɒɹɡȟɢ

Ƞɒ �ĘĘɹĞá¾ņœłáĞáğŎņɹĦöɹŎăĞáɹăğɹĞăğœŎáņɹŨăĘĘɹÖáɹłĦœğÝáÝɹ�}ɹŎĦɹŎÿáɹğá¾łáņŎ
ĞăğœŎáɒ

RœņŎăƃ×¾ŎăĦğɔɹ�ł¾ŧáĘăğ÷ɹăğɹ¾ğɹ¾ĞœņáĞáğŎɹĿ¾łĔɹŨăĘĘɹğáŧáłɹÖáɹĿáłöá×Ŏɓɹ¾ğÝɹăŎɹăņ
×ĦĞĿĘáŎáĘŮɹĦĔ¾ŮɹŎĦɹĦĞăŎɹÿ¾Ęöɹ¾ɹĞăğœŎáɹöĦłɹŎł¾Ɓ×ɹ¾ğÝɟĦłɹ÷áŎŎăğ÷ɹĦğɹłăÝáņɒ

ȡɒ �ÿáɹ÷łĦœĿɹŨĦœĘÝɹĿłáöáłɹŎĦɹá¾ŎɹŎĦ÷áŎÿáłɒ

RœņŎăƃ×¾ŎăĦğɔɹ$¾Ŏăğ÷ɹăņɹ¾ğɹăğÿáłáğŎĘŮɹņĦ×ă¾Ęɹ¾×ŎăŧăŎŮɹ¾ğÝɹĞĦņŎɹĿáĦĿĘáɹĿłáöáłɹŎĦɹá¾Ŏ
ŨăŎÿɹĦŎÿáłņɓɹ¾ņɹáŧăÝáğ×áÝɹÖŮɹ¾ɹłáĿĦłŎɹöłĦĞɹŎÿáɹ�ğăŧáłņăŎŮɹĦöɹdŭöĦłÝɒɹɡȞɢ

Ȣɒ �áŎŨááğɹ÷ăŧáğɹÿĦœłņɓɹŨ¾ăŎɹŎăĞáņɹ×ÿ¾ğ÷áɹ¾Ŏɹ¾ɹ×ĦğņŎ¾ğŎɹł¾Ŏáɒ

RœņŎăƃ×¾ŎăĦğɔɹEŎɹăņɹœğĘăĔáĘŮɹŎÿ¾ŎɹŨ¾ăŎɹŎăĞáņɹņăĞĿĘŮɹđœĞĿɹăğɹŎăĞáɹöłĦĞɹĦğáɹÿĦœłɹŎĦ
ŎÿáɹğáŭŎɓɹņĦɹăŎɹăņɹĞĦņŎɹĿł¾×Ŏă×¾ĘɹĘĦ÷ă×¾ĘɹŎĦɹ¾ņņœĞáɹŎÿ¾ŎɹŨ¾ăŎɹŎăĞáņɹÝá×łá¾ņáɹ¾Ŏɹ¾
łĦœ÷ÿĘŮɹ×ĦğņŎ¾ğŎɹł¾Ŏáɒ

ȣɒ $¾×ÿɹĞáĞÖáłɲņɹĿłáöáłáğ×áņɹĞ¾ŎŎáłɹáŁœ¾ĘĘŮɹ¾ğÝɹ¾łáɹŨáă÷ÿŎáÝɹăğɹ¾ɹņ×ÿáÝœĘáɹ¾ņ
ņœ×ÿɒ

RœņŎăƃ×¾ŎăĦğɔɹ¦áɹ¾łáɹŎ¾ņĔáÝɹŨăŎÿɹ×łá¾Ŏăğ÷ɹŎÿáɹĞĦņŎɹáƁ×ăáğŎɓɹÖœŎɹ¾ĘņĦɹĞĦņŎ
áğđĦŮ¾ÖĘáɹŎłăĿɹöĦłɹŎÿáɹŎá¾ĞɒɹEöɹŨáɹÝăņłá÷¾łÝɹŎÿáɹĞáĞÖáłɲņɹĿłáöáłáğ×áņɓɹŎÿáŮ
ŨĦœĘÝɹÿ¾ŧáɹ¾ɹĘáņņɹáğđĦŮ¾ÖĘáɹŎăĞáɹ¾ŎɹŎÿáɹĿ¾łĔɓɹ¾ğÝɹŨáɹ¾łáɹŎ¾ņĔáÝɹŎĦɹ×łá¾Ŏáɹ¾
ņ×ÿáÝœĘáɹŎÿ¾Ŏɹ÷œ¾ł¾ğŎááņɹŎÿ¾ŎɹáŧáłŮĦğáɹÿ¾ņɹ¾ɹ÷ĦĦÝɹŎăĞáɒ

țȚɒ �ÿáɹ÷łĦœĿɹŨĦœĘÝɹĿłáöáłɹŎĦɹłăÝáɹłăÝáņɹ¾ŎɹŎăĞáņɹŨÿáğɹŎÿáɹŨ¾ăŎɹŎăĞáņɹ¾łáɹăğɹŎÿá
ÖĦŎŎĦĞɹŁœ¾łŎăĘáɒ

RœņŎăƃ×¾ŎăĦğɔɹ�ņɹáŧăÝáğ×áÝɹÖŮɹT¾łăğáɲņɹĿłáöáłáğ×áɓɹÿœĞ¾ğņɹ¾łáɹöœğÝ¾ĞáğŎ¾ĘĘŮ
ăĞĿ¾ŎăáğŎɒɹ8œłŎÿáłĞĦłáɓɹĞăğăĞăŶăğ÷ɹŨ¾ăŎăğ÷ɹŎăĞáɹ¾ĘĘĦŨņɹŎÿáɹ÷łĦœĿɲņɹÝ¾ŮɹŎĦɹÖá

Example 3. Assumptions (Problem C, Team 13296, Continued 
Princeton Charter School, USA) 
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Ğ¾ŭăĞ¾ĘĘŮɹáƁ×ăáğŎɒɹ�ÿáŮɹ×¾ğɹÝĦɹĞĦłáɹöœğɹ¾×ŎăŧăŎăáņɹ¾ğÝɹłăÝáņɹăğņŎá¾ÝɹĦöɹŨ¾ăŎăğ÷
ăğɹĘĦğ÷ɹĘăğáņɓɹŨÿă×ÿɹăņɹáŭĿĘ¾ăğáÝɹăğɹ¾ğɹ¾łŎă×Ęáɹ×ăŎáÝɹɡȠɢɒ

țțɒ $¾×ÿɹĞáĞÖáłɹĦöɹŎÿáɹ÷łĦœĿɹŨăĘĘɹŨ¾ğŎɹŎĦɹŎłŮɹĦŎÿáłɹ¾×ŎăŧăŎăáņɹŎÿ¾ğɹđœņŎɹŎÿáăł
ĿłáöáłłáÝɹ¾×ŎăŧăŎŮɒ

RœņŎăƃ×¾ŎăĦğɔɹ�ÿáɹ÷łĦœĿɹĞáĞÖáłņɹ¾łáɹğĦŎɹ×ĦğƃğáÝɹŎĦɹŎÿáăłɹņŎ¾ŎáÝɹĿłáöáłáğ×áņ
¾ğÝɹ¾ɹ×ĦĞĿĘáŎáɹ¾ĞœņáĞáğŎɹĿ¾łĔɹăņɹÝáņă÷ğáÝɹŎĦɹ×ĦğŎ¾ăğɹŧ¾łăáŎŮɒ

țȜɒ �ÿáɹ¾ł×¾ÝáɹăņɹĦĿáğɹöłĦĞɹȣɹ�ɒ]ɒɹŎĦɹȣɹ}ɒ]ɒɹ¾ğÝɹÿ¾ņɹğĦɹŨ¾ăŎăğ÷ɹŎăĞáɒ

RœņŎăƃ×¾ŎăĦğɔɹ�ÿáɹăğöĦłĞ¾ŎăĦğɹĿłĦŧăÝáÝɹÝĦáņğɲŎɹņ¾Ůɹ¾ğŮŎÿăğ÷ɹ¾ÖĦœŎɹŨÿáğɹŎÿá
¾ł×¾ÝáɹŨăĘĘɹÖáɹĦĿáğɓɹņĦɹŨáɹŨăĘĘɹ¾ņņœĞáɹŎÿáɹ¾ł×¾ÝáɹăņɹĦĿáğɹöłĦĞɹȣɹ�ɒ]ɒɹɧɹȣɹ}ɒ]ɒɹEğ
¾ğɹ¾ł×¾ÝáɓɹŎÿáłáɹ¾łáɹŨ¾ăŎăğ÷ɹŎăĞáņɹöĦłɹņĿá×ăƃ×ɹ÷¾ĞáņɓɹÖœŎɹğĦɹăğöĦłĞ¾ŎăĦğɹăņ
÷ăŧáğɹ¾ÖĦœŎɹ÷¾ĞáņɹĦłɹŨ¾ăŎăğ÷ɹŎăĞáņɒɹ¦áɹŨĦğɲŎɹ×ĦğņăÝáłɹŎÿăņɹ¾ņɹĿ¾łŎɹĦöɹĦœłɹĞĦÝáĘ
ŎĦɹĞ¾ĔáɹăŎɹĘáņņɹ×ĦĞĿĘáŭɒ

țȝɒ EŎɹŨăĘĘɹŎ¾ĔáɹłĦœ÷ÿĘŮɹțȚɹĞăğœŎáņɹöĦłɹ¾ɹÖ¾ŎÿłĦĦĞɹŎłăĿ

RœņŎăƃ×¾ŎăĦğɹɔɹdğáɹĦöɹŎÿáɹ¾łŎă×Ęáņɹ×ăŎáÝɹɡȡɢɓɹņŎ¾ŎáņɹŎÿ¾ŎɹăŎɹŎ¾Ĕáņɹ¾łĦœğÝɹȜȚɹņá×ĦğÝņ
ŎĦɹ¾×Ŏœ¾ĘĘŮɹ÷ĦɹŎĦɹŎÿáɹÖ¾ŎÿłĦĦĞɒɹAĦŨáŧáłɓɹ×ĦğņăÝáłăğ÷ɹŨ¾ņÿăğ÷ɹÿ¾ğÝņɓɹƄœņÿăğ÷
ŎĦăĘáŎņɓɹ¾ğÝɹŨ¾ăŎăğ÷ɹăğɹĘăğáņɓɹŨáɹŨăĘĘɹņ¾ŮɹăŎɹŎ¾Ĕáņɹ¾łĦœğÝɹțȚɹĞăğœŎáņɹöĦłɹ¾
Ö¾ŎÿłĦĦĞɹÖłá¾Ĕɒɹ9ăŧăğ÷ɹĘĦŎņɹĦöɹŎăĞáɹáğņœłáņɹŎÿ¾ŎɹăöɹŎÿáɹĘăğáɹăņɹĘĦğ÷áłɓɹăŎɹŨĦğɸŎ
¾ƀá×ŎɹŎÿáɹŨÿĦĘáɹņ×ÿáÝœĘáɒ

Example 3. Assumptions (Problem C, Team 13296, Continued 
Princeton Charter School, USA) 
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 2.2   Variables  
The variables we considered as shown in table 1: 
Table 1 Mathematical model analysis variables definition 

Variable Description ܪ௜ Happiness score, i ²-- team member ܥ�௝ Coefficient of happiness,ܥ�௝ א ሾെʹǡʹሿݐ௔௖௧௜௩௜௧௬ Time spent on ܽܿݕݐ݅ݒ݅ݐ�(min) ݐ௪௔௜௧ Waiting time (minutes) ݐ௪௔௟௞ Walking time (minutes) ݐ௕௨௙௙௘௥ Buffer time (minutes) ߙ௞ ௞ߙ א ሾͲǡͲǤ͸ǡͳሿߙ௞ ൌ ͳ if requirement is metߙ௞ ൌ Ͳ if requirement is not metߙ௞ ൌ ͲǤ͸ is when the requirement stated by
the question is not met. For example, 
separating the friends for more than 4 hrs a 
day. ܦ Walking distance (cm) 

Example 4: Variables Problem C,  
Team 13338, NUS High School of Math and Science, Singapore
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ɹ ɹ ɹ ɹ

Ȟɒȝɹ�ÿáɹ�×ÿáÝœĘá

ț

8ăłņŎɓɹĦğáɹÿ¾ņɹŎĦɹ×ĦğņăÝáłɹŨÿ¾ŎɹŎÿáɹƃłņŎɹáŧáğŎɹăņɒɹdöɹŎÿáɹłăÝáņɹĞáğŎăĦğáÝɓɹŎÿá
łăÝáɹŎĦɹĿłăĦłăŎăŶáɹăņɹŎÿáɹ á×¾÷Ħğɹ�Ħ¾ņŎáłɹÖá×¾œņáɹăŎɹăņɹŎÿáɹłăÝáɹŨăŎÿɹŎÿáɹĘĦğ÷áņŎɹŨ¾ăŎ
ŎăĞáņɓɹŨÿă×ÿɹăņɹņÿĦŨğɹăğɹŎÿáɹ÷ł¾Ŀÿɹ¾ÖĦŧáɒɹ�Ħɹ¾ŧĦăÝɹĘĦğ÷áłɹŨ¾ăŎɹŎăĞáņɹĘ¾ŎáłɓɹăŎɹăņɹĦĿŎăĞ¾Ę
ŎĦɹłăÝáɹăŎɹƃłņŎɒɹ¦ÿăĘáɹŨáɹĔğĦŨɹ]ăğ÷ɹ÷áŎņɹĞĦŎăĦğɹņă×ĔɹĦğɹłăÝáņɓɹăŎɹăņɹğĦŎɹĦĿŎăĞ¾ĘɹöĦłɹŎÿá
÷łĦœĿɹŎĦɹņĿĘăŎɹœĿɹöĦłɹĦğĘŮɹĦğáɹ¾×ŎăŧăŎŮɒɹ�ĦɹŎÿáɹ÷łĦœĿɹŨăĘĘɹ÷ĦɹŎĦ÷áŎÿáłɓɹ¾ğÝɹ]ăğ÷ɹ×ĦœĘÝɹņăŎ
ŎÿăņɹłăÝáɹĦœŎɒ

EöɹŎÿáŮɹłœņÿɹŎĦɹŎÿáɹ á×¾÷Ħğɹ�Ħ¾ņŎáłɓɹŎÿáŮɹ×¾ğɹÖáɹ¾ĞĦğ÷ɹŎÿáɹƃłņŎɹăğɹĘăğáɹ¾ğÝɹŎÿœņ
¾ŧĦăÝɹŎÿáɹĘĦğ÷ɹŨ¾ăŎɹŎăĞáɒɹ�ÿăņɹŨăĘĘɹŎ¾ĔáɹŎÿáɹ÷łĦœĿɹ¾ĿĿłĦŭăĞ¾ŎáĘŮɹŎÿłááɹĞăğœŎáņɒɹ¦á
×¾Ę×œĘ¾ŎáÝɹŎÿăņɹÖŮɹœņăğ÷ɹŎÿáɹöĦłĞœĘ¾ɹöĦłɹņĿááÝɒ

ņʄÝəŎ

dł

� �ÿăņɹ×ÿ¾łŎɹŨ¾ņɹĞ¾Ýáɹăğɹ9ĦĦ÷Ęáɹ�ÿááŎņɹŨăŎÿɹŎÿáɹăğöĦłĞ¾ŎăĦğ ÷ăŧáğɹăğɹŎÿáɹĿłĦÖĘáĞɒ

Example 5: Model Development Problem C,  
Team 13296, Princeton Charter School, USA
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ŎʄÝəņ

�ăğ×áɹŨáɹĔğĦŨɹŎÿáɹÝăņŎ¾ğ×áɹ¾ğÝɹņĿááÝɹ¾ĘĘɹŨáɹ×¾ğɹĿĘœ÷ɹăŎɹăğŎĦɹŎÿáɹáŁœ¾ŎăĦğɓɹ¾ğÝ
×ĦğŧáłŎɹĦœłɹ¾ğņŨáłņɹăğŎĦɹĞăğœŎáņɒ

Ŏ ʊɹȜȜȜɒȜȟĞɟțɒȝņ

Ŏ ࡨ ɘɞɘ՛ࡨ��ɚՕՑՖ
�ÿáğɓɹŨáɹÿ¾ŧáɹŎĦɹƃğÝɹŎÿáɹŨ¾ăŎɹŎăĞáɹ¾ŎɹȣɔȚȝɒɹ8łĦĞɹ¾ņņœĞĿŎăĦğɹĦğáɓɹŨáɹ¾łáɹ

¾ņņœĞăğ÷ɹŎÿáɹŨ¾ăŎɹŎăĞáɹăğ×łá¾ņáņɹ¾ğÝɹÝá×łá¾ņáņɹĘăğá¾łĘŮɒɹ�ÿáɹăğăŎă¾ĘɹŨ¾ăŎɹŎăĞáɹăņɹȚɹ
ĞăğœŎáņɓɹ¾ğÝɹŎÿáɹƃğ¾ĘɹŎăĞáɹ¾ŎɹŎÿáɹáğÝɹĦöɹŎÿáɹÿĦœłɹăņɹțȟɹĞăğœŎáņɒɹ�ÿáğɹŨăĘĘɹƃğÝɹŎÿáɹ
áŁœ¾ŎăĦğɹĦöɹŎÿăņɹņá÷ĞáğŎɹŎÿ¾ŎɹłáĿłáņáğŎņɹŎÿáɹŨ¾ăŎɹŎăĞáɹĦöɹŎÿáɹÿĦœłɒɹEöɹŨáɹœņáɹŎÿáɹņĘĦĿáɹ
ăğŎáł×áĿŎɹöĦłĞɹɔ

ŮʄĞŭʀÖ

ŭɳłáĿłáņáğŎņɹŎÿáɹŎăĞáɹăğɹĞăğœŎáņɓɹöĦłɹáŭ¾ĞĿĘáɓɹăöɹŎÿáɹŎăĞáɹăņɹțȚɔȚȟɓɹŭɳŨĦœĘÝɹÖáɹȟɹ
ņăğ×áɹŎÿáɹÿĦœłɹ×¾ğɹÖáɹĦĞăŎŎáÝɹöłĦĞɹŎÿáɹ×¾Ę×œĘ¾ŎăĦğɹĦöɹŎÿáɹņĘĦĿáɒɹ¦áɹ×¾ğɹĦĞăŎɹăŎɹÖá×¾œņáɹ
Ũáɹ×¾Ę×œĘ¾ŎáɹŎÿáɹņĘĦĿáɹĦöɹŎÿáɹÿĦœłɓɹņĦɹŎÿáɹÿĦœłɹŨĦœĘÝɹņŎ¾ŮɹŎÿáɹņ¾Ğáɒɹ ŮɳłáĿłáņáğŎņɹŎÿáɹ
Ũ¾ăŎɹŎăĞáɒ

�ĦɹƃğÝɹŎÿáɹņĘĦĿáɓɹŨáɹ×¾ğɹœņáɹɔ

Ğʄɳ
աՠəࡠࡠՠաɘə� ɘ

¦áɹ×¾ğɹĿĘœ÷ɹŎÿáɹğœĞÖáłņɹăğɓɹĞɳʄɳɡȚɧțȟɢɟɡȚɧȠȚɢɹʊɧțȟɟɧȠȚɹʊɹɐɓɹŨÿă×ÿɹăņɹŎÿáɹņĘĦĿáɒɹ�ÿáɹ
ŮɧăğŎáł×áĿŎɹăņɹȚɓɹņĦɹŎÿáɹáŁœ¾ŎăĦğɹŨăĘĘɹÖáɔɹŮʄɛɊɜŭʀțɌɳEöɹŨáɹĿĘœ÷ɹŎÿáɹŎăĞáɹăğɓɹȝɹĞăğœŎáņɓɹņĦɹ
ŮʊɑɹŨÿă×ÿɹăņɹɒȡȟɹĞăğœŎáņɓɹ¾ğÝɹŨáɹŨăĘĘɹłĦœğÝɹŎĦɹțɹĞăğœŎáɒɹ�ÿœņɹŎÿáŮɹŨăĘĘɹņŎ¾łŎɹ¾ŎɹȣɔȚȞɓɹ
¾ğÝɹŨăŎÿɹ¾ɹłăÝáɹŎăĞáɹĦöɹȝɹĞăğɹŎÿáŮɹŨăĘĘɹÖáɹƃğăņÿáÝɹ¾Ŏɹ¾ĿĿłĦŭăĞ¾ŎáĘŮɹȣɔȚȡɒɹ�ÿăņɹĞáŎÿĦÝɹ
ăņɹÿĦŨɹŨáɹ×¾Ę×œĘ¾ŎáÝɹŎÿáɹŨ¾ăŎɹŎăĞáņɹĦöɹŎÿáɹĦŎÿáłɹłăÝáņɹ¾Ŏɹ¾ɹņĿá×ăƃ×ɹŎăĞáɒ

Example 5: Model Development Problem C, Continued 
Team 13296, Princeton Charter School, USA
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! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! ! !

!"#$#%&''&(#')#*+#,(-&./0#
Dear MingǃIshmaelǃKarineǃFreyaˈ 

Thanks for hiring our team at the MidMCM Travel Agency to develop a schedule for your one-day 

trip to the Polygon Paradise Park.  We will try our best to provide you an ideal day guide at the park. 

/HW¶V�)DPLOLDUL]H�ZLWK�3RO\JRQ�3DUDGLVH�3DUN�DW�first. 
Introduction to the Park 

Polygon Paradise Park is a small amusement park open from 9am to 9pm. The park has ten rides of 

different types and thrill levels. The Trapezoid Show, a location with several different performances 

throughout the day, offers a circus acrobatics show, a magic show, and evening fireworks. The 

Games building has both arcade and carnival games. Food options include the Triangle Restaurant, 

WKH�KRW�GRJ�VWDQG��DQG�WKH�LFH�FUHDP�FDUW��7KH�KRW�GRJ�VWDQG�DQG�WKH�LFH�FUHDP�FDUW�DUH�³WDNH�DZD\´�
options, while the Triangle Restaurant requires 30-60 minutes to sit at a table and enjoy a meal. The 

restrooms (WC) are centrally located in the park for easy access. Visitors can purchase souvenirs in 

the gift shop located near the park entrance. 

Ideal day guide at Polygon Paradise Park 

 
Map of the Park                                            Schedule of the one-day trip 

Now let's take a look at the schedule of this trip. 

z First, this park will be divided into 4 parts and including 17 locations in our schedule. You will 

start the one-day trip at the location of Heptagon Coaster. Please arrive at this location at 9am on 

time. You will play in the park clockwise to minimize the waiting time and walking time. 

z You will have lunch about 12:15, and you can buy hot dogs as snacks. Considering Karine 

doesn't like hot dogs very much, we suggest that she can bring her own snacks. 

z After lunch, most of the queues in all attractions are already more than 30minutes. The afternoon 

and the late afternoon are the time for shows, games, mini-attraction, or some photo 

opportunities in the garden. 

Part Start
Time Location Wait

Time
Time
taken

Next
Location

Walking
Time

End
Time Time Tips

9:00 X4 0:10 0:02 X7 0:02 9:14 09:00-10:00 Heptagon Coaster
9:14 X7 0:00 0:15 X3 0:02 9:31 09:00-10:00 Pentagon Bumpers
9:31 X3 0:00 0:04 X8 0:02 9:37 09:00-10:00 Dodecagon Rapids
9:37 X8 0:05 0:03 X5 0:01 9:46 09:00-10:00 Rhombus Ride
9:46 X5 0:00 0:05 X1 0:01 9:52 09:00-10:00 Hexa-Swings
9:52 X1 0:05 0:03 X13 0:03 10:03 09:00-10:00 Concave Train

10:03 X2 0:30 0:03 X15 0:03 10:39 10:00-11:00 Decagon Coaster
10:39 X15 0:05 0:07 X13 0:03 10:54 10:00-11:00 Hot Dog
10:54 X13 0:00 0:06 X9 0:02 11:02 10:00-11:00 WC
11:02 X9 0:10 0:10 X16 0:01 11:23 11:00-12:00 Square Scramble
11:23 X16 0:05 0:25 X6 0:02 11:55 11:00-12:00 Icecream
11:55 X6 0:10 0:03 X17 0:01 12:09 11:00-12:00 Octagon Flume
12:09 X17 0:30 1:00 X10 0:02 13:41 12:00-13:00 Lunch
13:41 X10 0:05 0:05 X11 0:03 13:54 13:00-14:00 Star Burst Carousel
13:54 X11 0:06 1:00 X12 0:03 15:03 14:00-15:00 Magic Show
15:03 X12 0:00 0:54 X11 0:03 16:00 15:00-16:00 Games
16:00 X11 0:00 1:00 X14 0:05 17:05 16:00-17:00 Circus Acrobatics
17:05 X14 0:00 0:53 X17 0:02 18:00 17:00-18:00 Gift Shop
18:00 X17 0:10 1:00 X13 0:04 19:14 18:00-19:00 Dinner
19:14 X13 0:00 0:42 X11 0:04 20:00 19:00-20:00 WC
20:00 X11 0:00 1:00 / 0:00 21:00 20:00-21:00 Firework Show

Part I

09:00
-10:00

Part II

10:00
-11:00

Part III

11:00
-14:00

Part IV

14:00
-21:00

Example 6: Letter and Plan Problem C,  
Team 12704, WenZhou Nanpu Experimental Middle School, China
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z You will have dinner about 18:00, After your stomach is feeling good and you are feeling good, 

you can stick around and watch the fireworks show. 

z After the fireworks show, it's time to say goodbye. We have completed the exploration of all 

projects. I hope you are satisfied with this schedule. 

Highlights of the Schedule 
There are five highlights in our schedule. 

z Arrange the right project at the right time to reduce the waiting time. According to our schedule, 

the average waiting time for completing all 10 rides only 10 minutes. 

z During this day's trip, time will not waste on walking. The total walking time will be less than 1 

hour. The longest walking time shall not exceed 5 minutes. 

z The schedule includes enough leisure time, which can be used to have a meal, take a rest, play 

games or buy souvenirs.  

z At the same time, we will also make targeted arrangements according to the different needs of 

everyone to make the collective satisfaction as high as possible. 

z All rides and shows will be completed, and individual rides can be tried more than once. 

Four tips 
It is very important to know the following tips. 

z Pack light and wear sneakers. Before you go, think about what you absolutely need to bring with 

you. There are lockers at every roller coaster to drop your bag, but it might slow you down. And 

don't wear flip flops. On rides like Decagon Coaster, you will have to take them off. Plus, 

sneakers will help you get from one location to the other as fast as possible. 

z Follow the rules, not the other kids. The rules are to help you have fun, not spoil it. 

z Pay attention to specific safety instructions. Watch out when the rules say things like "hang on to 

the handles," "slide only feet first," "stay seated," "don't rock the seat," "get rid of gum before 

you ride" or "no flipping." When they post those rules, it is because they know those actions can 

cause kids to get hurt. 

z Read the signs and teach your parents some safety rules. Even adults get hurt when they put their 

hands in the air or don't ride properly. 

The final last, buy yourself a t-shirt to celebrate and a souvenir of your accomplishment! I hope 

\RX¶OO�KDYH�IXQ�DQG�PDNH�WKH�EHVW�out of your time. 

 

  

   

Example 6: Letter and Plan Problem C, Continued  
Team 12704, WenZhou Nanpu Experimental Middle School, China
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6.4 Notes for each one 
1.Notes to Ming
z The game time is scheduled at 15:00-16:00, about 1 hour of free time.

z All the extremely Thrill rides (X4, X8, X2) are arranged before lunch, you can decide whether to

participate in these rides according to your own situation.

z The waiting time of X2 is relatively long, and the project is more exciting, you can go to Games

instead. But be sure to wait by 10:39 at the hot dog stand, which is next door to the Games.

2. Notes to Ishmael
z We had nearly the entire afternoon to watch the show and could see three different shows. The

time of the magic show is scheduled for 14:00-15:00 in the afternoon.

z There are three extremely thrill roller coaster rides in the park, ZH¶YH all got them on the

schedule.

z If you want to participate in roller coasters repeatedly, you can invite the team to play them

together during the break. Available time is 17:00-18:00 or 19:00-20:00, the wait times for

those times are very short. But you must not miss the time to go to the next location with the

team.

3.Notes to Karine
z The good news for you is that most locations have relatively short wait times. All items except

X2 and X17 will have a wait time of less than 10 minutes.

z The time of the circus acrobatics show is scheduled for 16:00-17:00 in the afternoon.

z The lunch time is 12:00-13:00, and the dinner lunch is 18:00-19:00. We suggest that you can

bring yourself some snacks. Except for hot dogs, there are no other snacks that can be eaten in

this park.

4.Notes to Freya
z There are two water rides in the park, namely Dodecagon Rapids and Octagon Flume. Compared

with other rides, their play time is relatively long, I hope you enjoy yourself.

z Our schedule allows the group to be together for most of the day. Even during free time, best

friends can play some fun games into groups of two.

z The shopping time is scheduled at 17:00-18:00 at gift shop, about 1 hour of free time. Hope

you find meaningful souvenirs then. In addition, bringing a camera and capturing some beautiful

moments is also a good way to add meaning to the trip.

Example 7: Additional Detail Problem C,  
Team 12704, WenZhou Nanpu Experimental Middle School, China
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ɹ ɹ ɹ ɹ

ȟɹ�ğ¾ĘŮņăņ

ȟɒțɹ�Ŏłáğ÷Ŏÿņ

WăĔáɹ¾ğŮɹĞĦÝáĘɓɹĦœłɹĞáŎÿĦÝɹÿ¾ņɹņŎłáğ÷Ŏÿņɹ¾ğÝɹŨá¾ĔğáņņáņɒɹdğáɹĦöɹĦœłɹĞĦÝáĘɲņ
ņŎłáğ÷ŎÿņɹăņɹŎÿ¾ŎɹăŎɹăņɹáŭŎłáĞáĘŮɹá¾ņŮɹŎĦɹăĞĿĘáĞáğŎɹ¾ğÝɹÿ¾ņɹ¾ɹņăĞĿĘáɹŮáŎɹĘĦ÷ă×¾Ę
ņŎłœ×Ŏœłáɒɹ�ăĞăĘ¾łɹŎĦɹĞ¾ğŮɹĿĦŨáłöœĘɹ×ÿáņņɹáğ÷ăğáņɓɹĦœłɹĞĦÝáĘɹÝĦáņɹğĦŎɹ×ĦğņăÝáłɹ¾ĘĘ
ĿĦņņăÖĘáɹɯĞĦŧáņɓɰɹÖœŎɹł¾ŎÿáłɹĦğĘŮɹŎÿáɹĦğáņɹÝááĞáÝɹŎÿáɹĞĦņŎɹĘăĔáĘŮɹŎĦɹÖáɹĦĿŎăĞ¾Ęɒɹ¦áɹÝĦ
ŎÿăņɹÖŮɹĦğĘŮɹ×ĦğņăÝáłăğ÷ɹĦĿŎăĦğņɹŎÿ¾ŎɹŮăáĘÝɹ¾ğɹáŧáğŎɹăğɹŨÿă×ÿɹĦœłɹŧ¾łă¾ÖĘáņɹ¾łáɹ×ĘĦņáɹŎĦ
ĦĿŎăĞ¾Ęɹɡăɒáɹö¾×ăĘăŎ¾Ŏăğ÷ɹņÿĦłŎɹÝăņŎ¾ğ×áņɹ¾ğÝɹŨ¾ăŎɹŎăĞáņɹ¾ğÝɹ×ĦğöĦłĞăğ÷ɹŎĦɹŎÿáɹ÷łĦœĿņ
Ŀłáöáłáğ×áņɢɒ

�ğĦŎÿáłɹņŎłáğ÷ŎÿɹĦöɹĦœłɹņĦĘœŎăĦğɹăņɹŎÿ¾ŎɹăŎɹ×ĦğņăÝáłņɹáŧáłŮĦğáɲņɹĿłáöáłáğ×áņ
áŁœ¾ĘĘŮɹăğɹ¾ɹł¾ğĔáÝɹ¾ğÝɹĦł÷¾ğăŶáÝɹĞ¾ğğáłɹŎÿ¾ŎɹĿłĦŧăÝáņɹöĦłɹ¾ğɹáŁœ¾ĘĘŮɹáğđĦŮ¾ÖĘá
áŭĿáłăáğ×áɹöĦłɹáŧáłŮĦğáɒ

�ĞĦğ÷ɹŎÿáɹņĿá×ăƃ×ɹņŎłáğ÷ŎÿņɹĦöɹĦœłɹņĦĘœŎăĦğɹ¾łáɔ

Ɣ ¦áɹĦł÷¾ğăŶáÝɹŎÿáɹŨ¾ăŎăğ÷ɹŎăĞáɹöĦłɹŎÿáɹłăÝáņɹłáĘ¾ŎăŧáĘŮɹŨáĘĘɒɹɹ�ÿăņɹ¾ĘĘĦŨņɹŎÿá
÷łĦœĿɹŎĦɹ×ĦğŧáğăáğŎĘŮɹŧăņăŎɹ¾ĘĘɹŎÿáɹłăÝáņɹăğɹŎăĞáɒ

Ɣ ¦áɹ¾łł¾ğ÷áÝɹöĦłɹŎÿáɹ÷łĦœĿɹŎĦɹŨ¾Ŏ×ÿɹŎÿáăłɹĿłáöáłłáÝɹņÿĦŨņɹ¾ŎɹŎăĞáņɹŨÿáğɹŎÿá
÷áğáł¾ĘɹŨ¾ăŎăğ÷ɹŎăĞáņɹŨáłáɹŎÿáɹÿă÷ÿáņŎɒ

Ɣ �ÿáɹ÷łĦœĿɹăņɹņĿĘăŎɹœĿɹáƀá×ŎăŧáĘŮɹ¾ğÝɹĞ¾Ĕáņɹ÷ĦĦÝɹœņáɹĦöɹŎÿáɹ¾ĘĘĦŎŎáÝɹŎăĞá
Ɣ �ÿáɹ÷łĦœĿɹĦğĘŮɹņĿĘăŎɹœĿɹöĦłɹ¾łĦœğÝɹȞȚɹĞăğœŎáņɓɹ¾ğÝɹŎÿáŮɹņĿáğŎɹĞĦņŎɹĦöɹŎÿáɹŎăĞá

ŎĦ÷áŎÿáłɓɹŨÿă×ÿɹŨ¾ņɹ¾ɹĿłáöáłáğ×áɹĦöɹ8łáŮ¾ɒ
Ɣ �ÿáɹ÷łĦœĿɹÝăÝɹ¾ĘĘɹŎÿáɹłăÝáņɹŎŨă×áɓɹáŭ×áĿŎɹŎÿáɹÿáĿŎ¾÷Ħğɹ¾ğÝɹĦ×Ŏ¾÷Ħğɹ×Ħ¾ņŎáłɓ

Ũÿă×ÿɹĿłĦŧáņɹŎÿáŮɹĞ¾Ýáɹ÷ĦĦÝɹœņáɹĦöɹŎÿáăłɹŎăĞáɹ¾ğÝɹáğđĦŮáÝɹ¾ĘĘɹŎÿáɹĿ¾łĔɹÿ¾ÝɹŎĦ
Ħƀáłɒ

Ɣ �ÿáɹ÷łĦœĿɹŨ¾ņɹ¾ÖĘáɹŎĦɹ÷ĦɹŎĦɹ¾ĘĘɹŎÿáɹ¾×ŎăŧăŎăáņɹŎÿáŮɹŨ¾ğŎáÝɹŎĦɹÝĦɒ

Example 8: Strengths and Limitations Problem C,  
Team 13296, Princeton Charter School, USA
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ȟɒȜɹ¦á¾Ĕğáņņáņ
dœłɹĞĦÝáĘɲņɹŨá¾ĔğáņņɹăņɹŎÿ¾ŎɹŨÿăĘáɹăŎɹĿłĦÝœ×áņɹ¾ɹö¾ăłĘŮɹ÷ĦĦÝɹņ×ÿáÝœĘáɹăŎ

ĦÖŧăĦœņĘŮɹÝĦáņɹğĦŎɹĿłĦÝœ×áɹŎÿáɹăÝá¾Ęɹņ×ÿáÝœĘáɓɹ¾ğÝɹĦğáɹÝĦáņɹğĦŎɹĔğĦŨɹÿĦŨɹ×ĘĦņáɹăŎɹăņ
ŎĦɹŎÿáɹăÝá¾Ęɹņ×ÿáÝœĘáɒɹ�ĘņĦɓɹŨÿăĘáɹ¾ņɹĿłáŧăĦœņĘŮɹĞáğŎăĦğáÝɹăŎɹăņɹŧáłŮɹņăĞĿĘáɹŎĦ
ăĞĿĘáĞáğŎɓɹăŎɹăņɹņĘĦŨɹŎĦɹ¾ĿĿĘŮɹŨăŎÿĦœŎɹŎÿáɹ¾ăÝɹĦöɹ¾ɹ×ĦÝáÝɹŧáłņăĦğɹĦöɹŎÿáɹ¾Ę÷ĦłăŎÿĞɒ
�ğĦŎÿáłɹŨá¾ĔğáņņɹăņɹŎÿ¾Ŏɹ÷ăŧáğɹŎÿáɹĘăĞăŎ¾ŎăĦğņɹĦöɹŎÿáɹ÷ăŧáğɹÝ¾Ŏ¾ɹĦœłɹņĦĘœŎăĦğɹĞ¾Ĕáņ
áŭŎáğņăŧáɹœņáɹĦöɹŧ¾łăĦœņɹ¾ņņœĞĿŎăĦğņɹ¾ğÝɹÝĦáņɹğĦŎɹ¾ņņă÷ğɹğœĞáłă×¾Ęɹŧ¾ĘœáņɹŎĦɹŨÿ¾Ŏɹăņ
÷ăŧáğɹ¾ğÝɹŨÿ¾Ŏɹ×¾ğɹÖáɹÝáÝœ×áÝɒ

�ĞĦğ÷ɹŎÿáɹņĿá×ăƃ×ɹŨá¾ĔğáņņáņɹĦöɹĦœłɹņĦĘœŎăĦğɹ¾łáɔ

Ɣ ]ăğ÷ɹÝĦáņğɲŎɹņĿĘăŎɹĦƀɹöłĦĞɹŎÿáɹ÷łĦœĿɹăğɹŎÿáɹƃłņŎɹłăÝáɓɹŨÿă×ÿɹăņɹ¾ɹłĦĘĘáłɹ×Ħ¾ņŎáłɒ
]ăğ÷ɹŨĦœĘÝɹ÷áŎɹĞĦŎăĦğɹņă×Ĕğáņņɓɹ¾ğÝɹĘăĔáĘŮɹŨĦœĘÝğɲŎɹáğđĦŮɹŎÿăņɹłăÝáɒɹAĦŨáŧáłɓɹăŎ
ăņɹğĦŎɹáƁ×ăáğŎɹöĦłɹŎÿáĞɹŎĦɹņĿĘăŎɹœĿɹ¾ŎɹŎÿăņɹŎăĞáɓɹņĦɹŨáɹÿ¾ŧáɹŎĦɹĿłăĦłăŎăŶáɹŎÿáɹłáņŎ
ĦöɹŎÿáɹ÷łĦœĿɹĦŧáłɹ]ăğ÷ɓɹ¾ğÝɹņÿáɹ×ĦœĘÝɹáŧáğɹ×ÿĦĦņáɹŎĦɹņăŎɹŎÿáɹłăÝáɹĦœŎɒ

Ɣ EņÿĞ¾áĘɹŨĦœĘÝɹĿłĦÖ¾ÖĘŮɹĘăĔáɹŎĦɹ÷ĦɹĦğɹŎÿáɹłĦĘĘáłɹ×Ħ¾ņŎáłņɹņáŧáł¾ĘɹĞĦłáɹŎăĞáņɒ
Ɣ �ÿáɹ÷łĦœĿɹÝăÝɹğĦŎɹŧăņăŎɹŎÿáɹAĦŎɹ Ħ÷ɹņŎ¾ğÝɓɹ¾ņɹT¾łăğáɹÝĦáņɹğĦŎɹĘăĔáɹÿĦŎÝĦ÷ņɒ
Ɣ �ÿáɹ÷łĦœĿ

Example 8: Strengths and Limitations Problem C, Continued 
Team 13296, Princeton Charter School, USA
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ȡɹdœłɹ�×ÿáÝœĘá

�ÿáɹ¾ÖĦŧáɹņ×ÿáÝœĘáɹăņɹ÷łá¾ŎɹöĦłɹ]ăğ÷ɓɹEņÿĞ¾áĘɓɹT¾łăğáɓɹ¾ğÝɹ8łáŮ¾ɒɹAĦŨáŧáłɓɹăö
Ħœłɹ÷łĦœĿɹŨáğŎɹŎĦɹ}ĦĘŮ÷Ħğɹ}¾ł¾ÝăņáɓɹĦœłɹņ×ÿáÝœĘáɹŨĦœĘÝɹĘĦĦĔɹÝăƀáłáğŎɹņăğ×áɹŨáɹÿ¾ŧá
ÝăƀáłáğŎɹĿłáöáłáğ×áņɒɹ�ŨĦɹĦöɹĦœłɹ÷łĦœĿɹĞáĞÖáłņɹÝĦğɲŎɹáğđĦŮɹŨ¾ŎáłɹłăÝáņɓɹ¾ğÝɹĦğá
×¾ğɲŎɹá¾Ŏɹă×áɧ×łá¾ĞɒɹdğáɹĦöɹĦœłɹĞáĞÖáłņɹĘĦŧáņɹłĦĘĘáłɹ×Ħ¾ņŎáłņɓɹĦğáɹĘĦŧáņɹƃłáŨĦłĔņɓɹ¾ğÝ
ŎŨĦɹŨĦœĘÝɹĘĦŧáɹŎĦɹ÷ĦɹŎĦɹŎÿáɹ×¾łĦœņáĘɒɹ�ĘĘɹĞáĞÖáłņɹÝĦğɲŎɹŨ¾ğŎɹŎĦɹ÷ĦɹŎĦɹŎÿáɹ¾ł×¾ÝáɓɹņĦ
œğĘăĔáɹ]ăğ÷ɹ¾ğÝɹŎÿáɹĿłáŧăĦœņɹ÷łĦœĿɓɹŨáɹŨăĘĘɹğĦŎɹĞ¾Ĕáɹ¾ɹņŎĦĿɹ¾ŎɹŎÿáɹ¾ł×¾ÝáɹÝœłăğ÷ɹŎÿá
Ý¾ŮɒɹdğɹŎĦĿɹĦöɹŎÿ¾ŎɓɹĦœłɹ÷łĦœĿɹŨĦœĘÝğɲŎɹŨ¾ğŎɹŎĦɹņĿĘăŎɹœĿɹņăğ×áɹŨáɹŨĦœĘÝɹ¾ĘĘɹƃğÝɹăŎɹĞĦłá
áğđĦŮ¾ÖĘáɹŨăŎÿɹöłăáğÝņɓɹņĦɹŨáɹŨĦœĘÝɹÿ¾ŧáɹŎĦɹĞ¾Ĕáɹ×ĦĞĿłĦĞăņáņɹ¾ğÝɹĞă÷ÿŎɹÿ¾ŧáɹŎĦɹņăŎ
ĦœŎɹĦğɹ¾ɹ×ĦœĿĘáɹłăÝáņɒɹ¦áɹ¾łáɹ¾ņņœĞăğ÷ɹ¾ĘĘɹĦŎÿáłɹŧ¾łă¾ÖĘáņɹɡŨ¾ĘĔăğ÷ɹņĿááÝɓɹÝăņŎ¾ğ×áɓ
¾ğÝɹŨ¾ăŎɹŎăĞáņɢɹŨĦœĘÝɹņŎ¾Ůɹ×ĦğņŎ¾ğŎɒɹdœłɹņ×ÿáÝœĘáɹŨĦœĘÝɹ×ĦğņăņŎɹĦöɹņŎ¾łŎăğ÷ɹ¾Ŏ
AáĿŎ¾÷Ħğɹ�Ħ¾ņŎáłɹ¾ğÝɹ÷Ħăğ÷ɹ¾łĦœğÝɹŎÿáɹĿ¾łĔɓɹņĔăĿĿăğ÷ɹŎÿáɹ¾ł×¾Ýáɹ¾ğÝɹŨ¾ŎáłɹłăÝáņɓɹŎĦ
ĞăğăĞăŶáɹŨ¾ĘĔɹŎăĞáɒɹ œłăğ÷ɹĘœğ×ÿɹŎăĞáɓɹŨáɹŨĦœĘÝɹņĿáğÝɹ¾ğɹÿĦœłɹ¾ŎɹŎÿáɹŎłă¾ğ÷Ęá
łáņŎ¾œł¾ğŎɓɹņăğ×áɹŎÿ¾ŎɹăņɹŎÿáɹĞăğăĞœĞɹ¾ĞĦœğŎɹĦöɹŎăĞáɹŨáɹŨĦœĘÝɹĘăĔáɹŎĦɹņĿáğÝɹăğɹ¾
łáņŎ¾œł¾ğŎɹŎĦɹÿ¾ŧáɹöœĘĘɹáğđĦŮĞáğŎɒɹ¦áɹŨĦœĘÝɹŎÿáğɹÿ¾ŧáɹ¾ɹÖ¾ŎÿłĦĦĞɹÖłá¾Ĕɹ¾ğÝɹŎłŮɹŎÿá
ĦŎÿáłɹłăÝáņɓɹłăÝăğ÷ɹĦğɹŎÿáɹ×¾łĦœņáĘɹ¾ɹ×ĦœĿĘáɹĦöɹŎăĞáņɹŨÿáğɹŎÿáɹŨ¾ăŎɹŎăĞáɹăņɹĘĦŨɒɹ œłăğ÷
ĦœłɹŎłăĿɓɹdœłɹ÷łĦœĿɹŨĦœĘÝɹáğÝɹŎÿáɹÝ¾ŮɹĘĦĦĔăğ÷ɹ¾ŎɹŎÿáɹÖá¾œŎăöœĘɹƃłáŨĦłĔņɹņÿĦŨɒ

RœņŎɹĘăĔáɹŨáɹ¾ĿĿĘăáÝɹŎÿăņɹĞĦÝáĘɹŎĦɹ×łá¾Ŏáɹ¾ɹņ×ÿáÝœĘáɹöĦłɹĦœłɹ÷łĦœĿɓɹŎÿăņɹĞĦÝáĘ
×¾ğɹÖáɹ¾ĿĿĘăáÝɹŎĦɹ×łá¾Ŏáɹ¾ɹņ×ÿáÝœĘáɹŨăŎÿɹÝăƀáłáğŎɹĿ¾ł¾ĞáŎáłņɒɹ�ņăğ÷ɹŎÿáɹņ¾ĞáɹĞáŎÿĦÝ
Ħöɹ×ĦğņăÝáłăğ÷ɹŎÿáɹğáŭŎɹĦĿŎăĞ¾ĘɹáŧáğŎɹÖ¾ņáÝɹĦğɹĿłáöáłáğ×áņɓɹÝăņŎ¾ğ×áɓɹ¾ğÝɹŨ¾ăŎɹŎăĞáņɓ
Ũáɹ×¾ğɹÝáŧáĘĦĿɹ¾ɹņ×ÿáÝœĘáɹłá÷¾łÝĘáņņɹĦöɹŎÿáɹņĿá×ăƃ×ɹĿ¾ł¾ĞáŎáłņɒ

Example 9: Reflection Problem C,  
Team 13296, Princeton Charter School, USA
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Chapter 4 Conclusion and future development 
Conclusion:

Overall, we have accommodated the needs and constraints of the four friends and have made an optimal 
schedule for each of them. We have accommodated their needs and made a Gantt Chart for each of them. 
According to our analysis, we can conclude: 

Ɣ Gantt Chart is an efficient method for scheduling.

Ɣ Happiness mathematical model can be applied for the assessment of scheduling.

Ɣ We have also compared the schedule we designed for the four friends with the schedule we would
have designed for ourselves.

Ɣ Even though we have done the job required, there is always space for future development. Such as
making the Gantt chart in 3d.

Future Development: 

Ɣ Apply 3D Gantt Charts for a more complex scheduling [3]

Ɣ Apply CPLEX tool for this scheduling problem and find the optimum solution

Ɣ Plan multiple cases with different objectives such as walking time, activity time, waiting time while
fulfilling all the requirements stated by the question and the group of friends.

Example 10: Conclusion Problem C,  
Team 13338, NUS High School of Math and Science, Singapore


