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Activity #1: Population Estimation

Problem: Portland City Government is wondering how many people typically hang out at
Waterfront Park on a sunny day. They take an aerial photo (below). They also look at a Google
map of the area. Provide city officials with an estimate for the number of people in the park.

Activity #2: Driving for Gas
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Activity #3: The Art Gallery Problem

An art gallery is holding a special exhibition of small watercolors. The exhibition will be held in a rectangular room
that is 22 meters long and 20 meters wide with entrance and exit doors each 2 meters wide as shown below. Two
security cameras are fixed in corners of the room, with the resulting video being watched by an attendant from a
remote control room. The security cameras give at any instant a "scan beam" of 30°. They rotate backwards and
forwards over the field of vision, taking 20 seconds to complete one cycle.

For the exhibition, 50 watercolors are to be shown. Each painting occupies approximately 1 meter of wall space, and
must be separated from adjacent paintings by 1 meter of empty wall space and hang 2 meters away from connecting
walls. For security reasons, paintings must be at least 2 meters from the entrances. The gallery also needs to add
additional interior wall space in the form of portable walls. The portable walls are available in 5-meter sections.
Watercolors are to be placed on both sides of these walls. To ensure adequate room for both patrons who are
walking through and those stopped to view, parallel walls must be at least 5 meters apart throughout the gallery. To
facilitate viewing, adjoining walls should not intersect in an acute angle.

The diagrams below illustrate the configurations of the gallery room for the last two exhibits. The present exhibitor
has expressed some concern over the security of his exhibit and has asked the management to analyze the security
system and rearrange the portable walls to optimize the security of the exhibit. Define a way to measure (quantify)
the security of the exhibit for different wall configurations. Use this measure to determine which of the two previous
exhibitions was the more secure. Finally, determine an optimum portable wall configuration for the watercolor

exhibit based on your measure of security.

Figure 1: Exhibit Configuration: November 3-25, 2003 Figure:2:- Exhihit:Configuration:"March4-29, 2001
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Activity #4: The Next Plague

A routine humanitarian mission on an island in Indonesia reported a small village where almost
half of its 300 inhabitants are showing similar symptoms. In the past week, 15 of the "infected"
have died. This village is known to trade with nearby villages and other islands. Your modeling
team works for a major center of disease control in the capital of your country (or if you prefer,
for the International World Health Organization).

Develop a mathematical model(s) that performs the following functions as well as how/when to
best allocate these scarce resources and...

* Determines and classifies the type and severity of the spread of the disease

* Determines if an epidemic is contained or not

* Triggers appropriate measures (when to treat, when to transport victims, when to restrict
movement, when to let a disease run its course, etc...) to contain a disease



NCSSM Summer Bridge Modeling Activities

Bridge Problem #1: Classifying Midges

In 1981, two new varieties of a tiny biting insect called a midge were discovered in the jungles of Brazil by
biologists W. L. Grogan and W. W. Wirth. They dubbed one kind of midge an Apf midge and the other an Af
midge. The biologists found that the Apf midge is a carrier of a debilitating disease that causes swelling of the brain
when a human is bitten by an infected midge. Although the disease is rarely fatal, the disability caused by the
swelling may be permanent. The other form of the midge, the Af, is quite harmless and a valuable pollinator. In an
effort to distinguish the two varieties, the biologists took measurements on the midges they caught. The two
measurements taken were wing length and antenna length, both measured in centimeters. The data are provided
below.

Af midges
Wing length (cm)1.72 1.64 1.74 1.7 1.82 1.82 1.9 1.82 2.08
Antenna length (cm) 1.24 1.38 1.36 1.4 1.38 1.48 1.38 1.54 1.56

Apf midges
Wing length (cm)1.78 1.86 1.96 2.0 2.0 1.96
Antenna length (cm) 1.14 1.2 1.3 1.26 1.28 1.18

Is it possible to distinguish an Af midge from an Apf midge on the basis of wing and antenna lengths?
Source: “The Midge Problem,” Everybody’s Problems, Consortium, Number 55, Fall, 1995, COMAP, Inc.,
Lexington, MA.

Bridge Problem #2: Driving For Gas

Every driver recognizes the fluctuations in gas prices that happen almost on a weekly basis. Is it worth the drive
across town for less expensive gas? There is almost always a station on your normal route that is convenient, but
not necessarily inexpensive.

If you know the locations and the prices at all gasoline stations, at which station should you buy your gas? Does it
matter if you think that you are buying gallons of gas or that you are buying miles of travel? Develop a model that
can be used by owners of different cars that will tell them how far they should be willing to drive based on the
specifications of their car. You will design the input and output of an App that drivers could use to pick the best gas
station for them.

With your group you will turn in a poster showing your solution. It should have:
e the assumptions you have made in creating your model
e the mathematical model you used to determine which gas station is best
e the screens for an app based on your model. The first requests essential information, and the second is the
app’s response.



Bridge Problem #3: Assigning Elevators

In some buildings, all of the elevators can travel to all of the floors, while in others, the elevators are restricted to
stopping only on certain floors. Why? What might be the advantage of having elevators that travel only between
certain floors?

Suppose a building has 5 floors (1-5) that are occupied. The ground floor (0) is not used for business. Each floor
has 60 people working on it. There are three elevators (A, B and C) available to take these employees to their
offices in the morning. Everyone arrives at approximately the same time and enters the elevators on the ground
floor. Each elevator holds 10 people and takes approximately 25 seconds to fill on the ground floor. The elevators
then take 5 seconds between floors and 15 seconds on each floor on which it stops.

a) Suppose it is a holiday and only 5 people come to work today. Each person works on a different floor, and
they all ride the same elevator. How long will it take for everyone to get to work?

b) Now suppose that 5 people come to work and these five people do not all work on different floors. How long
will it take for everyone to get to work?

Why was question (b) harder to answer than question (a)? What assumptions will you need to make in order to
simplify the problem?

The goal of this assignment is to get everyone to the floor on which they work as quickly as possible by specifying
which elevators travel to which floors. In many modeling situations, the strategy one uses is to attempt to make the
worst possible situation as good as it can be. This is known as solving the worst case scenario. In the context of
the elevators in this building, the worst case scenario is that the elevator always stops on every floor to which it is
assigned. So, if for example, you decide in problem # 4 below to assign an elevator to take workers to floors 1, 3,
and 4, that elevator will always stops on those three floors.

In reality, this may not be true. That means that the actual solution is always equal to or probably better than the
worst case solution. If you can make the worst case solution good enough, then you don’t have to worry about how
it will perform in practice.

If all elevators go to all floors, how long will it take everyone to get to work?

Clearly state all of the simplifying assumptions you are making about this process.

If 80 people were late today, approximately when did the employees begin arriving?

Reassign the elevators to transport the employees to their offices as quickly as possible. What arrangement
produces the shortest time? If this arrangement had been used today, would everyone have arrived on time?

bl ali e

Extension: Suppose the number of workers on each floor is given below. How does this distribution of workers
change your elevator assignments?

Floor 0 1 2 3 4 5

# of employees 0 50 80 70 40 60




Scaffolding through the curriculum - introductory modeling activities

The Flagpole Problem:

Your school’s Buildings and Grounds Department needs to order a replacement flag for the flagpole
behind the school. Standard flag sizing recommends that the length of the flag is at least 1/4 the height
of the flagpole, and the width of the flag is approximately 2/3 the length of the flag. In addition, flag
protocol requires that the flag should never touch the ground, even when flying at half-staft. Using
only standard measuring tools, determine the height of the flagpole at your school, and use your results

to give the minimum and maximum dimensions of the replacement flag.

The Clock Problem:

A. Your school needs to order replacement wall clocks to match existing wall clocks. Using a coin
and standard measuring tools, and your knowledge of apparent size, estimate the diameter of
the replacement wall clocks.

B. We have located an old purchase request which includes information about the diameter of
the wall clock. Calculate the percent error in your estimate.

The London Olympics:

During the 2012 Summer Olympics, photographer Luke MacGregor (Reuters) took these photos of
the moon behind the Olympic Rings.

Question: How far was the photographer from the bridge?

Image source: Reuters

Good Sources for Modeling Problems:

1. HIMCM past problems & its activity site, http://www.mathmodels.org/

2. M3 Challenge past problems: https://m3challenge.siam.org/archives/

3. GAIMME report: http://www.siam.org/reports/gaimme-full_color for online_viewing.pdf
4. Robert Kaplinsky tasks: https://robertkaplinsky.com/lessons/

5. Math Modeling Hub (Fall 2018)
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Contests

1. The High School Mathematical Contest in Modeling (HiIMCM) was designed to provide
students with the opportunity to work as team members in a contest that will stimulate and
improve their problem solving and writing skills. This competition takes place with teams / —

consisting of up to four students working on a real-world problem during the 11 day contest
period in November. The registration fee is $100 per team.

Tips for preparing a solution paper
e Conciseness and organization are extremely important. Key statements should present major ideas and
results.
Present a clarification or restatement of the problem as appropriate.
Present a clear exposition of all variables, assumptions, and hypotheses.
Present an analysis of the problem, motivating or justifying the modeling to be used.
Include a design of the model. Discuss how the model could be tested.
Discuss any apparent strengths or weaknesses to your model or approach.
Incorporate lengthy derivations, computations, or illustrative examples in appendices. Summarize these in
the main report. Results must be explicitly stated in the body of the report.

2. MathWorks Math Modeling Challenge ™ Mathwoi'kg Math

The Challenge takes place during a weekend in March and has no participation .

fees. High schools in the U.S. may enter up to two teams of three to five junior . ’ MGdE‘] Ing Cha“Eﬂ g e
and/or senior students; homeschool and cyber school students may also

participate. Winners receive scholarship prizes totaling $100,000.

Advice for coaches from past participants

1. The students who have had the most success in the Challenge are those who are not only good at math,
but have an excellent work ethic, are enthusiastic, and are up to the challenge of working all day on a
problem they may find extremely difficult.

2. Try to select students with a variety of key qualities, such as research capability, leadership skills, writing
skills, and look for both logical and outside the box thinkers.

3.  You may want to consider having the following roles represented on your team: a writer, a project
manager, a mathematician, a researcher, and a well-rounded student.

4. Students’ ability to work together, open-mindedness, resourcefulness, and strong math and problem
solving skills will be important.

5. In preparation for the Challenge, it’s a good idea to assign a scaled down version of the previous year’s
problem to your students. After they have completed that task, show them videos of the winning teams
presenting their solution papers (in the online archives), and the winning solution papers. They tend to
have more confidence in their ability to handle this competition after they see that the Challenge is
“doable.”

6. Have students critique the past winners’ solution papers. Ask them to suggest what they would have done
with the problem.

7. Students should familiarize themselves in advance with software or other technology that they could use
for data analysis.

8. The open-ended nature of the problem means the students must perform research to fully understand
and define the problem, identify the problems’ important parameters, and learn to deal with uncertainty.
The large scale of the problem means the students must work as an integrated team to prioritize their
tasks and delegate responsibilities so they can complete, document, and write up their tasks in a
comprehensive report within a very strict deadline.

9. Teach students other modeling techniques — like basic network theory — and include modeling projects
in their calculus curriculum, if possible.



Example of a winning HIMCM summary sheet from The Next Plague problem:

Faced with the challenge analyzing an unknown disease and determining appropriate actions, our team developed
a model to determine the behavior of the disease and simulate its spread in the village. To add accuracy to our
model, given relatively little information, we ran the model countless times with different parameters in an
attempt to generalize the disease’s behavior.

We first looked toward the SIR model as the foundation of our simulation. We split the people of the village into
types: Susceptible, Infected, Recovered, as well as Dead. We also accounted for the potential latent period of
infection. Next we looked at the Rumor Spreading Model for insight. We had assumed the disease was spread
through human interaction rather than the use of vectors or other means. Therefore, we compared the spreading
of a rumor to the spreading of a disease, as both require human interaction and involve spreaders and receivers.
We manipulated the formula of rumor spreading to fit our model of the spreading of infection, and determined the
probability of a particular infected person infecting a susceptible person.

From these two models, we coded using Java our own model that simulated the spread of infection. We used the
given values of infected and susceptible to start with and allowed the members of the village to interact each day.
However, since we did not know many values crucial to determining the behavior of spread, we set them as
modifiable variables, seeing what would happen under different assumed conditions. We ran this program until
the number of infected people reached 0; in other words, the disease is exterminated.

We analyzed the data we received to classify the type and severity of the disease, and whether or not the epidemic
was contained. We concluded that this disease followed the behavior of a point source outbreak, and the epidemic
was quickly contained. From further analysis of our data, we also devised recommendations to prevent the spread
of this disease: namely, preventing contact with infected individuals as well as preventing contact between this
village and any other village.

Example of a winning HIMCM Assumptions section from The Next Plague problem:
Assumption: The virus in the case study problem is functionally equivalent to those of Ebola.

Justification: Because the problem stated that the symptoms of the disease were similar to those of the Ebola
virus, it seemed most logical to model the behavior of the disease faced by the population of the Indonesian village
after the behavior of Ebola.

Assumption: The death probability of children (age < 14 years) is the same as the death probability of elderly (age
> 65 years).

Justification: Both the elderly and children have a similarly increased chance of death due to illness. It was
assumed that these probabilities were identical for the purpose of simplicity. The problem stated that children and
elderly adults were both more likely to die in the case of infection. By assuming the death probabilities are the
same, it is possible to avoid the inclusion of two additional raised death probabilities into our solution, without a
clear method for differentiating between the two. In found medical statistics, the children and elderly are typically
grouped together.

Assumption: The WHO medical professionals can treat 15 people in a day.
Justification: We assumed that it takes a period of 10 minutes to prepare to treat a victim, 15 minutes to treat the

victim, 10 minutes to follow procedure after treating the victim, with 5 minutes of travel time between houses for
a total of 40 minutes spent with each victim.



Example of a winning HiMCM sensitivity analysis section from The Next Plague problem:

Our model was relatively sensitive to change. The set probability of death for the model was 40%, meaning if a
person contracted the disease, there was a 40% chance that person would die. The 40% death rate yielded a result
of 129 of the 300 people dying over the course of 6 weeks. If the death rate was decreased by 10%, the number of
people dead after the same period of time was 101. Contrarily, if the death rate was increased by 10%, the number
of people dead after 6 weeks was 159. Additionally, a smaller change in death rate was tested. If the death rate
was increased by 1%, 131 people were found to not survive the disease, while if the death rate was decreased by
1%, 126 people died. If the model was applied to a larger scale, the change in death rate would cause a very
significant change in its prediction of the number of people surviving the disease.

Example of a winning HIMCM Next Steps section from The Next Plague problem:

The majority of the error in our models comes from the many assumptions we made. The constraints in time did
not allow us to test for every probability or circumstance. Given more time and unlimited resources there are a
few changes we would like to research and add to our model:

1. Having B, probability of contact, be dependent on the remaining susceptible population.

Currently B is a parameter, it can be changed per iteration of the model, but it remains constant during the run of
the model. In actuality as the number of people in the village dwindles the probability of contact will decrease.

2. The models could be calculated continuously instead of being discrete, as they are currently.

Calculating the models continuously would allow for the change of the model over time to be monitored. It would
also allow for immediate populations to be calculated rather than only at weekly intervals.

3. With unlimited resources, we would like to be able to go to Indonesia and learn more about their health care
system.

Several times throughout the process of building the models it was noted that the situation described was in a
different environment from one we are familiar with. More information on the local level would recommendations
12 allow for a more accurate model.



