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Section 1.1 Problem Solving
(Student Assignment #2)

Math Talk

A major focus in studying mathematics is to devedad improve one’s ability at problem
solving. In particular, we want to learn how tdveoproblems that are quantitative in nature,
meaning numbers play an important role in the mnobsituation. Interesting applications will
be used whenever possible to provide a meaningftest for learning and applying
mathematical concepts. You will learn how to dtanfamiliar problems by experimenting with
many different problem solving strategies suchrasvihg a picture, constructing a table, and
looking for patterns. You will see that problentvetg often starts with being able to pick out
what information is useful and what can be disrdgdr Unlike many traditional “word
problems” that give you just the numerical inforraatneeded, in the real world you must decide
what numbers are relevant to solving the probl&iso, many problems require the solver to
research the numerical information that is needqutdceed.

It is essential that you learn that reading, wgtiand thinking are integral parts of the problem
solving process. You should not expect to quickld a problem, complete a few quick
calculations, and write a single number as youwans That is not how challenging problems
from the real world are solved. To begin to sa@yaroblem you must carefully read and reread
the situation until you understand the text, what'se looking for, and what information will
help you find it. Then you need to write in yowvrowords the essential information that is
given and what you are trying to find. But thigust the beginning; the most challenging part of
the process is thinking about a good strategyam fiir solving the problem. Here you must be
willing to take the time to think critically abodeveloping your plan. And realize that many
problems are not solved in minutes, but take halags, months, and even years. Do not be
afraid to experiment, to work with other studeiatsd to ask for help. Very few important
problems are solved in isolation by only one person

Now you are ready to carry out your plan, to impdainyour strategy. Here it is important to be
able to explain your work orally and in writing. h&h you arrive at an answer the final step is to
look back and ask yourself if you have answeredjthestion and does your answer make sense
in terms of the problem situation. In writing yamswer, be sure to use complete sentences and
write with the idea that your results need to beéarstood by your audience. Keep your writing
simple, short, and to the point. Act as if you smenmarizing your work to someone who knows
nothing about the problem. Although you are enagead to work with others and get extra help
when needed, always make sure that you can takership of your conclusion. In other words,
know of what you write about and take pride inwwgk being your own.
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It's nice to know you’re not alone in learning maiid getting acquainted with your classmates
is a good beginning. This will help you form stuglpups that meet regularly outside of class.
In the first discovery adventure you will introdugeurself to other students by completing the
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handshake problem that follows. This problem it ld@ne in groups of three to four. However
you can simulate the problem by using your imagimaand drawing a picture.
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Discovery Adventure 1. Getting Acquainted

If possible form a small group of 3-4 students.wdweer you can still answer the questions
below if you are working alone. To get acquairtsete will be one and only one introduction
(handshake and exchange of names) between yowaahgerson in your group. Do not shake
hands with any student twice! Now perform theadtrctions within your group, and then
answer the questions below.

a. Imagine you arrive to class early and the roommgpty of people. How many introductions
are possible?

b. In walks another student. How many introductiores@ossible among two people?
Remember, name exchange and handshake will ocbuoonce between any two
individuals.

c. A third student enters the room. How many intraduns are possible among three people?

d. A fourth student arrives to class. How many intrcitbns are possible among four people?

e. A fifth student arrives to class. How many introtlans are possible among five people?

f. Is there are pattern between the number of stu@entshe number of introductions?
Complete the table below. Look for a pattern amibvegnumbers that will allow you to
immediately calculate the number of introductionswring among 6, 7, or 20 people.

Students 1 2 3 4 5 6 7 20

Introductions

g. Suppose represents the number of students present. Thetselents are standing in a
circle when one of them steps forward and theneh#ke hands of all the students
remaining in the circle. How many hands doesdhis student shake?

h. Now suppose each of timestudents in the circle takes a turn stepping fodvead then
shakes the hands of all the students remainingeicitcle. How many handshakes have
taken place after all students have taken thew?tidint: Repeat handshakes have occurred.

i. Can you think of a formula using which will calculate the number of introducticasiong
n people without any repeat handshakes occurrimg@thler words, represent the number of
introductions among people where the name exchange and handshakeadgwnce
between any two individuals.
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Feedback

A nice way to answer questioase is to form a group of 4 and actually go througé th
introduction process with 2, 3, and 4 people. @twp can then think about how many
additional handshakes will occur each time angpleeson is added to the group. As
progressively more people are added, the new peaisaies hands with everyone in the group
and this amount is added to the previous totais pattern can be seen in the table below.

Students 1 2 3 4 5 6
Introductions 0 [»1 | »3 |[¥6 |»10 |¥15
Sum 140 | 2+1 | 3+3 | 4+6 | 5+10

Constructing a table to organize your informati®am common problem solving strategy to use
when looking for patterns in numbers. Another wskkd problem solving strategy is drawing a
picture of the situation. For example, if you werarking alone on Discovery Adventure 1,
circles and lines could be used to represent peopldhandshakes. The figure below
demonstrates how you can count the number of intii@hs among a group of 3 or 4 people.
However, as more circles (people) are added, tt#iadlal lines (handshakes) become
increasingly difficult to clearly see and count.

£

3 students 4 students
3 handshakes 6 handshakes

If the lettern represents the number of students present andfdahen students steps forward
and then shakes the hand of all the students remgatlhenn -1 handshakes will occur. If each
of then students takes a turn at stepping forward and shakes the hand of all the students

remaining, thenn EQn —1) handshakes will occur after all students havertakeir turn.
However, repeat handshakes will have occurred areanl pair of students. Therefore, we

divide the result by 2 to obtain the formula thalcalates the number of introductions among
people without any repeat handshakes occurringt fbinmula is given below.

Number of unique introductions _ nf{n-1)
amongn people 2

The lettem, which represents the number of students, isc¢tall@riable. Here the value af

can be any number from the set of counting numbe&s3.. depending on how many people
are present. We will explore additional meaningg ases of variables in upcoming sections of
this text.
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In the next Discovery Adventure, you will begindevelop an organized way to approach
problem solving.

Discovery Adventure 2: Money for College

It's June 2 and Nina Carey at age 23 has just dddial start College. She will take 13 credit
hours at the local community college during theaming fall semester. The college catalog
indicates that tuition and fees are $120 per citealit to register for classes and she will need a
textbook for each of her 4 classes. Currently Niaga no money saved, but will start working

next week for a company that pays her $9.00 per, vath no deductions, and allows her to

work anywhere from 15 to 30 hours per week. Sheslat home with her parents who expect

her to contribute $100 per week to help out withdehold expenses. School starts in 12 weeks
and Nina worries about not be able to afford calbgcause she alone is responsible for the cost.

a. What must Nina figure out dind to ease her financial worries?

b. Can you think of any other quantitative informatiwot listed above that might help Nina?

c. Make a bullet list of angiven information that will help Nina plan the best ceeiof action.

d. Demonstrate any calculations needed to assuretNaahe will have enough money for
college.
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e. Write a summary or conclusion that explains wheltiea can afford college in 12 weeks.

Feedback

The main question to be answered in this problewhisther Nina can afford the cost of College.
A sub question is how many hours she must worlaioher expenses. While the questions
might be clear in this example, in other situatidmaight not be so obvious. If you cannot
express your understanding of the problem in wdids) you probably need to spend more time
reading and thinking about the problem situati@mce you understand what you are looking
for, the next step is to organize all the relevafdgrmation.

Let's examine a general problem solving procedoat ¢an guide you in your quest to answer
the questions in any problem situation. Discovedyenture 2 will be used as an example of
applying this method. Here are 5 steps that cgmywa begin to develop a problem solving
method of your own.

The 5-step Problem-Solving Process

|. Read and Understand
You must read and reread the problem situatior i clear what the problem requires.
Familiarize yourself with the problem until you dbe big picture. Do not concern yourself
we any details until you understand its purposkenlorganize the essential information by
writing what you are trying find and any given infzation that will help in the problem-
solving process. For example, in Discovery Advesiyou might write the following.

FIND: Number of hours Nina must work during the sumtoeafford college.

GIVEN:
* Register for 13 credit hours
e Tuition and fees are $120 per credit hour
* 4 textbooks needed
» Job pays $9.00 per hour
» Can work 15-30 hours per week
* Owes parents $100 per week
* 12 weeks to save money

In this example you are not given the cost of teakts or whether Nina might need any extra
spending money throughout the summer for gas, fdoths, etc. In the real world you will
often have to do some research activity to gathéhenecessary information that allows
you to proceed with the problem solving process.
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In the read and understand step, the most impgotatd of a problem are:

* ldentifying the unknown (what you are try to find)
» Listing the useful data (numerical information givar found through research)
» Stating the conditions that must be satisfied

Plan a strategy

You need to develop a game plan on how to apprtechroblem. This is the hardest part
of the process. Consider what strategies you ningptement, be willing to experiment with
any idea, and approach the problem from differegtes. If you get stuck, take a break or
ask for help. Some strategies you can try arengimext.

Visual Strategies:
* Draw a Picture
* Make a Graph

Numerical Strategies:
* Guess and Test
» Create a Table
* Look for Patterns
» Perform Arithmetic Operations

Algebraic Strategies:
» Use a Variable to Represent the Unknown
» Create an Equation
* Find a Formula

Other Strategies:
* Find a similar problem that has been solved
* Look up a definition
* Break the problem into smaller parts
* Work backwards
e Unit analysis

This list is far from complete, but it presents yoith some useful strategies to try. The best
way to improve at problem solving is to work as snparoblems as possible. The more you
practice the easier it becomes. In Discovery Atlwen2 a good strategy is to perform the
arithmetic operations that will give Nina’s incoraed expenses for the next 12 weeks. All
this information can then be organized in a tableehsy viewing.

.Implement a strategy

In this step you put into action any strategy thatart of your plan, such as completing a
table, drawing a picture with labels, or performangalculation. Often you will need
multiple strategies in finding your solution. Magere you are clearly showing all your work
in an organized manner. The calculations and tfablBiscovery Adventure 2 follows.
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Expenses:
*  Tuition=(13 c))[[120 $ cy= $15€
- Books= 4 $100= $40 (this is an estimate)

« Parents Paymert( 12 WK 100 $ Wk $1:
Income:
«  Weekly Income=( 9 $ Hilf 30 hr  $2:

- Total Income= 12{ $270= $32

Expenses Income

Tuition $1560| | Weekly $270
Books $400

Parents Payment$1200

Total $3160| | Total (12 weeks) $3240

IV.Check your results
First ask yourself if your results seem reasonahkE make sense in terms of the problem
situation. For example, in Discovery Adventure 2580 for tuition and fees seems like a
reasonable amount if you take 13 credits at $12@neelit. Also, check your answer(s) by
making sure all mathematical work was done coryecBometimes this involves the use of a
calculator, but mental estimation is just as imgatit For example, since 13 is the sum of 10
and 3 we can multiply $120 by 10 which just ad@si® giving $1200. Then 3 times $120 is
$360 and $1200 plus $360 is $1560.

V. Concludeand Summarizein writing
The results you obtain should be expressed in wasttgy complete sentences. You need to
make it clear to your audience what you have foamdi what conclusions you have reached.
For example, in answering pa&bf Discovery Adventure 2, instead of just statingether
Nina can afford to pay for college, you might sumizeas follows.

If Nina works 30 hours per week for 12 weeks, thlea will earn $3240. Assuming her
books cost a total of $400, her expenses will K683 Therefore, since her income is $80
more than her expenses, Nina should have enougdytéor her fall semester at college.
This conclusion assumes there are no additionaresgs occurring.

khkhkkkhhkkkhhhkkhhhkhhhkhhhkhhhkhhhkhkhhkhkhhhkhhhkhhhkhhhkhhhkhhhkhhhkhkhhkhkhhhkhhhkhhhkhdhhkhdhhkhkhhkkhkikxx*x

A person’s financial situation often determinesdrtiadility to afford college. However, a
person’s time management skill is a major factah&ir success as a student. In the next
discovery adventure you will use the 5-step probseiing process to help Nina manage her
time between school, work, and life’s many demands.
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Discovery Adventure 3: Timeto Study

It's the start of the fall semester and Nina, hest managed to pay her school bills. Now her
worries turn to having enough time to completedwrool work. She wants to be a successful
student but all her instructors expect their stislém complete 2 hours of homework for every 1
hour spent in class. Nina will be in class 13 kquer week, she will exercise 1 hour each day,
spend 8 to 10 hours per week in her car commudingd,hopes to spend at least 4 hours per day
eating and relaxing. She will continue to workret same job and has the option of working
anywhere from 15 to 30 hours per week. Also, Neguires 8 hours of sleep each night to
function at a high levelHow many hours per week should Nina work at he?jo

a. If you have read the problem enough times to undedsthe situation, then state what you
must find and the given information that will bestid in finding it.

Find:

Given:

b. Plan a strategy to solve this problem and implertfeattstrategy below.

c. Check your results, and then summarize your anbweiving advice to Nina.
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Feedback

This problem is an open ended question, meanirrg teenore than one possible answer
depending on what assumptions are made. For erathglrule of thumb for homework,
complete 2 hours of homework for every 1 hour speetass, is just an estimate. The time
spent on homework can depend on the subject arstutent’s ability. Also, Nina’s commuting
time in her car is an estimate. Should she go thigHonger estimate of 10 hours or average the
time to 9 hours, or perhaps we can leave earlitala a different route. Does Nina really need
8 hours of sleep every night? Can she spenditasssiating and relaxing? And what is the
minimum amount of hours she can work and still athyrer expenses? Can we assume that the
fall will be similar to the summer in terms of irne and expenses?

Although not all the information we are given isiceete, the approximations should be good
enough to arrive at some reasonable conclusiorwenMer, it would be helpful to research the
amount of income Nina needs to cover all her exgenset’s start to solve this problem by
writing what we are trying to find and listing #étle given information that is relevant.

Find: Number of hours per week to work at job
Given:

* 2 hours of homework for 1 hour in class

* Inclass 13 hours per week

» Exercise 1 hour per day

e Commute 8-10 hours per week

» Eat and relax 4 hours per day

» Sleep 8 hours per day

*  Work at job 15-30 hours per week

Our strategy first involves calculating the numbghours in a week and the number of hours
Nina is occupied in activities other than her jathe difference between these two values will
give us the number of hours she could possibly vabiker job.

Implement a strategy
Time in aweek=( 7 day&l 24 hr dey 168 hc

Nonworking time per weekin class= 13 hout
Homework=( 2 hf class Bff 13 class)hr 26 hc
Exercise=( 1 h da){ 7 days 7 hol

Commute= 10 hour (Assuming higher time)
Sleep=( 8 hf dajff 7 days 56 hol

Total nonworking time= 13 26 ¥ 10 56 140 ho
Difference= Hours in week total nonworkimgurs

=168- 140
=28 hours available
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We finish by summarizing our results for Nina ie tlellowing conclusion

Conclusion

According to the given information Nina has 28 tsavailable to work at her job.
However, this leaves no extra time for any othdigalions that may arise. While there is
no definite answer, perhaps 20-25 hours might Asaable depending on how much
income she needs to cover her expenses.

As was stated previously, developing good proldehaing strategies comes with practice.

The exercises that follow provide many differenpogiunities to improve. Refer to the 5-step
problem-solving process (page 5) as a guide ontbgwoceed.
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Exercises for Section 1.1

1. Return to Discovery Adventure 2 and reread theasitn. Now suppose Nina works 30
hours per week during the 12 week summer peridte calls the book store and finds the
following information about the cost of her books.

e History $115

e Math $84

e English $78

« Computer $107
Nina also calculates that gas will cost her $20vpeek and she decides to allow herself $25
per week as extra spending money.

a. Show that Nina will not be able to afford collegang the new information given above.

b. If her boss decides to let her work more than 3dridchen how many hours must she
work per week to have enough money to pay for séhoo

2. Return to Discovery Adventure 3 and reread theatidn. The first week of classes is over
and Nina realizes that her checking account is sirampty. Now suppose Nina has 18
weeks before she must have tuition, fees, and bumiey for the spring semester. She still
gives her parents $100 per week and has found sheeed $20 per week for gas and $25
per week as extra spending money. Nina expectsdneol bills to be the same as the fall
semester. How many hours does she need to wqukttoover all her expenses?
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3. The Stratham Rocks baseball team is thrilled teehaon 24 out of their first 40 games
played. How many of the 48 remaining games muwesRibicks win to keep the same wins to
losses ratio? There are many ways to solve tloisl@m, so be sure to show all your work in
an organized manner and explain the method usadit@ at your answer.

4. Professor Quirk teaches two different sectionswobductory Algebra on Monday,
Wednesday, and Friday. He has just finished ggatia quiz given in his 8:00 a.m. class
(section 01). In this section, 20 out of 32 studgrassed the quiz. How many of the 40
students in his 11:00 a.m. class (section 03) pass$ to keep the same pass to fail ratio?

5. Suppose you have agreed to take three childrenld@yd®, and 15 to a baseball game. The
two youngest are girls that are not big fans otba#l but they are still excited about
attending the game. The oldest is a boy knowthalplayers on the team and follows the
team’s fortunes on a regular basis. There are tbaegories of seats to choose from. Box
seats cost $75 per ticket, grandstand seats cOgie$4icket, and bleacher seats cost $22 per
ticket. A friend who attended a game two years &y you can expect to pay $4.50 for a
hotdog, $3.50 per drink, and $2.50 for chips. Al®claims that the parking cost him $2.00
per hour. Although you want the kids to have adyime you can only afford to spend $200
on this entire outing. So you wonder, what areltbst seats to purchase?

a. Can you think of any other costs involved in nmakihis trip to the ballgame?
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b. Write what you're trying to find and list all tlggven information that seems important.
FIND:

GIVEN:

c. Explain your plan or strategy for solving thi®plem.

d. Implement your plan or strategy below in a cleaganized manner.

e. Write your conclusion using complete sentences.
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6. Jim is planning a 6-day, 5-night family vacatiorDasney World with his wife Sue and their
three children Michael, Megan, and Marissa. Jiuhlais family can stay in a 4-star hotel for
$180 per night, a 3-star hotel for $110 per nigha &-star hotel for $60 per night. They can
get a direct roundtrip fight to Orlando for $220 person or a fight with one stop for $183
per person. After talking with a friend who weatRisney 2 months ago he knows that
$1200 should cover the food for the trip. If Jiasl$3000 saved for the trip and wants his
family to have the best vacation possible, thentwp#ons should he choice for air travel
and hotel?

a. Can you think of any other costs involved in makiinig trip?

b. Write what you’re trying to find and list all tiggven information that seems important.
FIND:

GIVEN:

c. Explain your plan or strategy for solving this pierh.

d. Implement your plan or strategy below in a cleaganized manner.
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e. Write your conclusion using complete sentences.
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