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[ 1. What number could be added to 150 so [ 3. If you begin with a certain two-digit
that the sum would be between 500 and 5257 number and follow the arrows, you will end with 45.

Answer:

—_ —P _ —P

[T 2. Find three ways that the sum of OT?O+SOXZO_1 —

three digitsin aline equal 17. Don't repeat the
digits within adesign.

@,

Strategy of the Month

Someone said, "A picture is worth a thousand
words." Turning the words of a probleminto a
picture or a diagram can help you "see" the
problem. By using the part of your brain that
visualizes a situation or object, you may see
relationships or information that helps you
solve the problem. When someone tells you a
story, try turning the words into a motion
picture or a cartoon. When reading a descrip-
tion, try "seeing it in your mind's eye." If you
can do these things, this strategy may be for
you! Try using a picture or make a diagramto
solve this problem:

O O

OO

Every bike slot in abicycle rack wasfilled.
Donnds bike wasin the middle. There
were six bikes to the right of Donna's. How
many bicycles were in the bicycle rack?

O




( MahStarsHome Hints )
Every year you grow and change in many
different ways. Get someone to help you
measur e and record these data about your -

self. Be sure to save the information because
we will measure again in two months!

How tall are you?

How much do you weigh?

What is the circumference of your head?

[ 4. How can you remove two toothpicks
from the square shape below and leave two
squares of dfferent sizes? Cross out the two that
should be removed.

(I 5. Miss Black's class began a stem and
leaf graph of the following data. Complete the
graph.

Number of organisms
in each person's square
foot of space on the
playground.

=
=~

N
oPr
N

28, 29, 17, 21, 36, 20,
33,11, 22, 33, 35, 41

[T 6. Johnistwice asold as his sister Mary.

Mary's age is 1/6 the age of her mother. Their
mother is 30. How old are John and Mary?

John

Mary

- J

Il 7. Find al theright angles on the house
below. Put asguare on each onelike this: |

-

Il 8. Usethedigit 8 four timesto make 89.

(1 9. Place the other letters of the alphabet
above or below the line given below using the
same rule that was used for A through 1.

A EF HI
BCD G

Setting Personal Goals h

Problem solving is what you do when you don't
know what to do. Being a good problem solver will
help you be ready to live and work in our changing
world. Computers can do computations but people
must tell the computers what to do. Good problem
solvers know how to make plans and use many
different strategiesin carrying out their plans. They
use all of their past experiences to help themin new
situations. Welearn to swim by getting in the water;
we learn to be good problem solvers by solving

problems!

J
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-

Z0ns,

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1.

(any number between 350 and 375) This problem istwo-step in that students must find the
difference between 150 and 500 and then 150 and 525. By having the word between in the
problem, 350 and 375 are not considered correct.

(Combinations of digitsthat work are 6-9-2, 3-9-5, 1-9-7, 5-8-4, 6-8-3, 7-8-2, 6-7-4, 9-7-1,
8-7-2.) The combinations listed all add up to 17. The middle digit should be in the middie
circle of each design. Digits smaller than 7 will not work in the middle because of having to
repeat.

e —_ —P _  —

©-3)+8@x2@-1 = (®

This problem requires working backwards and the use of inverse operations to determine the
unknowns. Students should check to be sure their answers work when they work from left to
right.

(Thediagram below shows one possible answer) Some students have difficulty with visual
imagery; manipulatives should be available for those who wish to construct the figure.

A4
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5. 1117 Students should be able to use their number sense to figure that a stem
210,1,28,9 and leaf graph divides each piece of datainto tens and ones. The
313356 datais placed in ascending order.
411

(Mary is5and Johnis10) Thisisatwo step problem but has easy computation. Students need
to find anumber that is already known--the mother'sage. Mary is1/6 of 30 or 5yearsold. Itis
easy then to figure that John istwice as old as Mary--10 years old. Students need to be able to
divide 30 into 6 equal partsto figure 1/6 if they do not know how to divide mentally.

(17 right angles) There are two squares and one rectangle making 12 right angles. The bottom

of the door meets the bottom of the house forming two more. The chimney has two obvious
right angles at the top but also forms aright angle where the right vertical line meets the horizon-

tal line on the top of the house. Students may think the roof forms aright angle but if you
measure with the corner of a piece of paper it isalittle larger than aright angle.

(88 + 8/8=89) Encourage students to create similar problems to challenge their classmates.

A EF HI KLMN T VWXYZ

BCD G J OPQRSU

L etters made from straight line segments go above the line while those with a curve go below the
line. Two reasons for including such problemsin your regular classroom routine are: A. They
help break up the mind set established by an abundance of patterning problems (showing that in
fact, there may not be anumerical pattern to explain al logical arrangements of symbols).

B. A small percentage of students will see the solution to this problem immediately. These are
students who perhaps have trouble with patterning problems but can be rewarded for seeing
something that most students have difficulty with.
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[ 1. What isthe volume of the solid figure [ 4. How many squares are in the figure
below? If the outside were painted blue, how below?

many cubes would have only three sides painted
blue? Answer: squares

cmd isthe volume
cubes are painted blue on three sides

/

(I 5. Three friends shared some cookies.
They each got two and two-thirds cookies. How
many cookies did they have atogether before they
(I 2. Principal Greene orders pencilsfor the divided them?

school store by rounding the number of studentsin

each grade to the nearest 10 and doubling that

number. What is the total number of pencils he

will order? (" Strategy of the Month )
Answer: _ pencils Your brain isan organizer. It organizes infor-
mation as it stores that information. When a
problem involves many pieces of information,
Grade | K | 1 | 2 | 3 | 4 | 5 your brain will have an easier time sorting
# of through it if you make an organized list. Alist
sudents | 87 | 9a | 97| 78| 72| a4 hel psyou be sure you have.thought of all of the
possibilities without repeating any of them. Like
drawing a picture or making a diagram, making
an organized list helps your brain "see" the
problem clearly and find a solution. Try making
[0 3. Adigital clock shows either three or an organized list to solve this problem:
four digits. At what time do the digits have the
greatest sum? If you must use 15 or fewer coins, how many
different combinations of coins can be used to
make $1.00?




4 M thStars Home Hi nts N\ ([ 8. Circle the whole number below that is
. . closest to the sum of these numbers:
Sometimes the hardest part of solving a

problem is just getting started. Having some i 40 3 .15
steps to follow may help you. 273+644+858 +117 B

1. Understand the information in the problem
and what you are trying to find out.

2. Try astrategy you think might help you
solve the problem.

17 19 21 23

3. Find the solution using that strategy or try i 9. Katie gave anumber problem to
anotEerll/vgy Em'l yg‘l: solve Fhe problem. Jenny. Shetold her to pick a number, doubleit,
4'a(l:< eck Dack to make certain your answer add 10 to it, and then subtract 2. Jenny's answer
\_TaKES Sense. _/ was 34. What number did Jenny pick?
Answer:
(11 6. Givenyistwotimesx, zisthree
timesx, and x +y + 3z=12. What are the values
of X, y, and z?
(1 10. Show how you could divide acircle

into 11 pieces using only 4 straight lines.

[ 7. Onthisspinner, the probability of
getting aoneis 1/2 or 1 out of 2. What isthe
probability of getting a2?

Setting Personal Goals h

Being able to ask good questions will help you
in many ways. Use these to solve problems:

» What information do | know?

* What else do | need to find out?

» What question am | trying to answer?

* Have | missed anything?

* Does my answer make sense?

\__Practice asking good questions! )
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1 (21 cm®and 7 have 3 faces painted ) Thiswill be avery chalenging problem for students
who have difficulty visualizing the blocks that aren't visible. It is helpful to build the figure. It
isalso helpful to mark the faces on the cubes with 3 faces painted.

2. (1,020 pencils) Studentswill either round off, add, then double or double the number in
each grade level asit isrounded. If by chance they add all the numbers, double, and then
round off they will get the same answer.

3. (19:59) At 9:59 the sum of the digitsis 23. Students who answer 12:59 may be assuming that
the sum of any four numbersis greater than the sum of three numbers.

4, (10 squares) If students have never solved this type of problem they will count the most
obvious squares. It is helpful to count and tally squares by their size working from smallest to
largest or largest to smallest.

5. (8 cookies) Most students will draw a picture of this problem since they do not know how to
multiply (2 2/3) x 3.

6. (x=1,y =2, z=23) Picturing algebra makes for a good beginning and substituting values for
X, Y, and z to make a true statement is not a bad approach to this problem. Assigning avalueto
x may be the key to solving this problem. Substituting centimeter cubes for numbers could
provide a hands-on-approach.
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10.

(/4 or 1:4) Thisproblem will help studentsto "get afeel” for probability. If alineis extended
across the circle they will seethat 1 has 2 out of 4 chances (2:4 or 1:2) and 2 and 3 each have a
1 out of 4 chance (1:4).

(19) Inasmall group explore asimilar problem. The denominators should be large enough to
discourage computation and the fractions should be closeto 1 or 0 in value. They would see that
two of these fractions are close to 1 and two are close to 0.

(13) Working backwards using opposite operationsis akey to this type of problem.

(See diagram for one possible solution)

10
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[ 1. Nine cubesform to make an X. If the
complete figure is painted red, how many cubes
have exactly four faces painted red? How are the
remaining cubes painted? Write on each cube the
number of its faces that are painted.

(M 2. November 8 ison Wednesday. Gary's
birthday isin November. Thisyear hisbirthday is
on aweekend. The date hastwo digits. You say
the date when you count by twos. The sum of the
digitsis 8. What isthe day and date of Gary's
birthday?

Day of the week

Date

[ 3. Lilasaw ashirt on sale at 25% (1/4) off.

It'sorigina price was $12. How much is the shirt
now?

Vol. 4 No. 3

[0 4. OnaZ20 guestion math test, your teacher
gives you five points for every correct answer and
takes away one point for each incorrect answer. If
you score 70 on the test, how many did you get
correct?

Answer: correct

(" Strategy of theMonth

Being a problem solver is something like being a
detective! A detective has to solve crimes by
guessing what happened and checking the guess
to seeif it fits the situation. For some problems,
your best strategy may be to make a guess and
then check to see if your answer fits the problem.
If not, decideif your guess was too high or too
low and then make a second "guesstimate.” A
good detective keeps records (usually some kind
of chart) to help see any patterns and to narrow
down the possibilities. You should do this too.
The results of incorrect guesses can give you
valuable clues to the correct solution. Guess and
then check the solution to this problem:

| an a2-digit number over 50. When you
put mein groups of 7, 2 are left over. The
sum of my digitsis11. What number am 1?

. J

T



" MathStars Home Hints A

Memorizing number facts will save you time.
Flash cards are one way to learn new facts, but
you also might try these ideas:
* play dice or card games in which you need to
add, subtract, multiple, or divide.
* [earn new facts using ones you already know
(7+7 =14 s0 7+8=15).
* learn facts that are related to each other
(7x6=42, 6x7=42, 42+6=7, 42+7=6).
» make a list of the facts you need to memorize
and learn 5 new facts each week.

\-Spend 5-10 minutes every day practicing facts./

* % 5. What would the next shape look like?

Draw it on theline.

©

Answer:

* % 6. Allison's mom baked five piesfor her
birthday party. Each person who came to the party
ate one piece, and al the pieces were the same
size. The piesthat were left over are shown
below. How many people came to the party?

g

empty
plate

empty empty
plate plate
Answer: pieces

* % % % 7. The pictures below all show the same

block, but seen from a different view each time:

A A 0O @)
o |9) O AO OO
OCIIOI[IA]]O

Draw the design that is opposite these sides.

* 8. It'snow 12:10 p.m. What timewasit 15
minutes ago?

Answer:

[ Setii ng Personal Goals

Communicating mathematically means that
you are able to share your ideas and under-
standings with others orally and in writing.
Because there is a strong link between lan-
guage and the way we under stand ideas, you
should take part in discussions, ask questions
when you do not under stand, and think about
how you would explain to someone else the

\steps you use in solving problems.

\

J
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-

Z0ns,

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1.

(4 cubes have 4 faces painted red. The middle cube hastwo faces painted and the outer
cubes have 5 faces painted. ) Marking small cubes to check this would help some children
who have trouble visualizing this problem. Different shapes and numbers of cubes could also
be used to explore this type of problem.

(Sunday, November 26) Clue A (birthday on a weekend) does not help as much as B, C, and
D. If weconsider clue D we know that 17 and 26 are the only numbersto fit this condition.
Clue C indicates an even number--26. Clue B isafurther check. Some students may want to
draw a calendar to determine and check their answer. Children need calendar practice and
enjoy making up this type of problem.

($9.00) Thisisan introduction to percents. Discuss theidea of finding 1/4 of 12 and subtract-
ingit. Introducing other familiar percentages compared to fractions in newspaper ads or other
real life examples will help students understand percentages.

(15 correct) It may be easier for some students to make atable for this problem. A sample
follows:

Problems Correct Points Points Taken Away Score
20 100 0 100
19 95 1 94
18 90 2 88
17 85 3 82
16 80 4 76
15 75 5 70
14 70 6 64
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5.

(Seediagram below) The shapes move from the inside out as you move from left to right with
this geometric pattern and the outside shape becomes the innermost shape of the next picture to
itsright. 'Y ou might want to have the students share what they noticed about the pictures as they

go from the left to the right.

(29 people) There are different ways to solve this problem. Two possible solutions follow:
A. | counted 8 piecesin each pieand did (8 x 3) + 5.
B. | knew there were 8 pieces in each pie and that there were (8 x 5) pieces altogether. |
could see 11 pieces left, so | found (8 x 5) - 11.

Ol|A]]|©]] O

It would be a good idea to have manipulatives available for the students to use with this problem.
Some students would probably find it helpful to actually mark the faces of abox or cube with
pictures to match the block in the example.

(11:55 A.M.) Itisimportant that the studentsindicate A.M. to make this problem correct. A
follow-up question might be, "Isthat at night or in the daytime?".
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(M 1. How many cubes will it take to build [ 4. Which sumismost likely to berolled on
the next figure in the pattern below? apair of dice, 3or 7?

ismost likely. Why would this be
true?

[ 2. AtHenry's Restaurant, a customer gets a

free lunch after paying for six. Carolineatelunch U 5. What fraction of the lettersin the word
at Henry's 50 times last year. How many of those  MULTIPLY are also in the word PRODUCT?

50 lunches were free?

[0 3. Color the square below so that 50% is 7~ N
red, 25% is green, and 25% is yellow. Strategy of the Month

Noticing patterns hel ps peopl e solve problems
at home, at work, and especially in math class!
Math has been called "the study of patterns,” so
it makes sense to look for a pattern when you
are trying to solve a problem. Recognizing
patterns helps you to see how things are orga-
nized and to make predictions. If you think you
see a pattern, try several examplesto seeif
using the pattern will fit the problem situation.
Looking for patternsis helpful to use along
with other strategies such as make a list or
guess and check. How can finding a pattern
help you solve this problem?

If thefirst day of ayear isaFriday what day
of the week is February 19 of the same year?

- J




( MahStarsHome Hints )
Set aside a special time each day to study. This

should be a time to do homework, to review, or
to do extra reading. Be organized and have a
special place in which to work.This place needs
to have a good light and to be a place where
you can concentrate. Some people like to study
with quiet music; othersliketo sit at the kitchen
table.You need to find what works for you!

Remember that when you are reviewing or
working on solving problems it may help to

study in a group.
N y group

[ 6. Thisrecipe makesfour servings of
lemonade. How many lemons are needed to make
ten servings of lemonade?

LEMONADE
2 lemons
2 quarts of water
1/2 cup of sugar

Squeeze lemon juice into a pitcher.
Add water and sugar. Stir well and
pour over ice.

[0 7. Sam and Sue have only nickels and
dimes. Sue has 35¢. Sam has the same number of
dimes as Sue has nickels, and he has half as many

nickels as Sue has dimes. How many nickels does

Sue have?

M 8. Thereare 12 pagesin Bill'sfootball card
album. Each side of the page holds 12 cards.
When his book is half full, how many cards will
Bill have collected?

@ 9. If youmust use two quarters and atotal
of 8, 9, or 10 coins, how many different
combinations of coins can be used to make a
dollar? Use the table below to find your answer.

# of coins Dimes | Nickels | Pennies
8
9

10

Quarters

[0  10. A cereal company putsa 10¢ couponin
every other box of cereal it packages. It putsa
pencil in every fifth package and a coupon for a
free hamburger in every eighth package. Out of
the first 100 boxes, how many will have al three
items: a 10¢ coupon, apencil, and afree
hamburger coupon?

Setting Personal Goals h

If your goal isto become amore responsible
student, it means that you

* actively participate in class.

« complete your assignments.

* have everything you need in class.

» ask for help when you do not understand.

* be willing to investigate new ideas.

. J
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1 (40) Thepatternis 1, 6, 18, 40. It would be helpful to have manipulatives available so stu-
dents could build these models. Some students may be able to figure out how many cubes
have been added to the "steps’ each time without using models.

2. (7 lunchesif thefirst lunch of the year was paid for, or 8 lunchesif thefirst lunch of the
year was free because it was earned the previousyear.) Studentswill probably make a
diagram to solve this problem. Regardless of the number of lunches the customer "carries
over" from the previous year (1- 5), the number of free luncheswill still be 7 if the first lunch
of the year is not free.

3. (Answersmay vary) Most students will realize that there are 36 small triangles ( 4 for each
small square) in the large square. 50% or 18 of them must be red, 25% or 9 of them yellow,
and 25% or 9 of them green.

4, (7ismost likely) Using apair of dice there are more waysto roll asum of seven: 1 and 6, 2
and 5, 3and 4. The only combination that will give3is1 and 2.

5. (3/8) Threeletters, u, t, and p arein both words, and there are 8 lettersin multiply.
6. (5lemons) It isimportant to recognize that there are half as many lemons as there are

servings. So for 10 servingsit would take 5 lemons. The problem would become more
chalenging if the recipe called for 3 lemons.
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7.

10.

(Sam: 3dimesand 1 nickel, Sue: 2dimesand 3 nickels) Finding combinations of nickels
and dimes to make 35¢ yields several possibilities, but only one satisfies all of the conditions.

(144 cards) Half of the football card album would be 6 pages. Since there are 2 sides to each
page there would be atotal of 12 sides. Then you would multiply that times thel2 cardsto get
144 cards. An alternative might be to multiply 24 (the number of cards per page) times the six

(Seetable below) Thiswould be an excellent place to use real coins; however, "play money"

would also be an acceptable manipulative.

#of coins | Quarters| Dimes | Nickels | Pennies
8 2 4 2 0
9 2 3 4 0
10 2 2 6 0

(2 boxes, the 40th and the 80th boxes) Students can solve this problem by finding the least
common multiple of 2, 5, and 8. The next common multiple of these three numbers greater than

40 and lessthan 100 is 80.

Vol.4 No. 4
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[ 1. Draw apicture of what the tetromino il 3. Fill inthe missing numerals.
would look like after it isturned or rotated 90
degrees. X X 2=42
Before 90 degree turn After 90 degree turn

[ 4. If the area of each small squareis 10
centimeters, what is the area of the entire figure?

(D 2. Find the products of the following
problems. Look for a pattern in the products.
Write arule for the product. Do you think it will

alwayswork?
44 23 32
x11 = _x11 = _x11
4 I
Strategy of the Month
Sometimes mathematical ideas are hard to think
Rule: about without something to look at or to move

around. Drawing a picture or using objects or
models helps your brain "see" the detalils,
organize the information, and carry out the
action in the problem. Beans, pennies, tooth-
picks, pebbles, and cubes are good
manipulatives to help you model a problem. You
can use objects as you guess and check or look
for patterns. Try using objects to help you solve
this problem:

Twenty-seven cubes are placed together to
make alarge cube that is painted on the
outside. How many small cubes will have 2

\_and only 2 faces painted? )




(" MathStarsHome Hints

Remember when you had "Show and Tell" in
kindergarten? Now you have a great deal to
share in mathematics. Talk to the folks at
home about what you are learning. Show
them your papers and tell them about what is
happening in your math class. Let them see
that you are doing problemsin class similar
to these. Each week choose an assignment
that you are proud of and display it at your
house.

- /

(M 5. Below isamap of Centerville. Useit to
answer the questions below it.

N
I I

F Green Street T
I S

h

S 8 r

t n d
d

A A

Y A \%

e v e
— <- e

Main Street

Name aroad that is perpendicular to Main Street

Name aroad that is parallel to Main Street

If you drove east on Main Street, which way
would you turn to enter Second Avenue?

O 6. Complete the following to make atrue
subtraction example.

406[]9

[ 120198
18031

[ 7. List the possible pizza combinations
Mary Beth can pick that have only one topping.
List the combinations using letters. The first one
isdone for you.

Size Crust

A. small D. thick

B. medium E. thin

C. large F. pan
Toppings

G. cheese

H. pepperoni E

I. hamburger

Possible combinations: ADG,

[ 8. Therearefive people at ameeting. If
each person shakes hands with each of the others
once, how many handshakes are exchanged?

Setting Personal Goals

Mathematicsisall around us. We use it every
day in personal living and in all of our school
work. When we read graphsin social studies,
gather and use data in science investigations,
or count in music or physical education, we are
using mathematics. We make connectionsin
our math classes also, for example, measure-
ment skills help usin solving many geometry
problems, and classification skillshelp usin
organizing data. We use computation in many
different situations. You will become a stonger
mathematics student by making connections.

. J
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

Help students understand how to do this by cutting out the T and actually turning it 90

degrees. Orienting it on alarge right angle and then turning it may be helpful. The most com-
mon mistake will be just flipping the shape horizontally, vertically or rotating it too far.

2. (484, 253, 352 The pattern students should recognizeisthat the hundreds and the ones
place of each product makethe original number and the middle digit of each product is
the sum of the other two digitsin the product.) Early in the fourth grade students may not
have been able to multiply by two digits; however, with the use of number sense they can come
up with the answer. Ex. "44 onetimeis 44 and 44 ten timesis 440 so 440 + 44 = 484"

3. (7x3x2=420r 21 x 1 x 2 =42) Students can either guess/check/revise or work backward
by saying "what did | have to have before multiplying by 2 to get 427" Then, "what would |
have to multiply together to get 217"

4, (120 squar e centimeters) Each small square represents 1/12 of the entire figure, so the area of
thefigureis 12 x 10 or 120 square centimeters.

5. (First, Second or Third Avenues, Green Street; You would turn left off of Main St.) This
example gives the students practice in map reading. Possibly this would be a good time to
introduce other city or state maps.



+ MathStars

,( Com‘mentary for Teachers Vol.4 No.5
6. 40629
— 22598
18031

Many students will probably use the method of checking a subtraction problem by addition to
solve thisexample. It would be interesting to have the students explain their procedure. Stu-
dents might enjoy making up similar problems for other classmates to solve.

1. (ADG, AEG, AFG, ADH, AEG, AEH, AEI, AFG, AFH, AFI, BDG, BDH, BDI, BEG, BEH,
BEI, BFG, BFH, BFI, CDG, CDH, CDI, CEG, CEH, CEl, CFG, CFH, CFI--27 DIFFER-
ENT COMBINATIONS) Taking an organized approach to this problem will help the students.
A good extension to this problem would be to add one more topping.

9. (10 handshakes) Two effective strategies are drawing adiagram or using ssmpler problemsto
help find a pattern.

2 people X—X 1 shake

X +2
3 people >/—\x 3 shakes

4 people ;>—<< +3
- = >|( 6 shakes
X
5 people %x 4
| = >|( 10 shakes

Each X represents one of the five people. Each line connecting two X's represents a handshake.
The handshake between person 1 and person 2 is the same as the handshake between person 2
and person 1.
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[ 1. Show how the shapes below can be [ 5. Thedrawings below are erased at their
divided into four congruent triangles. line of symmetry. Complete the drawings by

drawing the missing parts.

L

il 2. Julie wants to order a present from a
catalog for Marcie's birthday on April 14. If

delivery takes four weeks, what is the latest date /\ /\

she can order the present for it to arrive on the
14th?

(" Strategy of theMonth

When a problem involves data with more than
one characteristic, making a table, chart, or
graph isa very good way to organize the
information. It helps your brain to identify
patterns and to discover any missing data.
Tables help you record data without repeating
yourself. Making a table or chart is especially
2,4, 6 ,__ ,10 useful for certain problems about probability
5 10 15 25 and for some logic problems. Sometimes tables
and charts are included in your information
and you need to read through them carefully to
under stand the data you need to solve your
problem. Creating a graph is also a good way
to organize and visualize information. Make a
table to solve this problem:

A school cafeteria sells popsicles for 50¢, nutty
buddies for 80¢, and ice cream sandwiches for
60¢. If astudent spent $6.00 in May for frozen
snacks, what could the student have purchased’?/

O 3. What ismissing in this pattern?

[m 4. One section of abook contains five
pages. The sum of al the page numbersin the
section is 125. What are the page numbers?

'I'7|'Ié



4 MathStars Home Hints N il 8. Circle the figures below which would

Everyone learns from shari ng, and you can fold up into acube if you cut them out and folded
teach others about the new mathematics ideas on the lines shown. Y ou might draw these and
you are learning. Show someone at home the practice folding to check your answer.

work you are doing in school and explain how
you figured out the problems. Become the
teacher and help a younger student. Explain
what you have learned and what else you want
to know. Good teachers set goals and evaluate
the progress made toward reaching these
goals. You will continue to be a learner when-
\ ever you become a teacher. )

[ 6. Old MacDonad had afarm. On this
farm he had 3 ducks, 15 chickens, 4 mice, 17
cows, 5 horses, and 2 dogs. How many legs and
wings were on his 46 animals?

Legs Wings

[ 9. Thisquadrilateral has two diagonals.
What polygon has 20 diagonal s?

(M 7. Roy bought aball that bounces

exactly half the height from which it is dropped.
He dropsit from the top of a building that is 30
meterstal. How high will the ball bounce after

it's fourth bounce? Y ou may chooseto use a 4 Setting Personal Goals A

calculator for this one. Per severence means that you do not give up
easily. Good problem solvers try different

A strategies when they are stumped and are not
discouraged when they cannot find an answer
quickly. They stick to the task, using all of their

30m. previous experiences to make connections with

what they know and the problemthey are
trying to solve. If something does not work,

TR they disgard thg unsuccessful strategy and try
again using a different strategy. )

.
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About these newsletters...
The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,

students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of

what you and your students may discover. Enjoy!!

Discussion of problems.....

1 (See diagrams below) Students may need help with the meaning of congruent--same shape
and same size. Many will use spatial sense to solve this problem; others will just guess and
check by drawing lines.

VAY
JAVA
/\

2. (March 17) This problem requires that the student knows there are 31 daysin March and can
subtract two weeks from the end of that month.

3. (8/20) This problem has a pattern in the numerator, counting by twos, and in the denominator,
counting by fives,

4, (23, 24, 25, 26, 27) If students have a sense for averaging numbers, thiswill not be too
difficult, because 125 divided by the five pagesis 25. Since the numbers must bein
consecutive order, the page before 25 is one less while the page after is one more, etc. Some of
the students will guess and check on this one.
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5. (Credit good attempts)
6. (148 legs, 36 wings) This problem involves addition and multiplication with an understanding

of animals. Three ducks have six wings and 15 chickens have 30 wings for atotal of 36 wings. The
number of legs per type of animal follows:

Animd # of animals Tota legs

ducks 3 6

chickens 15 30

mice 4 16

cows 17 68

horses 5 20

dogs 2 8

Total 148

7. (1.875 meters) Students should have access to a calculator for this example. After the first
bounce the ball bounced 15 meters, 7.5 meters after the second, 3.75 meters after the third, and 1.875
meters after the fourth.

81

Only these three nets will fold into a cube. The nets could be drawn and folded to check the results. It
might be helpful to provide graph paper for the students to use in drawing the nets.

9. (Octagon) Studentswill probably solve this problem by drawing all the diagonals of polygonsin an
organized fashion, i.e., start with 3 sides and then add one additional side with each new polygon. Some
students might notice the pattern involved.

Polygon Number of diagonals
triangle 0 +2
quadrilateral 2 +3
pentagon 5 I/+4
hexagon 9 I/+5
heptagon 14 +6
octagon 20

Y ou can extend this problem by asking how many diagonals could be drawn in a 9-sided polygon. (27)
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[ 1. Label each line segment with its miss- il 3. Farmer Greeneisbuilding afence. He
ing length. Two are given for you. places 15 fence posts 8 ft. apart. What isthe
distance from the first fence post to the last?

40

40

[0 4. If you write the numbers from 1 to 99,
how many times would you write the digit 1?

(I 2. Students made aline plot of the
number of petsthey had at home.

X
X X X
X X X X X X Strategy of the Month
X X X X X X
0 1 2 3 4 5 6 7 Some problems are difficult to "see" even if you

draw a picture. For these problems, it can be
helpful to actually act out the problem. When
you role-play with friends or people at home,
you may discover the solution as you act out the
problem. Or you may recognize another strat-
egy that will help you find the answer. Some-
times "acting out” a problem can be done with
manipulative materials. To find ithe solution to
the problem below, become the director and
choose your cast to act this out:

How many pets are there atogether?
What is the median number of pets?
What is the mode?

How many students participated in this survey?

There are four boysin the Grant family. Alex s
older than Terry and younger than Stuart, Rossis
not the oldest or the youngest. Alex does not have
two older brothers. Write the names of the boys
from oldest to youngest.

- J




(" MathStarsHome Hints )

Calculators are important tools. They do not
replace mathematical thinking; you must tell
the calculator what numbers and operationsto
use. Calculators allow students to focus their
energies on solving problems and to easily try
alternative solutions. They also allow students
to solve problems that were too difficult for
pencil and paper. Number sense and good
estimation skills are important when students
use technology to carry out computations.
Explore some "what if" situations with the
calculator. "What if the cost of soda goes up

4¢... What if we travel 547 milesfor 4 days..."

- J

il 5. Jesse wants to make a pot of tomato
soup that holds eight bowls. To make two bowls,
he needs two tomatoes, 1 1/2 cups of milk, and 1/2
teaspoon salt. How much of each ingredient will
he need for his pot? Jesse made adrawing to help
him figure this out. What would his drawing look
like?

Tomatoes ~ Milk _ cups Sat__ teaspoons

(I 6. Inthe problem above, how much of
each ingredient would Jesse need if he were
making 80 bowls of soup?

Tomatoes ~ Milk __ cups Sat__ teaspoons

O 7. In afourth-grade class, two out of four
students bring their lunchesto school. There are
28 studentsin this class. How many studentsin
the class bring their lunches to school ?

[ 8. Round off each amount to the nearest
dime.

$.59 $.46 $.21

$.68 $.74 $87

(T 9. It takes Jerry 12 stepsto go across the
classroom. It takesMary 16 steps. If Jerry has
taken nine steps, how many steps has Mary taken?

[ Setting Personal Goals )

Accuracy is very important to everyone.
Pharmacists must always measure accurately
when preparing prescriptions and carpenters
must cut supporting boards precisely to fit.
Careless mistakes may be avoided in the
classroom by computing carefully, checking
back over work, and writing numbers clearly
and neatly. If work is worth doing, it isworth

doing well.
N g
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1 (Seethelabelsbelow) The problem requires estimating and number sense using the
information given. The diagramisdrawn to scale. Note that the 120 and 200 refer to the entire length
of the segment. 40

40 40

120
40 40

200
40 40

200

2. (a.43,b.2,c. 1,d. 17) If students have never gathered data using aline plot, it can be
confusing. Each X represents one piece of data and represents the number undernezth, i.e., there are
14 pets represented above the number 7. The median is the middle number counting from each of the
ends, 0 and 7. The mode isthe number most often represented which is 1. Seventeen students
participated since there are 17 Xs.

3. (112 feet) Sincethere are 15 fence posts, there are 14 spaces between posts. Each spaceis 8
feet wide, so the total distanceis 14 x 8, or 112 feet. If the students have difficulty visualizing this
problem, suggest that they draw a diagram.

4, (20times: 1, 10, 11, 12,13, 14, 15, 16, 17, 18,19, 21, 31, 41, 51, 61, 71, 81, 91) An extension
could be to ask the students how many times the digit 1 (or another digit) is written when writing the
numbers from 1 - 199.
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5. (8 tomatoes, 6 cups of milk, 2 teaspoons of salt) This problem dealswith ratiosin areal
setting. Based on the given information, four times the amount of each ingredient should be used.

6. (80 tomatoes, 60 cups of milk, 20 teaspoons of salt) This problem is similar to the above, but
all of theingredients need to be multiplied by 10.

7. (14 students) 2:4isaratio that isthe same as one half. One half of 28 is 14. Some students
may divide 28 by 4 and then multiply that by 2.

8. ( $60 $50 $.20

$70 $.70 $.90 This problem gives students a chance to learn how to round a decimal to
the tenths place. The decimal point is necessary because $isused. Students should know intuitively
whether 46¢ is closer to four dimes or five dimes.

0. (12 steps) For every three steps Jerry takes, Mary takes four steps. Nine stepsis three times
three and 12 stepsis three times four.
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[ 1. Hop in place for 10 seconds while [ 4. Fill inthe chart:
counting the number of hops. Wait 5 seconds and
repeat. Record the number of hopsfor 5 trias. Number A Number B Sum Product
Make a bar graph of the results; be sureto title and
label your graph. 15 36

3 27

9 21

[ 2. Mary isironing shirtsfor her father. He
pays her 50¢ for the first shirt and increases her
pay by 25¢ per shirt. How many shirts will she
have to iron to earn $5.00?

(" Strategy of the Month )

What do you do if you have a problem that
seems to be very complicated? It may have a

(D 3. Sam, Nancy, Becky and Jimmy all eat lot of large numbers, too much information, or
lunch in the same restaurant. All of them are multiple conditions. One approach isto create
eating there today and Sam eats there every day. a simpler problem like the one you need to
Nancy eats there every other day, Becky eats there solve. As you solve the easier problem, you
every third day and Jimmy eats there every fourth may see the way to solve the more difficult
day. one. Or you may discover a different process
that will work with the harder problem. The

The next time they are al together in this restau- trick isto be sure that your simpler problemis
rant they will have a big celebration. How many enough like the original one that the patterns
days from today will the celebration take place? or process you use will help you with the

days. harder situation. Make a simpler problem

first asyou solve this:

The pagesin abook are numbered from 1
to 256. How many timesisthe digit 4
printed?




(" MathStars Home Hints

Math skills develop as you apply concepts
learned in school to real life situations.
Which product is the best buy? How many
tileswill it take to cover the kitchen floor?
What time should we start baking the turkey
so that we can have dinner at 7p.m.? What
do the statistics tell us about the two base-
ball players?

-

\

J

[ 5. Jordan plansto cut aboard into equal-

sized pieces by making 12 cuts in the board.
There will be a 10-inch interval between cuts.
How long is the board?

[
entsif the following recipe istripled.

PLAY DOUGH

Mix together:
1 1/2 cupsflour
1 1/3 cups water
1 1/4 tsp. cream of tartar
3/4 Tbsp. oil

Cook at medium heat until it turns solid.

6. List the amount of each of the ingredi-

[ 7. How many different squares arein this

picture?

O 8. What isthe closest estimated answer to
this problem?

4
+ 8

59

a. 12,000
b. 13,000
c. 14,000

[ 9. Begin at (9,6) to find amystery
dot-to-dot picture. Draw it by connecting in order
with straight line segments the points having the
given coordinates.

(9,6) (1,6) (8,1) (5,9) (2,2) (9,6)

=
o

R N WP O ON 0O

0 12 3456 7 8 910

(" Setting Personal Goals )
Confidence means that you believe in your-
self. You can become a more confident prob-
lem solver by learning to use a variety of
strategies. If your first idea does not work,
don't give up just try another way! Working
with a buddy also helps. You need to remem-
ber that there is usually more than one way to
solve a problem and that practice always

\hel psuslearn.

J
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1 (Answerswill vary. Graph should have the axeslabeled and atitle.) Anexample of a
graph follows:
Hops Made During Ten-Second Trials
25 +
; 20 +
umps 15 + /
1(; + %

Trial 1 Trial 2 Trial 3 Trial4 Trial 5

2. (5 shirts) Making atable would be a good way to work this problem.

Shirt number Amount Per Shirt Tota earned
1 $.50 $ .50
2 $.75 $1.25
3 $1.00 $2.25
4 $1.25 $3.50
5 $1.50 $5.00
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3. (12) Making an organized list/chart of the days each person eats at the restaurant would be one
method for solving this problem.

Days from Today People Eating
S N B J
1 X
2 X X
3 X X
4 X X X
5 X
6 X X X
ETC.
4, Number A Number B~ Sum Product
12 3 15 36
9 3 12 27
9 12 21 108

The second and third examplesin the chart require that the students determine a missing addend /factor
when given one addend/factor and the sum/product. The first example requires the students to find two
numbers with the given sum and product. Some students will probably use the "guess and check”
procedure for thisfirst example; however, others might make alist of factor pairs of 36 and numbers
whose sum is 15 to determine which numbers satisfy both requirements.

5. (130 inchesor 10 feet 10 inches) Studentswill probably draw a sketch of the board and the
cuts and realize that the number of 10-inch piecesis one more than the number of cuts.

6. (4 2 cupsflour, 4 cupswater, 3 3/4 tsp. cream of tartar, 2 1/4 Thsp. oil) Some students
will need to draw pictures to solve this problem. Additionally it would be helpful to provide measuring
cups and spoons.

7. (13 squares) Thediagram isdrawn to scale with small (1 x 1), medium (2 x 2), and large (3 x 3)
squares. There are six small squares, five medium squares, and two large squares.

8. (b. 13,000) The part of the problem that can be seen shows a sum of at least twelve thousand,
five hundred something. This number would be rounded off to the nearest thousand.

9. (The coordinates connect to form a five-pointed star) This example provides students with an
opportunity to use ordered pairsto locate points on a coordinate grid.
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Il 1. Record thesegradesonastemand leaf [ 3.
plot. Thefirst oneisdonefor you.
95, 83, 76, 99, 93, 92, 93, 88
716
Mercury = @ Earth = . Sun= O

Mercury takes 88 earth days to go around the Sun.
About how many times does Mercury revolve
around the sun in one earth year?

il 4. Shemekaowns aguitar store. Sheis
What grade is the mode? buying new strings to put on her guitars. Shehas9
guitars that need 6 strings each. She has 4 guitars

that need 12 stri h. Each stri sts $1.65.
iy 2. [ : D A,andD each stands " rings each. Each string costs $

for adigit. Find what each standsfor usingthese ~ A. How many strings does Shemeka need to string
clues: her guitars?

|:|:| |:| D D B. How much will al these strings cost?

+ A  +A +A +A ( Strategy of the Month )

6 1 9 11 8 What if you know the result of a situation, but
you don't know the beginning? For example,
you might know that you end up with thirteen
|:| _ baseball cards after doing a certain number of

E— trades and you want to figure out how many
|:| cards you had before the trading started. In

that case you need to work backwards; you

A _ have to think about your actionsin reverse
L]

order. This strategy works for any sequence of
_ actions when you know the end result rather
than the starting place. Try working backwards
to solve this problem:

Jo gave a number problem to Nelda. Shetold
her to pick a number, add 10 to it, double that
sum, and then subtract 5. Nelda's answer was
39. What number did she start with?

. J




(" MathStarsHome Hints )

Mathematics can make life easier for you when
you become a good estimator. Spatial estimation
helps you plan how you will rearrange your
furniture or how far to jump to cross a puddle of
water. Using estimation helps you know if you
have enough money for your purchases before
you get to the check-out line. We become good
estimators by practicing. Use your number sense
and spatial sense to think about what the an-
swersto problems will be before you start to
eolve them. )
O 5. Mental Math: Add the even numbers
between 2 and 14. Put your answer in the circle.

[ 6. Draw line segments to show these parts.

HALVES THIRDS QUARTERS SIXTHS

OOOO
OOOO

(1D 7. The studentsin Ms. Ortega's class took
asurvey to find out about their favorite race cars.
Then they made a Venn diagram of this
information. Use the Venn diagram to answer the

ava

Pontiac

Chevy Ford

How many in the class like only Chevys?
How many like Fords?
How many like al three?

(M 8. Michael Jordan scored 39 points against
the Knicksin one game. He didn't score any foul
shots. Find 6 combinations of 2- and 3-point shots
he could have made; he did score at least one of
each shot. Fill in the table below to organize your
answers.

TWO-POINT SHOTS | THREE-POINT SHOTS

(" Setting Personal Goals )

When you encounter a new situation, you use
all of your previous experiences to figure out
the current problem. Reasoning mathemati-
cally means using your brain power to think
logically and sequentially, to put prior
knowledge with new information. Set the
goal of developing mathematical power and

use your thinking power to achieve the goal!
J
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About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

Discussion of problems.....

1. (The modeisthe grade that appears most often--93. Correct stem and leaf plot isbelow.)
7|6
8|38
9123359

2. (O =5 0 =3, A =6, 0 =2) Oneway to do this problem is to guess and check by

substituting different numbers for the symbol A since it appears in each problem. Students might
enjoy making similar problems for each other.

3. (4 times) Students need to know that there are 365 daysin ayear in order to do this problem.
They then can use estimation skills to determine than 4 times 88 is close to 365. An exact answer is
unnecessary since 88 earth daysis also an approximation.

4, (A. 102 strings B. $168.30) Thistwo-part problem involves multiplication and addition.
The students could multiply to determine the cost for each type of guitar ( 6 string or 12 string) sepa-
rately and then add, or they might determine the total number of strings needed and then multiply by
the cost per string. It isimportant to stress the labeling of the dollar amount. A calculator should be
used for this type of problem.

5. (40) The term between means you cannot include 2 and 14. So you have to add 4, 6, 8, 10,
and 12.
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6. (Below are some possibilities)

YSSPIS
)P X

7. (5 studentslike Chevysonly; 7 studentslike Fords; no studentslike all three.)) UsingaVenn
diagram to show results of apoll can quickly demonstrate the results. The question about the Fords
illustrates the need to include all the students who liked Fords as well as other cars.

8. (Seetable below) It ishoped that many of the students will realize/verbalize the reason that it
was not possible to score an even number of three-point shots and have afinal total of 39 points.

Two-point shots | Three-point shots
18 1
15
12
9
6
3 1

R O ~N 01w
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O 1. Placethe missing digitsin the boxes
below.

[ 2. Nine years ago a 10-ounce candy bar
cost 25¢. That same candy bar costs twice as
much now. How much does the candy bar cost
per ounce now?

[ 3. Usethe Tangram puzzle below.
Suppose the square costs 10¢, how much will the
other pieces cost? Put your answersinside each
piece.

10¢

Vol. 4 No. 10

[0 4. Draw the missing shapesin the boxes
below.

4 N

Strategy of the Month

What if you know the result of a situation, but
you don't know the beginning? For example,
you might know that you end up with thirteen
baseball cards after doing a certain number of
trades and you want to figure out how many
cards you had before the trading started. In
that case you need to work backwards; you
have to think about your actionsin reverse
order. This strategy works for any sequence of
actions when you know the end result rather
than the starting place. Try working backwards
to solve this problem:

Jo gave a number problem to Nelda. Shetold
her to pick a number, add 10 to it, double that
sum, and then subtract 5. Nelda's answer was
39. What number did she start with?

- J




(" Math StarsHome Hints )

Mathematics can make life easier for you when
you become a good estimator. Spatial estimation
helps you plan how you will rearrange your
furniture or how far to jump to cross a puddle of
water. Using estimation helps you know whether
you have enough money for your purchases
before you get to the check-out line. We become
good estimators by practicing. Use your number
sense and spatial sense to think about what the
answers to problems will be before you start to
solve them.

- J

[ 5. Copy the drawing below using the
given grid.

(1M 6. Inthe school library 26 students can
sit at the 5 tables with no empty seats. There are
small tables for 4 people and large tables for 6
people.

A. How many small tablesare in the
library?

B. How many large tables arein the
library?

O
OQO O
0

(M 7. For each figure below circle the best
estimate of the area of the figure. Hint: Place
some cm? graph paper over the figure or "draw in"
some square centimeters.

O O

O

O O

A.4cm?
B.5cm?
C.6cm?

X

A. 45 cm?
B. 55cm?
C. 6.5cm?

N

(" Setting Personal Goals

When you encounter a new situation, you use
all of your previous experiences to figure out
the current problem. Reasoning mathemati-
cally means using your brain power to think
logically and sequentially, to put prior
knowledge with new information. Set the
goal of developing mathematical power and

use your thinking power to achieve the goal!
- J




+ MathStars

7 |
( Commentary for Teachers Vol. 4 No. 10

{

About these newsdl etters...

The purpose of the MathStars Newsletters is to challenge students beyond the classroom
setting. Good problems can inspire curiosity about number relationships and geometric
properties. It ishoped that in accepting the challenge of mathematical problem solving,
students, their parents, and their teachers will be led to explore new mathematical hori-
zons.

Aswith all good problems, the solutions and strategies suggested are merely a sample of
what you and your students may discover. Enjoy!!

, 67
8155
2. (5¢) The candy bar costs twice as much or 50¢ now. Sinceit is 10 ouncesin weight each
ounce costs 5¢.
3. (The small triangles are worth 5¢, the parallelogram isworth 10¢, the medium triangleis

worth 10¢ and the large triangles are worth 20¢ each.) A discussion about the cost of all seven
peices may be a good extension.

4. (Thesefigures areturning clockwise and adding an " arm" each time.)

/A
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5. (Accept good attempts.) Studentswill enjoy using this procedure for making copies of agiven
diagram/picture. A good extension of this would be to discuss how this procedure can be used to make
enlargements of a picture.

6. (2 small tablesand 3 large tables) Making a chart of the possibilities would be a good way to

approach this problem.
Small tables Largetables Total students
1 4 28
2 3 26
3 2 24
4 1 22

7. (6 cm?in thefirst figureand 5.5 cm?in the second figure) Students should realize that most
measurement is not exact and we occasionally have to guess at the closest measurement.



