Pe

rplexing Puzzle

Conce:pt:

TEKS Focus:

Institute Notes

Investigate the properties and characteristics of a pro-
portional relationship.

6.3—The student solves problems involving proportional
relationships. . \

7.3—The student solves problems involving proportional

~ relationships.

Overv ew:

Materials:

Procedire:

8.3—The student identifies proportional relationships in
problem situations and solves problems. '

The puzzle activity will set the tone for the entire insti-
tute by providing investigations into proportional rela-
tionships and their characteristics, Participants will ex-
plore how they can build a larger puzzie by using a va-
riety of strategies. Through a debriefing of the activity,

characteristics of a Proportional relationship will be dis- ,

cussed:

* comparing with ratios vs, comparing with differences,

* using a table to look for pattems that form equiva-
lent ratios,

* using equivalent ratios to find the constant of pro-

" portionality (¥ = ) in both fraction and decimal form,

* using this constant of proportionality, k, to write an
equation of the form y = kx, and

* graphing the ordered pairs in the table to see that
they form a straight line through the origin with the
equation of the form y = kx.

Throughout this activity, multiple representations (ver-

bal, concrete, pictorial, tabular, graphical, and algebraic)

will be used to provide depth of understanding for this

“big idea” of proportional relationships.

Puzzle cut into pieces in envelope (1 per group of 4-6)
Construction paper (4 sheets same color per group)
Construction paper of a different color (1 sheet per group)
Scissors Metric rulers Graphing calculators

1" graph paper Masking tape

Scratch paper Glue sticks

Markers and/or peel-and-stick dots

1. Participants will work in groups of 4-6 on this activity.

Also:

Grade 6

1B, 5, €8, 7, 8B, 8D, 11A
11C 11D, 124 12B, 138
Grade 7

1B, 2D, 2F, 4A, 4B, 5, 6B,
6D, 7A, 13A,

13D, 14A,14B, 154, 158
Grade 8

1B, 2A, 2D, 5A, 6A, 7D,
9B, 10A, 14A, 14D,
15A,15B, 16A, 168 :
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Debrie‘ing:

2. Each member of the group is to select one or more
of the pieces of the puzzle. The group is to work to-
gether to arrange the pieces to make a rectangle.

3. Once the rectangle is made with all eight pieces, each
member will retrieve their piece(s) of the puzzle and
carefully measure each side in centimeters.

4. The task of each group is to make a puzzle larger
than the one in the envelope using this clue: “The
side measuring 4 cmin a figure must measure 6 cm
in the larger puzzle.” (Show Transparency 1.)

5. Each member of the group is to work independently
to enlarge their puzzle piece.

6. When everyone in the group has completed making
their enlargement, the group will work together again
to arrange the larger pieces to complete the puzzle.

7. If any pieces of the enlarged puzzle do not fit, par-.

ticipants should discuss the strategies used to en-
large each piece. |

8. Aftereach group has hadtime to assemble the puzzie
using the enlarged pieces, begin the debriefing of
this activity. This is the most important part of the
activity as strategies for solving are discussed. These
strategies will be used throughout the institute and
be explored in depth. '

Depending upon your observations of the groups,'

choose one of the following two options for debriefing.

Option One:

1. Ask each group to explain their strategy for enlarg-
ing the puzzle. At least one of the groups will prob-
ably use equivalent fractions and the “cross-prod-
uct” method. Ask them how many different equations
they used to find the larger dimensions for their puzzie
pieces. Ask them what was the same for each equa-
tion.used and why.

2. Ask participants what the 2 represents in the equa-

tion. What is another way to write each equation using
decimals? They should respond: y = 1.5(7),
y=1.5(9), y =1.5(8).

Math Notes:
There are many ways to put

the puzzie together into a
rectangle.

If participants work on the
puzzle in a group before try-

- ing it independently, the

misconceptions that the
puzzle can bring out about
proportionality will be cor-
rected too early by the
group. The important con-
trast between “comparing
with addition and subtrac-
tion” and “comparing with
multiplication and division”
will not occur, -

Participants are likely to add
2 to 4 to get 6 and likewise
add 2 to each measurement
to get the larger measure-
ment. However, the result-
ing puzzle pieces wili not fit
together. By doing this, they
are thinking of an “additive
process” rather than a pro-
portional “muiltiplicative pro-
cess”,

By examining a pattern in
each of these equations,
help participants develop an
equation that can be used
to find the dimensions of
any puzzle piece according
to the rule for enlargement.

Example:

4=7 4=9

6 y By

4y=6-7 4y=6+9

y=6+7 y=6+9
4 4
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Exten:ion:

Ask participants to write an equation for enlarging

© any puzzle piece using the given condition.

Discuss the significance of 6 or 1.5 as the
4

.constant of proportionality. Ask participants to com-
~ pare their method of finding the larger sides of their

puzzle piece using “cross-products” vs. using the
equation, y = 1.5x.

. Ask participants to help ybu complete the table of

values in Activity 1 and discuss the questions.

Next, have participants graph the data from the table:

on 1" graph paper using markers and peel-and-stick
dots.

Record the data on Transparency 2 and have par-
ticipants discuss the questions.

Option Two:

1

Instead of asking participants how they solved the
puzzle, begin with having them help you complete

the table in Activity 1 for original and new lengths of
the puzzie pieces.

Next, have them observe any pattemns in the table

and note the ratio of new length to original length for
each measurement in the table.

. Ask participants to rewrite the equation y = k so that

X
it is not in fractional form.
They should write the equation y = kx.
Next, have participants use 1* graph paper, mark-
ers, and peel-and-stick dots to graph the data in the
table.
Record the data on Transparency 2 and have par-
ticipants discuss the questions.

Have participants make a puzzle which represents a
reduction of the larger puzzle created in the original ac-
tivity according to the following condition: The side of
the enlarged puzzle piece which measures 9 cm must

Have participants general-
ize by writing y = 1.5x,
where xis the length of the
side to be enlarged and yis
the new length. Ask partici-
pPants to verbalize the
meaning of the terms of the
equation y= 1.5x,

Discuss the use of technol-
ogy in solving the problem.
The form y = 1.5x can be
used more readily with a
calculator or as part of a
computer program than can
the cross-product method.

Participants should observe
that there is a set of equiva-
lent ratios of the general
form y which equals a
constant k. Thus, we can
write an equation y = kto
X

express this relationship.
For this activity, the equa-
tion becomes 6 = kor

4
1.5 = kin decimal form. The
constant kis called the con-
stant of proportionality.
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measure 5.4 cm in the smaller puzzle piece.

Asseisment: a. Provide participants with a set of tangrams and have

Notes:

them enlarge the set so that the side measuring 5

- cmwillbe 9 cmin the larger puzzle. Ask them to use

the characteristics of a proportional relationship to
help them complete the task. Also, have participants
graph the ordered pairs (original length, new length)
and compare to their first graph in this activity.

. Have participants write a joumnal entry for the activ-

ity by completing the following statements: “ used
(strategy) to enlarge my puzzle piece

initially because - Now that | am |
aware of the characteristics of a proportional rela-
tionship, | planto use __ . to enlarge or

reduce a figure because
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Transparency 1

We are going to make a larger puzzle
'he same shape as the smaller puzzle,
so that the edge of a piece that
measures 4 cm in the old puzzle
measures 6 cm in the new puzzle.

Enlarge your piece of the puzzle
so that it will fit into
the new larger puzzle.

TEVTCALIA ™ _u -+ s S o
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Perplexi;ag Puzzie

Activity 1
Original Process New
Length |New Length Length
(incm) {incm) {in cm)
2 1.5(2) 3.0
3 1.5(3) 4.5
4 1.5(4) 6.0
5 1.5(5) 7.5
6 1.5(6) 2.0
7. 1.5(7) 10.5 -
8 1.5(8) 12.0
1 1.5(11) 16.5
X 1.5(x) Y
a Whatls&nrabdmbr\g'mwavmlmbrmmwmm
this ratio represent?

b. Hlpboaoﬂheaig'nalpuzzhhadnﬂdeﬁhimgthucm.whatmjd
ummdmmammmm?

c IfhmmﬁMMlﬁ“dWﬁ&SM.mtmﬂwbﬂgﬂ\
of the side of the original puzzie plece? -

d.

sides of the third puzzie pieces? :
a. Hmmpczzhpieoehasamdizmtndwumwwm
ammmmusnmwmmmmmm

f. Ifmmmmmeammhwh«amddeofhmmmﬂs
ZSﬁmubngasanideomuodqhdpuzh.mtoquuﬁmoujd
You Use to determine the lengths of the other sides?

Answer:; and Math Notes:
a.5,3, or1.5; It is the constant of proportionality.
4 2
b.21 cm
e.15¢m
d. Multip y each side of the original by 1.75.
e. Multiply each side of the original by 5 or its decimal equivalent.

12
Or, use the equation y=5 x,

12
where y 12presents the new length and x the original length.
f. y=2.5¢ where yrepresents the new length and x the original length.

Reason and Communicate:

a. Participants should observe that
these ratios are equivalent ratios. Ask
if anyone used equivalent ratios to find
the larger dimensions of their piece(s).
Also have participants note that in a
Proportional relationship, the ratio of
y/xis constant and can be seen easily
in a tabular format.
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Activity 1
Original Process New
Length |New Length Length
(incm) (incm) (in cm)
2
-
4
5
" 6
" 7
“ 8
=
A - | - -

W hat is the ratio of new length to original length for each row? What does
th s ratio represent? )

If 1 piece of the original puzzle had a side with length 14 cm, what would
be the length of the side of the new puzzle piece? ,

If the new puzzle piece has a side of length 22.5 cm, what was the length
of the side of the original puzzie piece? :
If 'rou wanted to make a third Puzzle where the original piece with a side
of 4 cm becomes 7 cm, how would you determine the lengths of the other
sicles of the third puzzle pieces? - :

It \rour new puzzle piece has a length of 12 cm and you wanted to make
a reduction of the piece to 5 cm, how would you determine the lengths of
tha other sides?

If 'ou wanted to make a new puzzle where one side of the new puzzie is

2.5 times as long as a side of the original puzzle, what equation could
you use to determine the lengths of the other sides?
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- - Answers:
Perplexing Puzzle a. Participants can recognize k = 1.5
Trariataaricy 2 as the slope of the line by showing that

achange of 1 in xresults in a change
of 1.5in y, e.g. from (1, 1.5) to (2,3).
b. Possible answers: A piece of the
original puzzle whose length is Becm
becomes a piece in the new puzzle
whose length is 12cm. A length of the
- new piece is 1.5 times the length of
i3 the original piece or 12 is 1.5 times 8.
2 Some participants may observe that
s (8, 12) represents “an ordered pair of
measurements.”
c. We are looking for a length of the
new piece thatis 1.5 times the length of
12. Or, we are looking for the value of y
so that the ratio of y to 12 is equivalent
to 3.
Original length e
o Desrbstwgph : d. These ratios are equivalent and
: mr&;d;o:xg&m m“:.:ﬁ;m?m = . name the number 1.5 or 3.
maeans in words, &
d. Compare the ratios of J.:rl:w each ordered palr graphed, e. constant of proportionality
What Is significant about these ratios? Explain, - (% 1) 23em
:. What is another name for 1.5 or 372 in this setting? 2) 43.5cm

Uuagmwummmmmm.m.sxmmme
mum.u:«umamnsmmmumz
1) Hhh@hdndﬂodhmmhﬁmhuﬁm.m
bmmuideoltfnaigmmzncpioea?

2) n.mummmmhammwm@u
side of the new puzzie piece be in cm? :

TEXTEALS Proporionsl Reltonanics rethae 3 Trarmparency

Math Notes:

a. They should explain that the graph of their data is a straight line that
passes through the origin. Ask them to keep this in mind as we examine
other pioportional relationships to see if there is a pattern in the graphs.

d. Leac participants to make the connection between the ordered pairs in
their tat le with the constant ratio 6/4. They should realize that a ratio can
be inter dreted as “an ordered pair of measurements.”
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Transparency 2
o
S)
=
)
=
ob)
4
Original length
Describe the graph.

What does the ordered pair (8,12) mean in this problem?

If we are looking for y in the ordered pair (12, y), state what this
means in words.

Compare the ratios of Y for each ordered pair graphed.
o . :
What is significant about these ratios? Explain.

What is another name for 1.5 or 2 in this setting?

Use a graphing calculator to graph this line, y = 1.5x, and set up a
table of values. Use the table of values to answer these questions:
1) If the length of a side of the new puzzle piece is 34.5 cm, how
long was a side of the original puzzle piece?

2) I a side of the original puzzle piece is 29 cm, how long would a
side of the new puzzle piece be in cm?







