L6 THE RELATIONS GAME #1 L6

Capsule Lesson Summar

Using an arrow picture for support, locate ordered pairs of numbers in a string picture
involving the relation is a multiple of. Do a similar activity with the relation x10. Let
students ask for the location of ordered pairs in a one-string picture to help them decide
which of ten relations the string is for.

Materials )
Telacher  Colored chalk Student * Paper
* Colored pencils, pens, or crayons
#ll Description of Lesson
Exercise 1
Draw these pictures on the board.
is a multiple of
b c d
Do not write the letters on the board. They
are here just to make the description of the
lesson easier to follow.
T: What numbers could these dots (point to b and ¢) be for? is a multiple of
S: 4 and 2. 4 is a multiple of 2. ./9\0 Q
4 2
Record correct responses in lists below the dots. Continue the 100 5
activity until four or five possibilities for b and ¢ have been 30 3
suggested, as shown here. 18 e
36 12
Ask for possibilities satisfying certain conditions. For example:
* b is more than 30. (32, 8) e ¢ is more than 50. (204, 102)
* b is between 40 and 48. (45, 5) e cis17. (51,17)
* b is negative. (79, 3) * cis negative. ("63,77)

* bis0. (If bis 0, ¢ can be any integer) e cis 1. (Ifcis 1, b can be any integer)

Note: In the series of lessons on The Relations Game, we will use raised minus signs for negative
numbers since the game involves many calculator relations.

T: This string is related to this arrow.
Point to one possibility for b and ¢, for example (36, 12).
T: 36 is a multiple of 12. We can show this in the string picture.

i&xaw a dot for (36, 12) inside the string. L-29
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is a multiple of
36 12
T: We have a first number (indicate 36 in each picture) and a second number (indicate 12 in

each picture). (36, 12) is called an ordered pair or a couple. What are some other ordered
pairs that belong inside the string?

Let students offer several ordered pairs belonging to the
relation is a multiple of, as illustrated here.

T (tracing the loop): What number could this dot (d) be for?
Any integer is a multiple of itself, so the dot could be for

any integer. A sample dialogue follows. Put the appropriate
ordered pairs inside the string as they are mentioned.

S: 0.

T (putting (0,0) inside the string): Yes, 0 is a multiple of 0.

S: 1.

T: That’s also right; 1 is a multiple of 1. So what ordered pair belongs inside the string?

S: (1, 1).

S: The dot with a loop could be for 9 because 9 is a multiple of 9, so (9, 9) belongs inside the
string.

What about (77.77)?

It belongs inside the string because ~7 is a multiple of ~7.

T

S

T: How do you know?

S 1x"7="7,and 1 is an integer.
T

(pointing to d): Could any integer be here? (Yes)

Review what numbers are integers by checking numbers such as these.

20 (Yes) 3.0 (Yes) 0.4 (No)
7 (No) 2 (No L (Yes)
100 (Yes) 3143 (Yes) < (No
T: Both numbers in an ordered pair for the relation is a multiple of are integers.

In The Relations Game, it will be important for students to remember this restriction.
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Note: Although 4 x '4=% and 4 is an integer, the ordered pair (%5, '4) does not belong to this
relation because the numbers are not integers. Likewise, (2, /2) does not belong to this relation.

T: Where does (1, 4) belong in this string picture?

S: Outside the string.
Let students suggest other ordered pairs that belong outsi
the string and put them in the picture, as illustrated here.
T: Let’s find some ordered pairs in which (22

neither number is an integer. (101, 5)

[ J
S: (0.4, 96.6).
('5, "2)

S: ("2, %5). i
T: Where do such ordered pairs belong in the string picture?
S: Outside the string.
T: What about (4, 3)? (Outside) (1,2)? (Outside)

What about (%3, %3)?

S: Inside the string, because % = 6,% =2, and 6 is a multiple of 2.

Erase all of the ordered pairs from the string picture; then write a list of ordered pairs nearby.
For example:

(5, 20) (500, 25) (74, 12)
(20, B5) (132, 11) ( &4, 4)
T: On a piece of paper, draw a string for the relation is a multiple of and locate these ordered

pairs in your string picture.

is a multiple of

After a few minutes of individual work, discuss the
correct location of each ordered pair.

(800, 25)
[ ]

(20, 5)
° (5, 20)
(132, 11) °

(&4, 4)
[ J

Exercise 2 (74,.1 2)

Change the pictures in Exercise 1 to consider the relation x10.

x10 Q
T: Let’s consider the relation x10. This relation is not restricted to integers.

I®¥bceed in the following manner. L-31
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* Ask for ordered pairs that belong inside the string. Use the arrow picture for support. Be
sure that some ordered pairs with negative components are included as well as some with
positive components.

* Give one component of an ordered pair belonging to the relation x10 and ask for the other.
Some examples are given below with answers in boxes. Take advantage of this opportunity
to review multiplication of fractions and to find equivalent names for fractions.

(5B GO (5
@) () (. ~90)

Refer to the opposite relation (return arrow) +10, or x”i0, whenever it would be helpful.

Allow a few minutes for individual work before
discussing the correct location of each ordered pair.

* Ask what number is at the dot with the loop. (0)

» Ask for ordered pairs that belong outside the string.

e List ordered pairs such as these on the board, and ask students to locate them in a string
picture for x10 on their papers.

(7, 70) (70.74,774) (%,6)
(95, 9.5) (0.732,7.32) (1%, 12)
(8.3, 830) (4, 40) (3.5, 53)

) ) (7, 70) (1%,12)
Erase everything on the board except the string (-4, 40) ° i (95, 9.5)
before going on to Exercise 3. i (0.752, 7.32)
[ ] 26
) 5,. 830) (50 ) (3.5, 53)
[ J
(-0.74,-74)
[}
Exercise 3
List these relations on the board. Review
them with the class. Mention that the
relation is a positive divisor of is is less than
restricted to integers_ is at least 20 less than
is a multiple of
Note: The string is for FIEIE, but do ifﬁoposmve ivigor of
not reveal this fact to students yet. <D
..

T: This string is for one of these ten FBIE:--

relations. I’ll give you a clue as to (+[4[=].--

which one. El-

Draw a dot for (8, 88) inside the string.

T:

L-32

(8, 88) belongs to the relation. Which of these relations (point to the list) can we cross off?
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S: Is a multiple of because 8 is not a multiple of 88.
S: x10, because 8 x 10 = 80, not 88.
S: X2, because 8 x 2 = 16, not 88.
S: Cross off FI3I=I", because the difference between 8 and 88 is 80, and 80 is not a multiple
of 3.
S: When you add 3s starting at 8, you can get 89 but not 88.
S: 8 is two more than a multiple of 3, but 88 is one more than a multiple of 3.
With the class, check that (8, 88) belongs i less than
to the remaining six relations. is at least 20 less than
. inle-of
is a positive ivisor of
40 e
27
=]
=]
=---

T:

Suggest an ordered pair whose location, whether inside or outside the string, would
eliminate some of these relations as possibilities.

When a student suggests an ordered pair, place it correctly in the picture. For example:

S:
T:

=

IG-VI

(10, 20).

(10, 20) goes inside the string. Does this eliminate some relations as possibilities for the
string? What can we cross off the list?

Is at least 20 less than; 10 is only 10 less than 20, not at least 20 less than 20.
[+ 4= because 10 + 4 =14, 14 + 4 =18, and 18 + 4 = 22. 20 is skipped.

We need some more information. What is another ordered pair whose location would help
us eliminate some other of these relations?

(1,2).
(1, 2) goes outside the string. What can we cross off the list?
Is less than because 1 is less than 2.

Is a positive divisor of because 1 is a positive divisor of 2.

The relation is either [¥12I=]" or [+5]=]
(7,9).

(7, 9) goes outside the string.

The string is for (+5]=]-,

L-33
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(10, 20) (1,2

HEE= oo
[ ]
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L7 THE RELATIONS GAME #2 L/

Capsule Lesson Summar

Review the idea of locating ordered pairs of numbers in a string for a relation. Let
students ask for the location of ordered pairs in a one-string picture to help them decide
which of ten relations the string is for. Introduce The Relations Game.

\
>

Z
<

Materials

Teacher Colored chalk Student * Relations Game analysis sheet
Relations Game poster

Relations Game scoring sheet

Tape

Blacklines 7(a) and (b)

Advance Preparation: Use Blackline L7(a) to make copies of The Relations Game analysis sheet for
Gtudents. Use Blackline L7(b) to make copies of a scoring sheet for use in play of the game (Exercise 3). )

l Description of Lesson

Exercise 1

Draw these pictures on the board. e

T: Last week we used both arrows
and strings for relations. Can
someone explain what the string
has to do with the arrow?

S: Suppose the red arrow is for x10. If the beginning dot is for 2, then the ending dot is for
20. The ordered pair (2, 20) goes inside the string.

T: (2, 20) goes inside the string for x10. Would (20, 2) also go inside the string?
S: No, because 20 x 10 = 200, not 2.

2
Review this idea with a couple other examples of relations; for example, [+HEI=] ... and ¥3.
Exercise 2 is less than
is at least 20 less than
List these relations on the board near the is a positive ivisor of
. . X 1 O

string picture. ‘2

2

<2

T: This string is for one of these ten 5 =...
relations. I’ll give you a clue as to HBIE.--
which one. (+][4][=]. -

=]

Note: The string is for the relation is at

least 20 less than. Do not reveal the

relation to the students at this time. The

students will discover it during the activity.
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Draw a dot inside the string for (3.5, 63%).

T: (3.5, 63'2) belongs to the relation. Are there any of these relations (point to the list) that the
string cannot be for?

S: x10 and x2. 3.5 x 10 =35 and 3.5 x 2 = 7, not 63".

Cross a relation off the list when a student explains why the string cannot be for that relation.

2
S: X3.35x% =74

S: The relation is a positive divisor of has only to do with integers, so we can cross it off.

is less than

With the class, check that (3.5, 63'%) ! I 20 | h
belongs to the remaining relations. 'Es at least 20 leso © Ean
40

T: Can you suggest an ordered 22
pair whose location, whether 25

inside or outside the string, =]

would eliminate some of these S

other possibilities? Hdf=

p ...

In the string picture, locate whichever ordered pair is suggested. The class should use the information
of where the ordered pair belongs to eliminate, if possible, some of the remaining relations.

Continue asking for ordered pairs and eliminating possibilities until the relation is determined.

The illustrations that follow record a sequence of suggested ordered pairs and the corresponding
adjustments to the list of possible relations.

1 | i=tesethan

is at least 20 less than

is less than
is at least 20 less than

=40
>27

5
E...
E...
E...

(5.5,.65;—)

(0, 20)
[ ]

is less than
is at least 20 less than

(5.5,.65;—) (5.5,.65;—)

(0, 20)

(0, 20)

The location of (20, 44) gives no new information.
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Exercise 3: The Relations Game

The rules of The Relations Game are similar to the rules of The Table Game. In The Relations Game,
players attempt to determine which of 21 given relations (see the poster) a string” is for. The game is
divided into two parts. In both parts players select ordered pairs, but only in the second part do they
predict the location of ordered pairs before they are put correctly in the picture. Scoring rules change
from one part to the next. To play the usual version of The Relations Game, proceed as follows.

On the board draw a large string and display a copy of The Relations Game poster near the string.

is the .
square of The Relations Game
isa is a positive | is less is greater
multiple of divisor of than than
2 is at least
x2 x10 X3 20 greater than
- - 22 is at least
72 10 ) 20 less than
#2]=]- | [+HBl=]- | [+4l=]-]| [H5El=]-
=2]=]- | =Bl=]- | =l4=]-| [=l5=]--

Select a student who will be a reliable scorekeeper'. Divide the rest of the class into four (or two)
teams. In the following example, the four teams are referred to as Team A, Team B, Team C, and
Team D. Distribute Relations Game analysis sheets to students.

The game begins with one to three ordered pairs in the string picture as starting clues. Such ordered
pairs can belong either inside or outside the string. Players, either independently or with their team
members, use the clues to try to eliminate some of the 21 possibilities for the relation. Before further
play, give students the option to turn in their analysis sheets with one of the relations circled. A team
gains 15 points each time a member correctly identifies the relation before additional plays are made.
If team members are consulting among themselves, you may prefer to ask the team to turn in just one
sheet. The scorekeeper tallies the points for each team but does not reveal the score at this time.

After a few minutes, proceed by letting each team make a play. A play consists of selecting an
ordered pair to put in the picture as an additional clue. After each play, students or teams may turn in
their analysis sheets with a relation circled. Correctly identifying the relation gains a certain number
of points (see the scoring sheet) depending upon how many plays (additional clues) have been given.
With two teams, each team makes two plays. The last time students (or teams) may turn in their
analysis sheets is after the fourth play is made.

Note: You may find reason to vary the number of additional clues—for example, if time is running
short, if most players have turned in their analysis sheets after two additional clues, or if very few
players have turned in their analysis sheets after four additional clues, and so on.

"See Lesson L11 for a description of how to play this game with two strings.
" The scorekeeper can be an adult who is available during the class time, such as a teacher’s aide or student teacher.
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Now the scoring changes. During the second part of the game, each player (alternating teams) selects
an ordered pair and says whether it belongs inside or outside the string. Announce whether or not the
play is correct, and put the suggested ordered pair correctly in the picture. The scoring for this part of
the game is as follows:

* A team gains two points each time a member correctly locates an ordered pair inside the
string.

* A team gains one point each time a member correctly locates an ordered pair outside the
string.

* A team neither gains nor loses points when a member incorrectly locates an ordered pair.

The second part of the game ends after each player has had a turn. Call on a student to identify the
secret relation while the scorekeeper computes the scores. It is a good idea to provide a scoring sheet
for the scorekeeper to use. Blackline L7 has a sample.

Secret Relation:

Points TEAMA TEAMB TEAMC TEAMD

First part of game
For correctly identifying the relation
+ before additional plays 15 pts.

- after first play 10 pts.
+ after second play 9 pts.
- after third play 8 pts.
« after fourth play 7 pts.

Second part of game
For correctly locating an ordered pair
+ inside the string 2 pts.
* outside the string 1 pt.

Optional Rule: In the second part of the game, you can encourage students to suggest many kinds
of numbers by awarding an extra point for each non-whole number in an ordered pair correctly
located inside the string. For a game played with the optional rule, modify the scoring sheet as
shown below.

Secret Relation:

Points TEAMA TEAMB TEAMC TEAMD

First part of game
For correctly identifying the relation
+ before additional plays 15 pts.

- after first play 10 pts.
+ after second play 9 pts.
- after third play 8 pts.
« after fourth play 7 pts.

Second part of game
For correctly locating an ordered pair

+ inside the string 2 pts.
(bonus for non-whole numbers 1 pt. each)
+ outside the string 1 pt.
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Play the game wi*"z our class. The rest of this lesson description presents a possible game. The
secret relation is ~ 3 ; there are two ordered pairs— (120, 180) and ("10.5, 0)—located as starting
clues.

is the .
square of The Relations Game
isa is a positive | is less is greater
multiple of divisor of than than
2 is at least
x2 x10 X3 20 greater than
- - =2 is at least
72 10 . 20 less than (120,180)
°
#2]=]- | [+B]=]- | [+]4l=]-| [F]5]=]-
=l2]=]- | [=Bl=]- | =l4l=]-| [=l5]l=]- (105, 0)

T: Knowing that (120, 180) belongs inside the string and that ("10.5, 0) belongs outside the
string should help you to eliminate some of the possibilities for the relation. On your
analysis sheet cross out relations the string cannot be for.

Allow a few minutes for analysis. Then ask if anyone wants to turn in an analysis sheet for a possible
15 points.

Note: For your informatipn only, there are six remaining possibilities for the secret relation:
is at least 20 less than, 3 , [F[2I=] [#[3]=]- [+[4]=]- and [FIE[=]-

No one turns in an analysis sheet.

Call on a player from Team A to suggest an ordered
pair for you to locate.

(120,.1 80)
S: (2,22

T: (2, 22) belongs outside the string. (105.0) (2,22)

Allow a few minutes for players to analyze the situation.

[N}

te: This clue eliminates four more possibilities and there are two remaining possibilities:

+ 2
3 and F3B][=E]-

T: Does anyone want to turn in their sheets for a possible ten points?

No one turns in an analysis sheet. ?

Call on a player from Team B to suggest another ordered pair. 3,9

S: (3,6).

(120, 180)
T: (3, 6) belongs outside the string.

(-10..5, 0) (2,.22)

Allow a few minutes for the analysis.

T: Does anyone want to turn in their sheets for a possible nine points?
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Several students turn in their analysis sheets. (The relation is actually determined at this point.)

Next, players from Team C and Team D suggest (10, 15)
and (1, 6) respectively. More students turn in their analysis

sheets for eight points or for seven points. (3,9)

(1,9)
)

120, 180
(120,180)

(10,15)

(108, 0) (2.22)
The scorekeeper tallies the points in the game so Team A | Team B |Team c | Team D
far but does not reveal the totals to the class.
34 ‘ 33 ’ 30 ‘ 33

Now the scoring changes. Players select ordered pairs and state whether each belongs inside or
outside the string.

S (Team A): (20, 0) belongs outside the string.

T: Yes. Team A gains one point.

S (Team B): (33, 22) belongs inside the string. (1-.6)

T: No, (33, 22) belongs outside. Team B
neither gains nor loses points.

(3,0)

(120, 180)
° (20, 0)
[ ]

(10.1 5)

(—10..5, 0) (2,.22)
The game continues until every player has had a turn. (33,22)
T: While the scorekeeper is computing the scores, who can tell us which relation the string is
for?
=2
S: T 3.

The scorekeeper reveals the scores. Team B wins.

The string picture and the scorekeeper’s account at the end of the game are shown below. (In this
example, the optional rule was in effect.)

Team A| Team B| Team C| Team D
34 33 30 33
1 0] 4 1
0 2 2 o)
3, 4 4 0 4
(120, 180)  (18.27) 2 2 2 3
(0.1,0.15) 1,2 1 4 4 3
i ,15)" @ ° 42 45 42 44
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L8 THE RELATIONS GAME #3 L8

Capsule Lesson Summar

Complete ordered pairs of numbers, some which belong and some which do not belong
to the relation is the square of. In a relations game context, use three clues to eliminate
possibilities for a string’s label. Then investigate how the location of various ordered
pairs would distinguish the four remaining possibilities. Play The Relations Game.

(" Materials A
Teacher * Colored chalk Student * Relations Game analysis sheet
* Relations Game poster e Paper
¢ Relations Game scoring sheet * Colored pencils, pens, or crayons
e Markers

e Blacklines L7(a) and (b)

Advance Preparation: Use Blackline L7(a) to make copies of The Relations Game analysis sheet for
students. Use Blackline L7(b) to make copies of a scoring sheet for use in play of the game (Exercise 3).

ll Description of Lesson

Exercise 1

Draw this string picture on the board, but leave

blanks where there are underlined numerals.

Ask students to copy the picture and to fill in

the blanks. Allow about five minutes for students )
to work individually or with partners; then review
possible answers collectively. The illustration
here shows one of the many possible ways to (36,11)
complete the picture. °

| is the square of |

(0.01,0.1)
(25, B) ,
® (49,-7) °

(1.44,1.2) @
®  '(0.0903) (&1
°

(400,20)
[

(4. 2)
°

Comments

* Be aware that there are many correct ways to fill in each blank since every number has
many names. For example, the square of 2 may be written as 4, %, 0.25, and so on.

* When multiplying decimals, students may prefer to do the calculation with fractions.
For example, 0.3 x 0.3 = %10 x %10 = %100 = 0.09.

* Observe that there is only one number that is the square of another number, but that a
positive number is the square of two different numbers. For example, in this exercise there
is only one possibility for the first number of the ordered pair ( , 1.2), namely 1.44.
But there are two possibilities for the second number of the ordered pair (49, ),
namely 7 and 7.

 Notice that the square of a number is not always greater than the number; for example,
(2)? = ¥4 and Y4 < %5. For your information, the square of a number between 0 and 1 is
always less than the number.
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Exercise 2

Draw this string picture on the board and display a Relations Game poster nearby.

is the .
square of The Relations Game
isa is a positive| is less is greater
multiple of divisor of than than
2 is at least
x2 x10 X3 |20 greater than
- - =2 is at least
@de 2 10 "3 20 less than
[+2]=]- | [+EBI=]- | [+HA4l=]-| 5=
(10,100) (100,10)
° ° F2l=]- | EBI=- | =4=]-| =El=-

The string is for one of these relations (point to the poster). There are three clues in the
picture. Which relations can we cross off, and why?

Cross off x10 and +10. 10 x 10 = 100 and (10, 100) is outside the string; 100 = 10 = 10 and
(100, 10) is outside the string.

100 is 90 greater than 10 so cross off is at least 20 greater than and is greater than.

Since 90 (the difference between 100 and 10) is a multiple of 2, 3, and 5, we can cross off
|:||_2”;|‘“, EIBIEl, and [=IBI=l. But we cannot cross off [=I[4[=] because 90 is not a
multiple of 4.

Likewise 10 is 90 less than 100. So we can cross off ...is at least 20 less than,
is less than, H2I=]~ [#[3]=] and [FI5][=]-,

Continue the collective analysis until only _m The Ralallons Gamae

four labels remain as possibilities. _;ﬁﬂ

T:

o

the string’s label. If we knew an

There are still four possibilities for M :31‘:: X mm -
ordered pair that belonged inside :ﬁﬂ.’: mn

1k
cafbs | e i

the string, would we know what the R :EE{_' 'M_ Eﬁs

string is for? EE: }EE_’ a=— Emc_

Allow a few minutes for students to consider the situation before discussing it. Perhaps their initial
reaction will be that the location of any ordered pair inside the string would determine the string
label. To investigate, ask for ordered pairs that could belong inside the string, and ask students what
their location tells about the string label. For example:

S:

L-42

2
If (6, 4) belongs inside the string, then the string is for the relation *3; 6 x % = 4. But
6+2=3,not4.6+%=9,not4. And 6] [=]1[4] [=] ... never equals 4.

If (30, 10) belongs inside the string, then the string is for the relation [=[4[=]-
because the difference between 30 and 10 is 20, a multiple of 4. But 30 -2 =15,
not 10. Also, 30 x % =20, not 10, and 30 + 3 =45, not 10.

Can an ordered pair ever belong to more than one of these four relations?

IG-VI



If no one suggests (0, 0), do so yourself.

The class should find that (0, 0) belongs to three of the four relations.

T: Can an ~lered pair ever belong to _ 2 h +2 and =I4[E]--»

To bothxa and [Z18IE2 To both ™

3 and (=] 4]=]- =?

While students consider the situation, draw this table on the board.

T: Let’s find some ordered pairs that belong to each
of these relations, trying to find some that also
belong to the relation [=I48[E].

Accept and record ordered pairs for each relation. Each time an ordered pair is suggested, ask the

class to check if it also belongs to the relation [Z[4I[=]

Continue until the class finds at least two ordered pairs
for each of the three relations that also belong to the
relation [ZI4IEl. Your table might look similar to

this one.

; circle an ordered pair that does.

(10,5) (1.2 (10,15)
(6, 4) (2,3)
(12,6) | (9,6) (4,6)
(7.3%) (-4,76)

(t8,~4)

(15,10)

(-12,-8)

Note: During the activity, the class may begin to see that there are infinitely many possibilities in

each case, as summarized in the pictures below.

.2
-3
any positive any negat|ve
multiple multlple
of 8 of 8
=4)=]---
T: Getting back to our original question, would we necessarily know which of the four

relations the string is for if we knew an ordered pair that belonged inside the string?

S: No; knowing that (8, 4) belongs inside the string, for example, would not tell us whether

the string is for +2 or for ZI4I=-,

Any of the circled ordered pairs in the table could be used in an explanation.

Exercise 3

Play The Relations Game if there is sufficient time remaining in the class period. (See Lesson L7,
Exercise 3 for a description of the game.) For a possible game, let the string be for the relation
is a positive divisor of, and locate (1.5, 21.5) outside the string as a starting clue.

IG-VI
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L10 THE RELATIONS GAME #4 L10

Capsule Lesson Summary

Play The Relations Game. Locate some ordered pairs in each of the four regions of a
two-string picture in which one string is for the relation [+[SI= and the other is for the
relation is at least 20 less than.

\_ Z
<

( Materials
Teacher ¢ Colored chalk Student * Relations Game analysis sheet
¢ Relations Game poster e Paper
* Relations Game scoring sheet * Colored pencils, pens, or crayons
* Colored markers or crayons
 Blacklines L7(a) and (b) Advance Preparation: Use Blackline L7(a) to

make copies of 1he Relations Game analysis sheet
for students. Use Blackline L7(b) to make a scoring
sheet for use in play of the game (Exercise 1).

\_ Y,
l Description of Lesson

Exercise 1

Play The Relations Game. For a possible game, let the string be for the relation [EI3IE], and locate
three ordered pairs in the string picture as starting clues. You may want to tell the class that the
relation is determined by these clues.

is the .
square of The Relations Game
isa is a positive | is less is greater
multiple of divisor of than than
2 is at least
x2 x10 X3 20 greater than
-120, 180 - = =2 is at least
(1200 @1 +2 10 "3 20 less than
5
(60,40) i #2]=]- | [#3]=]- | [+[4l=]-| [+][5]=]-
=l2]=]-- | [=3]=]- | [=l4l=]-| [=]5]l=]-

After the game, collectively analyze the starting situation to find that the relation indeed is
determined by the three clues.

Using the information that (7120,~180) is Using the information that (60, 40) and (%5, 1) are
inside the string, cross off these relations. outside the string, cross off additional relations.

! The Relations Game

340 | 2 |20 greatoraten
>4

The Relations Game
s a than

is at least

20 greater than

is

T
T

=2 i | i |
"3 2 s >%< 2 s

. o i
S
TEE- | EEE-
- (Eme bt | o
Your students might not use the clues in any particular order nor exhaust each clue completely.
Allow the analysis to flow in a style that your students initiate.

G
> | B
(n] | AN
0] N+
o | [
[n] | iy
E%
=
L] |
N
o] | il
[i] | (]
E’E
M)
i\
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Exercise 2

HEIE..

Draw this string picture on the board.

Ask for ordered pairs that belong to each of the four
regions. Sometimes place conditions on the numbers,
for example:

e Both numbers in the ordered pair are
whole numbers.

* Only one number in the ordered pair
is a whole number.

* Neither number in the ordered pair is a whole number.

* One number in the ordered pair is negative.

* Both numbers in the ordered pair are negatives.

When a student suggests an ordered pair, ask why it belongs in the region being discussed at that
time. A good response might be the following.

S: (10, 15) belongs in region A. 10 + 5 =15, so (10, 15) belongs in the red string. 10 is not at
least 20 less than 15, so (10, 15) does not belong in the blue string.

B "iGss thars

After a while, your picture might look
similar to this one.

(25, 40)
[

i (-1,100) (1,.2)
89 ¢ o) 0ez00) | 0t.90)
¢ ® 500,/ °
(-2,13) °
° (6.133)
°
(_9,‘_7) ('3.,3) (2517,.54'5 )
Erase all of the ordered pairs in the string picture; then write this list of ordered pairs near the
picture.
(8, 103) (~4,6) (732,717) (%,303%) (710, 9.5)
(2.7,17.7)  (0,0) (73.4, 6.6) (Z,4 (42, 99.75)
T: Copy the string picture on a piece of paper and locate these ordered pairs (point to the list).

After about five minutes of individual or partner
work, discuss the location of the pairs.

Accept any correct method, but encourage
looking at the difference between the numbers
of an ordered pair to decide whether or not the
ordered pair belongs inside the red string. For
example, the difference between 4 and 6 is 10,
a multiple of 5, so ("4, 6) belongs inside the
red string. Also, since 74 is not at least 20 less

than 6, ("4, 6) belongs outside the blue string.
L-50 IG-VI
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L11 THE RELATIONS GAME #5

Capsule Lesson Summar

Determine relations for two strings when given three clues and placement of other
ordered pairs suggested by the class. Play The Relations Game with two-strings,
cxplaining minor changes in the rules when extending to a two-string game.

>

Teacher

Z
<

Materials

Colored chalk Student » Relations Game analysis sheet
Relations Game posters e Worksheets L11* and **
Relations Game scoring sheet

Colored markers

Blacklines L11(a) and (b)

Advance Preparation: Use Blackline L11(a) to make copies of The Relations Game analysis sheet for
students. Use Blackline L11(b) to make a scoring sheet for use in play of a two-string game (Exercise 2).

\_

il Description of Lesson

Exercise 1

L11

Draw this string picture on the board and display two Relations Game posters, one on each side of
the string picture.

Red Blue
square of The Relations Game | | | | square of The Relations Game
is a positive| is less is greater isa is a positive| is less is greater
multiple of divisor of than than multiple of divisor of than than
2 is at least 2 is at least
x2 x10 X3 20 greater than (-3, 30) x2 x10 X3 20 greater than
= e =2 is at least ’ = = =2 is at least
2 10 "3 20 less than L 2 10 "3 20 less than
F2]=- | FHBEI=- | [+4l=]-| EE- [3020) 2= | FHBEI=- | [+H4l=]-| FEE-
[ ]
=2]=]- | EBEI=- | [=14l=]-| [=EE=- E2l=]- | [=IBI=- | =4l=]-|  [=El=]-

Note: The red string is for is a multiple of and the blue string is for is at least 20 greater than.
Do not reveal the string labels at this time. Students will discover them during the activity.

T:

There are three clues as to which of these relations (point to a poster) the strings are for.

What does it mean to have (30, 20) crossed out?

It means that (30, 20) does not belong in that region of the picture.

Could (30, 20) belong in the blue string?

Yes, but then it would be in the middle region belonging also in the red string.
What can we cross off the Red list?

All of the “minus” relations.

Why?

Because 4 is greater than ~12. If we subtract a positive number from ~12, we get a negative

number less than ~12.

Cross EI2I[E, FIRIE], [=4[=], and FIBIE off the Red list.

IG-VI
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2
S: Cross off *3, because “12 x % ="8.

Red
The Relations Game

isa is};lpgéi'iie is less iSgre
multiple of iSO than a
| E |20 grest
20 an
2 S
FZE- | PRE | FEE-| BEE-

Blue

i

Continue the analysis until the class finds that
only four possibilities remain for the red string.
The location of (712, 4) is sufficient to eliminate 1
8 of the possibilities for the red string.

AX

The Relations Game
is;a’?éﬁ‘(le ‘is/t#eﬁe\/ is greater
p viso a than
2 is at least
x10 >’§< 20 greater than
2 S
FEE- | BEE-| HE

ERL=- | EEE| SBE

T: What can we cross off the Blue list?

HH

Let students suggest relations that can be
crossed off. Using the location of (73, 730),
students will be able to eliminate all but
four of the possibilities for the blue string.

[AN

HE XX

Determining the location of (30, 20) will
allow students to eliminate one more
possibility. You may need to prompt the use of this clue, as in the following dialogue.

T: Where does (30, 20) belong? Could it be inside the red string?

S: (30, 20) cannot be inside the red string because there are only four possibilities left for the
red string and (30, 20) does not belong to any of them: 30 is not a multiple of 20, 30 is not
less than 20, and using [Y\21=]" or [*|4I=]" from 30 we get greater numbers, never 20.

S: (30, 20) belongs outside both strings.

T: Knowing that (30, 20) belongs outside
both strings, what else can we cross

off the Blue list?

S: Is greater than because 30 is greater than 20.

T: There are four possibilities left for the red
string and three possibilities left for the (30, 20)
blue string. e

Suggest some ordered pairs whose locations would help us determine what the string
labels are.

A sample dialogue follows.

S: (15, 25).
T: (15, 25) belongs outside both strings.
S: The red string cannot be for
[(+[2]=], because we can
add 2s to 15 and get 25. (30, 20)
S: The red string cannot be for is less than because 15 is less than 25.
S: We cannot cross any more relations off the Blue list.
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T:

So now we have two possibilities left for the red string and still three possibilities left for

the blue string.
Red

Blue

H

ar The Relations Game

The Relations Game

multiple of

isa

2 is at least
x10 >§< 20 greater than

il

il

T | 35| aviess

+]

Y
/N
4]
&
N

FEEl- | FEE- | BEE- | EEE-

i

)

CBE- | EEE- | OEE-| CEE-

S: (1, 10).
T: (1, 10) belongs outside both strings.
S: The blue string cannot be for x10

because 10 x 1 = 10. o

(3. 30)

S: The two possibilities for the red string

are still okay. (ogea

(15, 25)
S:  (25,5). ¢
(1, 10) (30, 20)

T: (25, 5) belongs inside both strings. A ®
S: The red string cannot be for [*14[=]

and the blue string cannot be for EI3IE]~,

Red Blue

7
[ =]

The Relations Game

The Relations Game

x| 3 | XE |0 grestireman | | X | _FH | B (a0 groster than]
2| 3| S| st | | 22 | 30T | T opiced

Exercise 2: The Relations Game with Two Strings

Minor modifications need to be made in the rules for The Relations Game (see Exercise 3 of

Lesson L7) in order to extend it to a two-string game.

First Part of the Game:

In the first part of the game, the point system stays the same except points are awarded only when
both relations are correctly identified.

IG-VI
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Second Part of the Game:

In the second part of the game, points are
awarded as follows:

* A team gains four points each time a member
correctly locates an ordered pair in region C.

* A team gains two points each time a member
correctly locates an ordered pair in regions A or B.

* A team gains one point each time a member correctly locates an ordered pair in region D.
* A team neither gains nor loses points when a member incorrectly locates an ordered pair.

Use a scoring sheet that incorporates these changes (see Blackline L11(b)).

Play a two-string game with your class. As a
possible game, let the red string be for [+[3][=]-
and the blue string be for x2. Give three starting
clues as shown here. You may want to tell the
class that the red string (relation) is determined
by these clues.

Worksheets L11* and ** are available for individual work. (1.3,41.3)
Mame L11 * Mame Li1 * &
et Tkt S I bt purd |5 e a2l bbb e dringe LAnt bt chawr I Db pRdure 1o o e <l e dbe e dringe canned
a2 bl Thein Bkl [t i 3o Fritst. Than -4 Bd dirin e

Cllel- [acla]
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Name

Use the clues in the picture to cross out labels the strings
cannot have. Then label the strings.

The Relations Game
Red Blue

is less than

is greater than

is at least 20 less than

is at least 20 greater than

is a multiple of

is a positive divisor of

is the square of

x10

~10

(0.09, 0.3)

X2

N

X

Inojwlno

"3

F2]

H2IE]

FEIE]

=3I

F4I=E]

A=

FRIE]

=S




Name L11 *xx

Use the clues in the picture to cross out labels the strings cannot
have. Then label the strings.

The Relations Game

Red Blue

is less than

is greater than

is at least 20 less than

is a multiple of

is a positive divisor of

is the square of

x10

=10

X2 1222)

2

N

X3

N

2

H2IE]

FEBIE]

=cE

FAI=E]

A=

FIBIE

=SS




L7(a)

is the -
square of The Relations Game
isa is a positive| Isless is greater
multiple of divisor of than than
2 is at least
X2 x10 X3 20 less than
= = 22 is at least
2 +10 "3 20 greater than
+(|2|= +(3 =] +i|4|= +(5[=]e-
_2= _3=... _4=... _5=...
is the -
square of The Relations Game
isa is a positive| Iisless is greater
multiple of divisor of than than
2 Is at least
x2 x10 X3 20 less than
- - 22 is at least
2 +10 "3 20 greater than
+2= +3= +4=... +5=...
_2= _3= _4=... _5=...




L7(b)

Scoring Sheet for The Relations Game

Secret Relation:

Points

First part of game
For correctly identifying the relation

* before additional plays 15 pts.
» after first play 10 pts.
* after second play 9 pts.
» after third play 8 pts.
* after fourth play 7 pts.

Second part of game

For correctly locating an ordered pair
* inside the string 2 pts.
* outside the string 1 pt.

TEAMA TEAMB TEAMC TEAMD

Scoring Sheet for The Relations Game

Secret Relation:

Points

First part of game
For correctly identifying the relation

* Dbefore additional plays 15 pts.
» after first play 10 pts.
» after second play 9 pts.
e after third play 8 pts.
» after fourth play 7 pts.

Second part of game

For correctly locating an ordered pair

* inside the string 2 pts.
(bonus for non-whole numbers 1 pt. each)

* outside the string 1 pt.

TEAMA TEAMB TEAMC TEAMD




The Relations Game

L11(a)

The Relations Game

Name Name
Team Team

Red Blue Red Blue
is less than is less than

is greater than

is greater than

is at least 20 less than

is at least 20 less than

is at least 20 greater than

is at least 20 greater than

is a multiple of

is a multiple of

is a positive divisor of

is a positive divisor of

Is the square of

is the square of

x10 x10
+10 +10
X2 X2
+2 +2
x% x%

2 2

|
O ([n] | (] (]| W] | (L] [IN] [N [

I
|| [] | i (][] [[W0] | IN] | [N e
i
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Scoring Sheet for The Relations Game with Two Strings

Blue String

Secret Relations: Red String

Points

First part of game

For correctly identifying both relations
* before additional plays 15 pts.

o after first play 10 pts.
» after second play 9 pts.
e after third play 8 pts.
» after fourth play 7 pts.

Second part of game
For correctly locating an ordered pair

* inside both strings 4 pts.

* inside only one of the 2 pts.
strings

e outside both strings 1 pt.

TEAMA TEAMB TEAMC TEAMD

Scoring Sheet for The Relations Game with Two Strings

Secret Relations: Red String

Blue String

Points

First part of game
For correctly identifying both relations
* before additional plays 15 pts.

» after first play 10 pts.
* after second play 9 pts.
o after third play 8 pts.
e after fourth play 7 pts.

Second part of game
For correctly locating an ordered pair

* inside both strings 4 pts.
* inside only one of the 2 pts.
strings

* outside the string 1 pt.

TEAMA TEAMB TEAMC TEAMD






