Hexagons

This problem gives you the chance to:
* recognize and extend a number pattern in a geometric situation
« find a rule for the pattern

Maria has some hexagonal tiles.
Each side of a tile measures 1 inch.
She arranges the tiles in rows; then she finds the perimeter of each row of tiles.

[ tile
perimeter = 6 in.

2 tiles
perimeter = 10 in.
3 tiles

4 tiles

Maria begins to make a table to show her results.

Number of tiles in a row Perimeter in inches
1 6
2 10
3
4

I. Fill in the empty spaces in Maria’s table of results.

What will be the perimeter of 5 tiles?
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2. Find the perimeter of a row of 10 tiles. inches
Explain how you figured it out.

3. Write a rule or formula for finding the perimeter of a row of hexagonal tiles
when you know the number of tiles in the row.
Let n = the number of tiles, and p = the perimeter.

4. Find the perimeter of a row of 25 hexagonal tiles.
Show your work. inches

5. The perimeter of a row of hexagonal tiles is 66 inches.
How many tiles are in the row?
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Hexagons

Test 7 Form A Rubric

The core elements of performance required by this task are:
+ recognize and extend a number pattern in a geometric situation
+find a rule for the pattarn

Based on these, cradil for specilic aspects of perlormance should be assigned as follows:

Puoinis

I.  Completes the table correctly by writing in the numbers:

Number of tiles in & row Perimeter in inches

1 i

Gives correct answer as:

22 inches

2. Gives correct answer as:
42 inches
Grives a correct explanation such as:

The perimeter increases by 4 each time:
22+5x4=42

3. Gives a correct rule such as:
p=4dn+12

Accepr verbal equivalents.

4. Gives correct answer as:
102 inches
Shows correct work such as:

p=4x25+2=

L

Gives correct answer as:

16

Total Points
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L ooking at Student Work — Hexagons

formula. Student A then uses algebrato solve for nin part 5.

Hexagons gives students an opportunity to show their ability to use agebraasa
problem-solving tool. Student A is an example of a student who uses atable to find a
pattern in part 2. In part 3 Student A is able to write the pattern as an algebraic

. Maria beging to make a table to show her results,

Number of tiles jn a raw Perimster in inches
i 6 i
2 1
! |
3 : '
iy .:JE’ v
4 TS
1
. L FJJ]i.nthcc;mpty spaces in Maria’s table of results. J
- What will be the perimeter of 5 tiles? 2~
l = inche
n Iy N
the
: .. ‘-'} & AT f“
2. Find the perimeter of a row of 10 tiles, . inchas §.

Explain how you figured it out. w
T contn wid addha Y to the pregaes sat wh‘h‘l‘ T st

iﬂ .l"o ;'JLQ,E

3, 'Write a rule or formula for finding the perimeter of a row of hexagonal oles
when you know the number of tiles in dhe row,
Letn = the number of tiles, and p = the pernimeter.

p=ttnta

N

This 15 paca st + soes ap by tH Coch Fibre,and ' L

(U hws 3 jmas Rlec Fley By by by G o7 Al firimes

4. Find the perimster of a row of 25 hexagonal dles. '
Show your work. J 34 "ﬂches

P Ucas) ¢

p- 004z
p=1e% v /

5_ The perimeter of a row of hexagonal tiles is 66 inches. & v /’
How many tiles are in the row? Sl

é_’-—_’%_h'f?— _
fu_— tp sw bRl

;.{'-H divide qu Ve
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Student B is able to see anumerical pattern, make a closed form rule, and can use that
rule to solve for any number and useitsinverse. Student B does not use algebraic
symbolsin part 3, but it would be a very easy next step given the clarity of the verbal
rule.

Student B
e e )
2 Find the perimeter of a row of 10 tiles. jg il Lji/inctms
Explain how you figured it out. ,,/

Mot T 40 wey  Jusk kecp agdingell  wadi]
T _Rech 1o hiM\ed ewd T ged LALke
A Mow  cowdd X Y x4 then add n,

3. Witz & rule or formula for finding the perimeter of a row of hexagonal tiles
when you know the number of tiles in the row.
Leta = the number of tiles, and p = the pedimeter,

ket Nou A g A0 0% YWS Yo smulALENY £/ x4
0 Ahen Yo oed con e nB05 . o 0¥l Yow ookl
2 ond Aven Yo oed Yeue Vel an QLR

Jc:’h'fl““. .\?3__ FP- uihd
4, Find the perimetar of a row of 25 bexagonal tiles.
Show your wark. \ d:{ inches

~

5, The perimeter of a row of hexagonal tiles is 66 inches,

How many tiles are in the row? 16 %,-.-!f‘;‘;
%yl
- 3 4 (o -
Ly
. _ .
EE (oY
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Many students are still relying on repeated addition or recursive relationships to solve
these problems. They need experiences to help them bridge from repetitive addition
to seeing and expressing multiplicative relationships. Student C uses atable and hard
work to solve the problem and makes no attempt at arule. Student D givesa
recursive relationship as areason in part 3.

Student C
2. Find the perimeter of 2 row of 10 tiles. 4{0’/ inches
Explain how you figured it out.
SO Nes w B woenes, ‘Eﬂ"ﬂtf‘f: e R &ma_
b, e B TR AP IUD 8 e o \Cq Xe s W R A A
e peedied W oot ek dde 03084 Tdtee o H0E

EOOEREL. Tuet e, W ood \oek Ve "siﬁx\me}ﬁ o O

3. Wne a rule or fermula for finding the perimeter of a row of xagona] tles
when you know the number of tiles in the row.
Est # = the number of dles, and p = the perimeter.

| l.-"rl ,"I }."

I : s

N /
4. Find the perimeter of a row of 25 hexagonal tiles. i*’
Show your work. inches
5. Thepenmewrufamwnfhexagnna]ulesmﬁﬁmch&q (
How many tiles are in the row? Ve Hles

I wveed e dort coe,
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Student D

- 1/./
2. Find the perimeter of a row of 10 tiles. A ¥ inches
Explain twew you fgured it out.
1=  9=-t0  Rciy HSiS 580 (o-dp TePo £T34 A= jo=HY ‘/’/

esdn  bime g_hm%an__i.:_m:é Y indnes  oon pdded

3. Write a tule or formula for finding the perimeter of a row of hexagonal ules
when you know the number of tiles in the row.
Let a = the mmmber of tiles, @d 7 = the perimeter.

EWaen  n bihe e oMM Tre oeacunk o ndng a-lu:m:lq

nCiTaney I'D:.!.J H ;l.‘__ 3{" {

vvevy o v

4. Find tihe perimeter of a row of 25 hexagonal tiles, l// _
Show your work. : 10a inches

SAmh 2R 25 UV 5-Ad GrAb Tr3o BE3H -y
el Y250 1heaw WM SE 15 ST (ool
M=% A2="0 AL7% Alcdy RS=ipg

= N
VImTe M 1978 Ao =84/
kL

5. The petimeter of a row of hexagonal tiles is 66 inches. /

How many tles are in the row? . 17 h xagpos
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Other students have not bridged from drawing and counting strategies to repeated
addition or thinking multiplicatively. Thisisnot only cumbersome, but can lead to
many errors. See the work of Student E, question 4.

Student E

2. Find the perimeter of a row of 10Hiles.
Explain bow youo figured it out.

. P
.
‘3. Write a rule or formula for finding the petimeter of a row of hexagonal 1iles
when you know the number ef tiles in the row.
Let n = the manber of tiles, angd p = the perimeter.
Eyry time d {iiale: 2 4mdv‘-’5
v Yoyd 1 2
4. Find the perimeter of a row of 25 hexagonal Gles. 102 L
Show your work. el
L3
t22
10 7
5. ‘The perimeter of a tow of hexagonai tiles is 66 inches. [ 5’ Ax
Haw many tiles are in the row?
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Students at this grade level need to understand the difference between a constant and a
variable term. Students who have had experiences with patterns and functions should
be aware that unless the relationship is proportional, you can’t add 2 parts together
without considering change in the constant. In part 5, the student cal culated the
amount of border for ten tiles twice, but does not consider the constant is added twice.
Students need to understand the difference between linear functions with constants
and proportional functions.

2. Find the penimeter of a row of 10 tiles. HZ v inches
Explain how you figueed it out.

W i T sugstyacied o AVOM WY 2 -vafPe ofAC NP S0

Aty g e ;ded“/é/ B s 1D lnih 15 18 Q X 1‘0"45 4

3. Write a rule or formula for finding the perimeter of a row of hexagonal tiles
when you know the rumber of tiles in the row.
Let 1 = the number of tiles, and p = the perimeter.

Yo 40 4o 5 S ovd, A

4, Find the perimeier of a row of 25 hexagenal tiles.

Show your work. o 3;: inches

10 TUEIReL . ﬂ%

20 Wespgha. &9 24 (

25 VTSP oy e A (
¥ ox4=20 WY |

S, The porimeter of a row of hexagenal tiles is 66 inches. 7).__
How many tiles are in the row? |6_ Y4 i
o e AR Y26
bolfes V= 2
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Many students see that a hexagon has 6 sides and miss the idea that when the sides of
the hexagons are joined two of the sides disappear. Student G misses that the pattern
increases by 4. In part 4, the student tries to multiply 25 times 6.

Student G

. Vo r’
2. Find the perimeter of a row of 10 tiles. qz L inches :
Explain how you figured it cut. '

h‘emfimﬁm 1o 4 poiees Fogonl oby A tmﬁ@u‘m‘:
Seceling by 41Q fies (aich (AT wpime of RIS It @k:mgt
2o o ok __OERNR. .

3. Write a rule or formula for finding the perimeter of a row of hexagonal tiles
when you know the number of tiles in the row.
Let r = the number of tiles, and p = the penmeter.

i
e 7Y recas B G wWeReShg Oy -4 Sl {
W
FAN
4. Find the perimeter of a row of 25 hexagonal tiks. ' X
Show your work. inches c
e 28y 50 WD A%
O
<
5. The gerimeter of 2 row of hexagonal tiles is 66 inches, Xx p
How many tiles are in the row? : . L
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Student H doesn’t verify the answers given in the table and misses the fact that the
pattern isincreasing by 4 instead of 6. This makes all further work incorrect.

Student H
N v "
'b.*'f e L S
3 tides
T=1 =
- sl - ':ﬂ‘ - m
4 tiles
¥
Maria begins i0 make a table to show her results.
WNumber of dbes in 2 row Perimeter In inches
1 - f )
2 10 L
3 15 Xy
4 2l X F
1. Fill in the emply spaces in Manja's table of resolts. {5{1){» -
What will be the perimeter of 5 tiles? inc
Teacher Notes:
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Grade 7 — Hexagons

Hexagons
Mean: 5.60, S.D.: 3.15
2500 -~
2000 - ]
& 1500 - ]
c
(4] I
>
g
g 1000 -
500 - H
0 ]
0 1 2 3 4 5 6 7 8 9 10
OFrequency | 964 240 743 1834 | 817 1260 | 895 842 | 1539 | 531 2050
Score
Score: 0 1 2 3 4 5 6 7 8 9 10
% <= 8.2% [10.3%| 16.6% | 32.3% |39.2%| 50.0% |57.6%| 64.8% | 78.0% [82.5%|100.0%
% > = 100.0%(91.8% | 89.7% | 83.4% |67.7%| 60.8% |50.0%| 42.4% | 35.2% (42.4%| 17.5%

The maximum score available on this task is 10 points.
The cut score for alevel 3 responseis 6 points.

Most students (about 92%) could look at a geometric pattern and continue it on a
table. About half the students could extend the pattern in a table and slightly beyond
the numbersin the table and find the perimeter for arow of 66 tiles.(score of 6 or
above). Almost 18% of the students could meet al the demands of the task including
writing arule for extending the pattern in words or algebraic notation. 8% of the
students scored no points on this task.
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Hexagons

Points Under standings Misunder standings
0 Most students with this score Students could not add accurately or
attempted the problem. thought the pattern was increasing by 5
or 6 instead of 4.
2 Students could correctly extend Students made addition errorsin
the pattern in the table. extending the pattern beyond the table.
4 Students could do al of part one | Many students at this level were using
and either get the answer for 10 adrawing or counting strategy or used
tiles or describe a procedure for repeated addition which makes errors
finding the perimeter of 10tiles, | likely asthe pattern gets larger. In part
but not both. 4 almost 10% of the students were
trying to multiply by 5 or 6. They had
not noticed that the hexagon pattern
was growing by 4's. 18% still relied
on drawing a picture. About 20%
continued the table or used repeated
addition. Another 10% do not
understand the role of the constant in
thistype of function and tried to add
quantities within the table like 10 tiles
=42, so 20 tileswould equal a
perimeter of 84.
6 Students can extend a patternin a
table and beyond and find number
of tiles to make a perimeter of 66.
7 Students could extend a pattern Students could not writearule. The
up to 10 tilesand 25 tiles. procedures were recursive such as
adding four every time. About 19% of
the students wrote rules of plus 4. They
did not see arelationship between the
independent and dependent variables.
They also could not work backwards
from the perimeter to the number of
tiles.
8 Students could extend a pattern They are still not noticing the
and use inverse relationshipsto relationship between the independent
go from perimeter to number of and dependent variables. They are still
tiles. thinking in recursive modes.
10 Students could extend a pattern
and use inverse relationships.
They could write arule or
formulato express finding any
number in the pattern. About 20%
of the students could use algebra
to solve for part 5.

Seventh Grade — 2003
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Based on teacher observations, thisiswhat seventh graders seemed to know and be
ableto do:
* Find ageometric pattern and extend it using atable.
» Extend a geometric pattern beyond the table using drawing or repeated
addition.
Areas of difficulties for seventh graders, seventh grade students struggled with:
* Bridging from drawing, extending tables, and repeated addition to using
multiplicative relationships
»  Seeing the connections between independent and dependent variables to write
rules or formulas, instead of writing recursive relationships
* Understanding the role of constants in functions to know that unless the
relationship is a proportion different numbers in the table cannot be added to
find further numbers in the pattern without considering the change in the
constant
* Using inverse relationships or algebrato work from the perimeter (dependent
variable) to the number of tiles (independent variable)
Questionsfor Reflection on Hexagons:
* How many of your students were able to write a correct algebraic formulain
part 3? How many gave arecursive relationship of adding 4? How many
were not willing to attempt part 3?
* Inpart 4, how many of your students used the following strategies:

Formula | 42+42or Extenda | Draw a | Repeated | Multiply | Multiply
4n+2 or combine table picture addition |by6or5 | by4
equivalent | values
from table

* What types of problems with patterns have your students worked on this
year?

* What types of questions do you asked that will help to connect repeated
addition with the operation of multiplication?

» What types of proof or justification do you have students give that might
help them realize that numbersin atable can’t always be added together?

» Do you ask them questions about what is staying the same and what is
changing? These types of questions often help students get a better
understanding of the relationship between the variables.

» Can your students see the connection between the geometric representation
and the algebraic function?

Teacher Notes:
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Implicationsfor Instruction:

When students ook at pattern problems, it is helpful to visualize what is changing and
what is staying the same. Asthey progress through the grades this information could
be used to help them write arule or formula. At this grade level, they should no
longer rely on drawing pictures or doing repeated addition to find the solutions to
complex problems. They should develop the ability to see and use multiplicative
relationships. Students also need experience working backward with patterns to
knowing the dependent variable and using it to find the independent variable.
Students at this grade level should be proficient at solving a variety of questions about
growing patterns.

Teacher Notes:
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Performance Assessment Task

Hexagons
Grade 7 task aligns in part to CCSSM HS Algebra

The task challenges a student to demonstrate understanding of the concepts of relations and
functions. A student must be able to analyze mathematical situations, including growing geometric
patterns, and use models to solve problems involving quantity and change. A student must be able to
represent, analyze, and generalize a variety of functions including linear relationships from growing
geometric patterns. A student must determine and express mathematical relationships using
expressions and equations to determine the perimeter of a specified length in the growing geometric
pattern. A student must make sense of different representations and be able to use symbolic algebra
to represent these representations and situations in a functional rule. A student must be able flexibly
use inverse operations or the strategy of working backwards to determine a specific solution.

Common Core State Standards Math - Content Standards

High School - Algebra - Reasoning with Equations and Inequalities
Understand solving equations as a process of reasoning and explain the reasoning.

A-REI.1 Explain each step in solving a simple equation as following from the equality of numbers
asserted at the previous step, starting from the assumption that the original equation has a solution.
Construct a viable argument to justify a solution method.

A-REL2 Solve simple rational and radical equations in one variable, and give examples showing how
extraneous solutions may arise.

Solve equations and inequalities in one variable.
A-REL3. Solve linear equations and inequalities in one variable, including equations with coefficients
represented by letters.

Common Core State Standards Math - Standards of Mathematical Practice

MP. 2 Reason abstractly and quantitatively.

Mathematically proficient students make sense of quantities and their relationships in problem
situations. They bring two complementary abilities to bear on problems involving quantitative
relationships: the ability to decontextualize—to abstract a given situation and represent it
symbolically and manipulate the representing symbols as if they have a life of their own, without
necessarily attending to their referents—and the ability to contextualize, to pause as needed during
the manipulation process in order to probe into the referents for the symbols involved. Quantitative
reasoning entails habits of creating a coherent representation of the problem at hand; considering
the units involved; attending to the meaning of quantities, not just how to compute them; and
knowing and flexibly using different properties of operations and objects.

MP.4 Model with mathematics.

Mathematically proficient students can apply the mathematics they know to solve problems arising
in everyday life, society, and the workplace. In early grades, this might be as simple as writing an
addition equation to describe a situation. In middle grades, a student might apply proportional
reasoning to plan a school event or analyze a problem in the community. By high school, a student
might use geometry to solve a design problem or use a function to describe how one quantity of
interest depends on another. Mathematically proficient students who can apply what they know are
comfortable making assumptions and approximations to simplify a complicated situation, realizing
that these may need revision later. They are able to identify important quantities in a practical
situation and map their relationships using such tools as diagrams, two-way tables, graphs,
flowcharts and formulas. They can analyze those relationships mathematically to draw conclusions.
They routinely interpret their mathematical results in the context of the situation and reflect on
whether the results make sense, possibly improving the model if it has not served its purpose.

Assessment Results

This task was developed by the Mathematics Assessment Resource Service and administered as part
of a national, normed math assessment. For comparison purposes, teachers may be interested in the
results of the national assessment, including the total points possible for the task, the number of core
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points, and the percent of students that scored at standard on the task. Related materials, including
the scoring rubric, student work, and discussions of student understandings and misconceptions on
the task, are included in the task packet.

Grade Level

Year

Total Points

Core Points

% At Standard

Grade 7

2003

10

6

50 %
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