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Constructed Response Assessment

One Rocket, Three Equations Task

For his science project, Grady designs and launches a model rocket from the rooftop of an empty
building. He places a sensor on the rocket to provide him with data about the height (from ground level,
in feet) of the rocket over time (from the time of the launch, in seconds).

From the data returned by the sensor, Grady was able to write and graph a function modeling the
height of the rocket over time.

H(t) = —16t2 + 96t +112

a. Rewrite the function in vertex form.

Y

b. Describe what the vertex form of the function reveals in the context of the rocket situation.

Y
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C.

d.

Constructed Response Assessment

Rewrite the function by factoring completely.

s,

Describe what the factored form of the function reveals in the context of the rocket situation.

s,
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Scoring Guide
The CCSS for Mathematical Content (4 points)

A-SSE.B.3(w)  Writes the function H(t) = -16(t - 3)> + 256 or an equivalent function in
vertex form.
(1 Point)

A-SSE.B.3(x) Indicates that this form reveals the maximum height.
(1 Point)

A-SSE.B.3(y) Writes the function H(t) =-16(t — 7)(t + 1) or an equivalent function in
completely factored form.
(1 Point)

A-SSE.B.3(z) Indicates that this form reveals the time when height of the rocket is O or
when the rocket is on the ground.

(1 Point)

The CCSS for Mathematical Practice (2 points)

MP6 Manipulates symbols accurately and uses mathematical language precisely.
(1 Point)
(MP6: Attend to precision.)

MP7 Recognizes and makes use of the structure of completing the square or h = —2£ to
a

rewrite the equation in vertex form.
(1 Point)
(MP7: Look for and make use of structure.)

TOTAL POINTS: 6
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The CCSS for Mathematical Content Addressed In This Task

Seeing Structure in Expressions A-SSE

Write expressions in equivalent forms to solve problems.

A-SSE.B.3 Choose and produce an equivalent form of an expression to reveal and explain properties of the
guantity represented by the expression.

The CCSS for Mathematical Practice*

6. Attend to precision.

7. Look for and make use of structure.

* Gray type indicates Mathematical Practices not addressed in this assessment.

Page 4 of 44




Secure Material: Do Not Copy!

A-1a

One Rocket, Three Equations Task

. For hls science project, Grady deSI ns and Iaunches a model rocket from the rooftap of an empty
. building. He places a sensor on theﬁrocket to prowde him with data about the height (from ground
: '!evel in feet) of the rocket over time (from the. time of the launch, in seconds). -

From the data returned by the sensor, Grady was able to write and graph a function modeling the
_helght of the rocket over time. 2

H(t)= —161 +96t +112
a. - Rewrite the function in vertex'fbrﬁ.
N &\/:*‘/6%"‘+°{5{+uz R
=16 (£F- pt)
=16 (%6t +9) + 254
i 16 (¢ _ 3)2”-—%2.5‘( )

Litho#: 0078
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A-1b

Describe what the vertex form of the function réveals in the context of the rocket situation. -

| The Ve_:r{:'BJc form , y= -—:6 (t-3) +256 , |
_61\1&5‘ "L’he"{_'-_,,"’éffme'ua = hen, ithe. --;-frocke_-é mﬁchg'- .
s highest - altitdde . E"o"”"’/“? ’H’lé; anction el |
| cAan bbsuerv_e._ theit -él_ne__ Tockeﬁ . H‘S h;@‘he g.t S

.. Rewrite the function by factoring completely.

=66+ -7)

=t 74 1)

= ‘"16 [Ct%e> - é?fﬂ)] o
= -1 [—é(—éﬂ) 7t )]__

= "MC‘:E 7)(-6-H)

Litho#: 0078
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A-1c

d. Deécribe what the factored form of the function reveals in the cbntext of the rocket sitda’ﬁon.

) & /A? "fadareoo form, \/ —%GCZ"*UC%H) @we,s
the veal zevoes of the funclion. In avsthey
;:Word the —élﬁyé wh.em the rocke{ reach —éhe,
"'QYOWLJ In %hms case, “the zeres ove’ < an C,

. _-‘I_ 5:/).46 'Hie Sefana/ can no# be_—l, 7 secona'

e -qu Fre-FerreJ Sd[u'l‘/m” n -H’HS Sf‘f“&l'{/dﬂ

Litho#: 0078
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Anchor 1 Litho 0078

Total Content Points: 4 (A-SSE.B.3(w), A-SSE.B.3(x), A-SSE.B.3(y),
A-SSE.B.3(2))

Total Practice Points: 2 (MP6, MP7)

The student correctly writes the function in vertex form (£1&Y + 256)

(A-SSE.B.3(w)). The student correctly explains that vertex form reveals the maximum
height (“when the rocket reaches its highest altitude”) (A-SSE.B.3(x)). The student
correctly factors the function (-16{ 7)t + 1)) (A-SSE.B.3(y)) and correctly explains

that this forms reveals “the time when the rocket reach the ground” (A-SSE.B.3(z)). The
student manipulates symbols accurately and uses precise mathematical language (MP6).
The student recognizes and makes use of the structure of completing the square to find
the vertex form (MP7).

Total Awarded Points: 6 out of 6
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Secure Material: Do Not Copy!

A-2a

One Roc“k'ét Three Equations Task L

o .
For his science prOJect Grady deSIgns and laungzhes a model rocket from the rooftop of an empty
building. He places a sensor on the rocket to provide him with data about the helght (from ground
level, in feet) of the rocket over time (from the time of the launch, in seconds)

From the data returned by the sensor, Grady was able to write and graph a functlon modeling the
height of the rocket over time.

H(t) =—161‘2 +96t+1 12

a. Rewnte the function in vertex form. -

\)5’)‘ %! Glfzt + 12
AlL= %1 A
Yy 1916 X(X"é

Litho#: 0069
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A-2b

b. Describe what the vertex._form of the fﬁnction reveals in the context of the r_ocket_.situatioﬁ.
& l’r S\I\o \,Js. —\%(, 90\(\% LJ\'\% {lnc/ mckcjrgjraf;s "asﬁe'n__/)lmg a/v{

| Starks decandiag, T+ gues ¢ highest panihe |
rock g it b  skacked o )]

T Rewrite _the f@ncﬁon by fa_c_:_;ori.ng completely.
& y= - 1ox* 400 x4 |10
- Qe
Y2Ab(upx27)

y=A60D(x-7)

Litho#: 0069
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A-2c¢

d. Dé#éi_‘ibe what the factored form of the function reveals in the context of the rocket situation. -

s 34 shous he point whue it T %@rmd',mof i+
&%w the ot where it it Hhe Gooutd

Litho#: 0069
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Total Content Points: 3 (A-SSE.B.3(x), A-SSE.B.3(y), A-SSE.B.3(2))
Total Practice Points: 1 (MP6)

The student does not correctly write the function in vertex form in Part A (no credit

for A-SSE.B.3(w)). However, the student correctly explains that vertex form reveals the
maximum height (“gives the highest point the rocket went”) (A-SSE.B.3(x)). In Part C,

the function is correctly factored (—¥6¢ 1)(x — 7) (A-SSE.B.3(y)). The student correctly
explains that the factored form “shows where the rocket hit the ground” (A-SSE.B.3(2)).
The student manipulates symbols accurately and uses precise mathematical language
(MP6). The student does not show recognition that the structure of completing the square

or of h= —23 can be used to find the vertex form (no credit for MP7).
a

Total Awarded Points: 4 out of 6
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Secure Material: Do Not Copy!

A-3a

One Rocket, Threé Equations Task

For his science prOJect Grady desngns and. launches a model rocket from the rooftop of an empty
building. He places a sensor on the rocket to provxde him with data about the he[ght (from ground.
level, in feet) of the rocket over time (from the time of the launch, in seconds)

* From the data returned by the sensor, Grady was ab!e to write and graph a funct[on modehng the - .
height of the rocket over time, : :

H(t)=-16t% + 96t +112

' a Rewiite the function in vertex form.

el 425

Litho#: 0091
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A-3b

b. Describe what the-_vertex form.of the funcﬁc__:n reveals in the context of the rocket situation. :_

& ;’/hf vt Sy ocked
;/,,{Z,{; ffa/b’ R Sact 76‘/’7

c. ~ Rewrite the function by factoring completely.

| et (43) 4256
it 7:/% /th)%zd/o_

Litho#: 0091
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A-3c

d. Describe what the factored form of the function reveals in the context of the rocket sntuatlon

& 7%/44

_,,/1 4 a;/

ua/# 237 ﬁ;@)
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Anchor 3 Litho 0091
Total Content Points: 2 (A-SSE.B.3(w), A-SSE.B.3(x))
Total Practice Points: O

The function in vertex form in Part A is correctly written (A-SSE.B.3(w)). The student
correctly explains in Part B that vertex form reveals the maximum height (“the point were
the rocket stops and goes back down”) (A-SSE.B.3(x)). The student does not correctly
factor the function in Part C (no credit for A-SSE.B.3(y)). In Part D, the student does not
correctly explain what the factored form reveals (no credit for A-SSE.B.3(z)). The

student does not manipulate the equation correctly in Part C, subtracting the factor of —16
and expandingx(— 3 incorrectly (no credit for MP6). The student does not show any

work in Part A, providing no evidence that indicates a recognition that the structure of

either completing the square or of:h—z£ can be used to find the vertex form (no credit

a
for MP7).

Total Awarded Points: 2 out of 6
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Secure Material: Do Not Copy!

A-4a

- One Rocket, Three Equations Task

For his science prOJect Grady des:gns and Iaunches a model rocket,from the rooftop of an empty
‘building. He places a sensor on‘the rocket to provnde him with data about the he:ght {from ground
level, in feet) of the rocket over time (from the time of the launch, in seconds).

From the data returned by the sensor, Grady was ab[e to ;Nﬂtetand graph a functlon modeling the

=’ g, he[ght ofthe rocket overtlme

e H(t)——16t2+96t+112

oA Rewrite the functlon in vertex form

.&

e i‘;’i‘_‘ﬂ@b :
(OLX :S\ %_&5\0 ﬂe‘:\—%

O N
| \IM)fU\ = \3:9‘9‘)\

Litho#: 0088
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A-4b

b.  'Describe what the vertex form of the function reveals in the context of the rocket situation.

[ b (x- 3\'*-\—:25@

s &f\owmg Fhak L\rﬁm
2 m\\(\\/%ﬂ Hr VAR W\Ewg\(\
&% VY\Q)«(,‘QS

c. Rewrite the functtbn by factormg completely. - -
1 Ao :t}% A \o'\‘ T\
[ T e T

Litho#: 0088
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A-4c

& Ty mws Jr\nOPr Mﬂm
“anal M\gm Moy e d\mm
U\C\m «hmﬂ - |

Litho#: 0088
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Anchor 4 Litho 0088
Total Content Points: 1 (A-SSE.B.3(w))
Total Practice Points: 1 (MP7)

The student correctly writes the function in vertex form in Part A (A-SSE.B.3(w)). In

Part B, the student does not explain that vertex form reveals the maximum height

(no credit for A-SSE.B.3(x)). The function is not correctly written in factored form in

Part C (no credit for A-SSE.B.3(y)). In Part D, the student does not correctly explain
what the factored form reveals (no credit for A-SSE.B.3(z)). The student does not include
the left side of the function or the equal sign in Pati@®) (= ) and does not manipulate

the equation correctly, dropping the negative 16 while factoring, which demonstrates a
lack of precision (no credit for MP6). The student recognizes and makes use of the

structure of h= —23 to find the vertex form of the equation (MP7).
a

Total Awarded Points: 2 out of 6
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Secure Material: Do Not Copy!

A-5a

'_One Rocket, Three E'_quétions Task
For his science projedt Grady designs and launches a model rocket from the rooftop of an empty

- building. He places a sensor on the rocket to prowde him with data about the height (from ground
level, in feet) of the rocket over time (from the time of the launch, in seconds).

"~ From the data retumed by the sensor, Grady was able to write and graph a functron modeling the
height of the rocket over tame

.H'(i) e S

a. Rewrite the function in vertex form.
g
(2 950) |

Litho#: 0062
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A-5b

b. Describe what the vertex form of the function reveals in the context of the rocket situation.

Pﬂmb()l@

29 249 .60 ZOlgoz_ 3'.03

C. Rewrite the function by factoring completely.

. h e upc A0 +iz
m-a—-t\o(t -1 t*-*)

Litho#: 0062
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A-5c¢

code 'Descri_be':_'v_\}hat the factored form of the'fun.ct_'i_o_n reveals in the context of t'he"rockét situation.

s
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Anchor 5 Litho 0062
Total Content Points: 2 (A-SSE.B.3(x), A-SSE.B.3(y))
Total Practice Points: O

The student does not write the function in vertex form in Part A (no credit

for A-SSE.B.3(w)). However, the student shows a visual representation indicating that
vertex form reveals the maximum height in Part B (A-SSE.B.3(x)). The function is
written in correctly factored form in Part C (-16(7)¢ + 1)) (A-SSE.B.3(y)). The

student does not attempt to explain what this form reveals (no credit for A-SSE.B.3(z)).
The student incorrectly notates the function in Part C and forgets the variable t

(ht = —16% + 96 + 112) (no credit for MP6). The student does not show recognition that

the structure of completing the square or of hz£ can be used to find the vertex form
a

(no credit for MP7).

Total Awarded Points: 2 out of 6
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Secure Material: Do Not Copy!

A-6a

One R'qckef, Three Equations Task o

For his sciéﬁdé project, Grady designs and launches a model rocket from the rooftop of an empty
- building. He places a sensor on the rocket to,provide him with data about thgﬁéight (from ground
level, in feet) of the focket over time (from ih_e_ time of the launch, in sécon_d_s)_.. ; :

. K ) ‘ 4 , - : ,‘, . o ‘ . ‘_:: 5 g { N '. - o,
From the data retumed by the sensor, Grady was able to write and graph a function modeling the
height of the rocket over time. R

. P o
o Dafe W00

H() =162 +96t +112

a, Rewﬁfe the function in vertex form.

[ y= (h=1Xq+T)"

Litho#: 0040
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A-6b

d o b.  Describe what the Ve'rtex'form of the function revé’alé_in thé context of the rocket sitUéiion. |

ﬁx‘ﬁne V@(*re/x Yolrm revegss The -
POINTS W which M@ rooker \aunched |
ona wv\m it Fell, | |

c. Rewrite the function by factoring completely. -

P H(t) -Jt? taut T2
| S AR LUt 128

o EPruv T
—-q(tﬂ)(t 7)

Litho#: 0040
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A-6c¢C

Cod Describe what the factored form of the functlon reveals in the context of the rocket situation.

&T‘ne Fa.ctoved \Form m\rea\g
the hme when the vocket
| \mndf\ea\ nd wihen 1§ \anded.

Litho#: 0040
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Anchor 6 Litho 0040
Total Content Points: 1 (A-SSE.B.3(2))
Total Practice Points: O

The function is not correctly written in vertex form in Part A (no credit

for A-SSE.B.3(w)). The student does not explain that vertex form reveals the maximum
height in Part B (no credit for A-SSE.B.3(x)). The function is not correctly written in
factored form in Part C (no credit for A-SSE.B.3(y)). However, the explanation given
correctly indicates that the factored form shows “when it [the rocket] landed”
(A-SSE.B.3(z)). The student does not manipulate the equation correctly in Part C, losing
a factor of 4 when factoring the function, which demonstrates a lack of precision

(no credit for MP6). The student does not show recognition that the structure of

completing the square or of:h—2£ can be used to rewrite the equation in vertex form
a

(no credit for MP7).

Total Awarded Points: 1 out of 6
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Secure Material: Do Not Copy!

A-Ta

- One Rocket, Three Equations Task

For his science project, Grady designs and launches a model rocket from the rooftop of a.n empty
. building. He places a sensor on the rocket to provide him with data about the height (from ground
level, in feet) of the rocket over time (from the tlme of the Iaunch |n seconds)

From the data retumed by the sensor, Grady was able to write and graph a function modehng the
height of the rocket over time.

H(t) =162 +96t+112

a. Rewrite the function in vertex form.
& Tz =V
Z{-le) -
Litho#: 0023
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A-T7b

b. Describe-whétthe vertex form of the functic'afu_ reveals in the context of the réckét situation. -
& The Wy veals Lanece e Yocked was 4
hiynest | B
C. Rewrite the function by factorin_g completely.

o (R ez
S (X+ 2 > (X,_i 5w>

Litho#: 0023
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A-Tc¢

d. - Describe what the factored form df the functioh reveals'in'the context of ihé rocket situation. -

& whre on &%rck()\n b mou\d
c'xaas +hf, X é\x:s '

Litho#: 0023
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Anchor 7 Litho 0023
Total Content Points: 1 (A-SSE.B.3(x))
Total Practice Points: O

The function is not correctly written in vertex form in Part A (no credit

for A-SSE.B.3(w)). However, the student does correctly explain what vertex form reveals
in Part B (“where the rocket was the highest”) (A-SSE.B.3(x)). In Part C, the student
does not write the function in correctly factored form (no credit for A-SSE.B.3(y)). While
the student correctly explains in Part D that factored form shows where the graph of a
function would cross the-axis, there is not an explanation of what the form reveals in

the context of the rocket situation (no credit for A-SSE.B.3(z)). In Part C the student
factors incorrectly and changes the variable framX demonstrating a lack of precision

(no credit for MP6). The student does not show recognition that the structure of

completing the square or 01’=h—£ can be used to rewrite the equation in vertex form

2a
(no credit for MP7).

Total Awarded Points: 1 out of 6
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Secure Material: Do Not Copy!

A-8a

" One Rockét; Three Equations Task

_For his science project, Grady designs and launches a model rocket from the rooftop of an empty
building. He places a sensor on the rocket to provide him with data’ about the helght (from ground
level, in feet) of the rocket over time (from the time of the launch, in seconds).

From the data returned by the sensaor, Grady was able to wnte and graph a function modelmg the _
height of the rocket over fime. : _

H(i):'—16t2+96t+112

a. Rewrite the function in vertex form.

™ =lbenn =-1187

(__ \(o'e": 4 \\Z.;i{\w Ve -b-+\ )

Litho#: 0032
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A-8b

b.  Describe what the've'rté_x form of the function revéa_ls in the context of the rocket situation.
' - ' PRy
1 J{_ _ “&;\fmwi %UUAJ V‘V‘I\ULC.LW ..1?":’T:~:=’Z§f \
~ [ rodat Saingd /
s ‘ﬁ”"’“‘" v-.'..:;. Lo V_ v & - : - -~ |
T ' S e
T e diny by pp st g m e e Te R .
c. Rewrite the fun_ctibn by féctoring completely.

Litho#: 0032
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A-8c¢

- ﬁescribe what the factored form of the function ;r_e_yeals in the context o_f_ﬂthe rocket situation, - .

&‘ | Shqwi |

how--_;-__m.u.ah AV

‘ PUE T g PR S
o 3 **‘:’*"‘Jéé,'tu*-.r.a. { Ca T4 1

s LR "aae

! I

ﬂ"xﬁ.‘f ' C)ij;ue.’f' j‘w'}-:’"'{'

Litho#: 0032
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Anchor 8 Litho 0032
Total Content Points: 1 (A-SSE.B.3(y))
Total Practice Points: O

The function is not correctly written in vertex form in Part A (no credit

for A-SSE.B.3(w)). In Part B, the student does not explain that vertex form reveals the
maximum height (no credit for A-SSE.B.3(x)). While not completely factored, the

function in Part C is correctly factored enough to allow ti@ercepts to be determined
(A-SSE.B.3(y)). However, in Part D the student does not correctly explain what the
factored form reveals (no credit for A-SSE.B.3(z)). The student uses imprecise
mathematical language in the explanation in Part D (“how much curve in speed-time ratio
that the rocket had”) and does not include the left side of the function or the equal sign in
Part C H(t) =) (no credit for MP6). The student does not show recognition that the

structure of completing the square or of h;b— can be used to rewrite the equation in
a

vertex form (no credit for MP7).

Total Awarded Points: 1 out of 6
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Secure Material: Do Not Copy!

A-9a

One Rocket, Three Equations Task
For his. scrence project, Grady desngns and launches a model rocket from the rooftop of an.empty

building. He places a sensor on the rocket to prowde h|m with data about the height (from ground
level, in feet) of the rocket over time (from the time of the launch, in seconds)

From the data returned by the sensor Grady was able to wrrte and graph a functron modelmg the
helght of the rocket over t|me S - : ;

H(t) = ~16¢% + 96t +112

. a Rewrite the function in verfex fo__rm.

ﬂ\l_r(% TS
: % =\ -——qw*‘ ic

><---—\ ¥

Litho#: 0037
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A-9b

& T Bnu N er (oom
Y\\Jr \f(% pOer o

R Rewiite the function. by factorihg completely; -

& f
O\W\ (%"”’ U\L—\Lo)C\\fa)
. ek\u) :
""C\LO‘}'

o ."5’; |

Litho#: 0037
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A-9c¢

d. Descnbe what the factored form of the functlon reveals in the context of the rocket sﬁuatuon ;

& ?&Q&ﬁxec& 5&»( %m% pO\WrS
lf(\gév *?\\& Wl po&g

Litho#: 0037
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Total Content Points: O
Total Practice Points: O

In Part A, the function is not correctly written in vertex form (no credit

for A-SSE.B.3(w)). The student does not explain that vertex form reveals the maximum
height in Part B (no credit for A-SSE.B.3(x)). In Part C, the function is not written in
correctly factored form (no credit for A-SSE.B.3(y)). The student does not correctly
explain what the factored form reveals in Part D (no credit for A-SSE.B.3(z)). The
student uses the quadratic formula in Part C, but does not includeathe —4

(-4(-16)(112)) under the radical, and uses imprecise mathematical language in
explanations in Parts B and D (no credit for MP6). The student does not show recognition

that the structure of completing the square or 1;»Hf12R can be used to rewrite the
a

equation in vertex form (no credit for MP7).

Total Awarded Points: O out of 6
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A-10a

One Rocket Three Equatlons Task

For his sc1ence pro;ect Grady deSIgns and launches a modeI rocket from the rooftop of an empty
building. He places a sensor on the rocket to provide him with data about the height {from ground
. level, in feet) of the rocket over time (from the tlme of the launch, in seconds)

" From the data returned by the sensor, Grady was able to wnte and graph a function modelmg the
height of the rocket over time. :

: H(t) = —16t2 +961 +112

a. Rewrite the function in vertex form.

S

HUH = erryqur 4112
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A-10b

Describe what the vertex form of the-function reveals in the context of the rocket situation.

[oCket,

O\ T+ reveals the deinht of the

Rewrite thé function by factoring completely.

LNy
FRVAL A
@y 9410
.f:\ 1 r'*.‘

YE e O oy
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A-10c

d. Describe what the factored form of the functlon reveals in the context of the rocket S|tuat|on

& I+ Ief/em _%»‘e A@{;H oF Me_
/GLK?.‘J! 25 %;me
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Total Content Points: O
Total Practice Points: O

The function is not correctly written in vertex form in Part A (no credit

for A-SSE.B.3(w)). In Part B, the student does not correctly explain that vertex form
reveals the maximum height (no credit for A-SSE.B.3(x)). The student does not write the
function in correctly factored form in Part C, instead factoring the coefficients and the
constant into prime numbers (no credit for A-SSE.B.3(y)). In Part D, the student does not
correctly explain what the factored form reveals (no credit for A-SSE.B.3(z)). The
student copies the given function in Part A and overall shows insufficient work to
demonstrate precision (no credit for MP6). The student does not show recognition that

the structure of completing the square or gfhz£ can be used to rewrite the equation
a

in vertex form (no credit for MP7).

Total Awarded Points: O out of 6
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