Picking Apples

This problem gives you the chance to:
« work out costs from given rules

Anna goes to pick apples.
She sees two orchards next to each other; David’s orchard and Pam’s orchard.
The signs below are at the entrance to the orchards.

DAVID'S APPLE ORCHARD PAM'S ORCHARD
Pick your own apples! DELICIOUS APPLES

) $10 entry fee
First 10 pounds $2 per pound

First 10 pounds $1.50 per pound

Each additional pound $1 per pound Each additional pound $0.75

Anna wants to pick 40 pounds of apples.
1. a. How much does this cost at David’s orchard?

Show your calculations.

b.  How much does it cost at Pam’s orchard?

Show your calculations.
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Chris has $30 to spend.

2. a. How many pounds of apples will he get it he goes to David’s orchard?

Explain how you figured 1t out.

b, 1f Chris goes to Pam’s orchard, how many pounds of apples will he get?

Explain how you figured it out.

3. How many pounds of apples must Chnis pick before Pam’s orchard 1s cheaper than David’s?

Show your work.
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Picking Apples Rubric
The core elements of performance required by this task are:
» work out costs from given rules
section
Based on these, credit for specific aspects of performance should be assigned as follows points | points
1. a. Gives correct answer: $50 1
Shows correct work such as: 1
10x $2 + 30 x $1
b. Gives correct answer: $47.50 1
Shows correct work such as: 1
$10 + 10 x $1.50 + 30 x $0.75 4
2. a. Gives correct answer: 20 pounds 1
Gives a correct explanation such as: 1
The first 10 pounds of apples cost $20.
The remaining $10 buys 10 pounds.
Altogether 10 + 10 = 20 pounds.
b. Gives correct answer: 167/3 pounds (accept 16) 1
Gives a correct explanation such as: 1
The entry fee is $10.
The first 10 pounds of apples cost $15.
The remaining $5 buys 6.6 (accept 6) pounds.
Altogether 10 + 6.6 = 16.6 pounds (accept 16) 4
3. Gives correct answer: more than 30 pounds (Accept 31) 1
Shows work such as:
David’s: 10x $2 +20x $1 = $40
Pam’s: $10+ 10 x $1.50 + 20 x $0.75 = $40 1
or or )
Draws a correct graph 1
Total Points 10
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Looking at Student Work on Picking Apples

Student A shows a clear understanding of the proportional relations described in “per
pound” by showing the multiplication for the different amounts of apples. The
student uses labels clearly to define what each computation represents. To solve for
part 3 the student makes an organized list to show where David’s cost is less than
Pam’s, at what point the costs are the same, and the where Pam’s becomes less
expensive.

Student A

Anna goes to pick apples. .
She sees two orchards next to each other; David’s orchard and Pam’s orchard.

The signs below are at the entrance to the orchards.

DAVID'S APPLE ORCHARD PAM'S ORCHARD
" Pick your own apples! DELICIOUS APPLES
$10 entry fee
First 10 pounds $2 per pound
First 10 pounds $1.50 per ppt_md
Each additional pound $1 per pound Each additional pound $ 0.75
;knna wants to pick 40 pounds of apples. @ .
1. a. How much does this cost at David's orchard? 3RO v / A
L Show your calculations. o’
G 40
x]z -1 20tps = §lperto. ¥ ‘50&'
20 &
g?,oyof freskioes. 30V6s teft gz
20 7
s
‘h
b. How much does it cost at Pam's orchard? gu7.50 v / \

Show your calculations.

201 teft % TP per Goon cddirnalle
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Student A, part 2
2. & How many pounds of apples will he get if he goes to David's orchard? 2 Of"’n"s ‘é !
Explain how you figured it out.
The, 'E'trs\- 1O pounos 19 H’ZD; ecowse 10lps* B2 %20, Chcigs  Haan Qmj v

hoy RO lefdy tfo Spand, owl eacin acdhoaal found Q-,&Lmym_g__ -

b. If Chris goes to Pam's orchard, how many pounds of apples will he get? i, paunds o
Explain how you figured it out.

BlO of ohiis’ cdenen 15 IPENT on g Qntrece f*_n 30, he oaly kas v \
/
320 1 spend  on Spyha Qt_mmiﬂ&_ﬁm_oi_

ro’ & Chos BD tofr o Spend, by oppled are 5%
now gl e hes bought s fese tovos, ke ovys (p frore pounds it wii
spuid gl 60 . (x T 4 50) Ad e wilt spew o htal of R24G .50

3. How many pounds of apples must Chris pick before Pam’s orchard is cheaper than David’s?

Show your work. 31 poun ds 1/:/]

ms
Dovids Pf .
les. £
b 1q las /‘/\
|19 129 20 [32.15 o 31 S
| 20 ] I—-§‘_’— R P ' o
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n [&3
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30 Mo ETIOER -
]t—l\ R yo .

Student B is able to find the break-even point, where the cost for each person is the
same. Then the student shows that at any point after 30 Ibs. Pam’s cost would be less.
Student B has that sense than apples can be bought in pounds or fractions of a pound.

Student B
3. How many pounds of apples must Chris pick before Pam’s orchard is cheaper than David’s?
Show your work. ANE i’t‘ s e bl é§

olbs= 420 Joll,s. 254 )
lS“ﬁ7 $Z5 IS $5:28.7‘5 / ~
3olks: 40 3olks- HHO o
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Student C approaches the problem from a different perspective by identifying the
cause for Pam’s initial higher costs, i.e. the entrance fee. The student then shows how
many pounds must be purchased to compensate for that initial cost.

Student C
3. Howm d is pi &
) any pounds of apples must Chris pick before Pam’s orchard is cheaper than David's?
Show your work. S} v v &
S

Y i lence (P cotrmmed
5 ,’4,, Ix ( eIl & e ¢ nwhavice teg )4
Pam mu st ke “f %?Q ‘
Fiest 16 1bs ok Ve o 4 5) 4 lhee +hax yeu save 2574 fes b, )
5 ﬂ’lr/\[f'.‘ ’Dheﬁ'j b ¥ 4 254 s 9‘} ot dlo))m*) s A : %O'f‘)@'&f..sjéj

. - o
Vul« Munst B“LX 3 s, befoce fom s 15 c)\e‘.\ae@.

\\_

Student D tries to use the organized list to find where Pam’s cost is less than David’s.
The student knows that the change occurs between 30 Ib. and 35 Ib. The student’s
logic breaks down by forgetting that he is looking for the “smallest” amount where
Pam’s is cheaper rather than any amount where Pam’s is cheaper. When looking at
the table of values for 30 Ib. and 35 Ib., the student should have jumped to 311b.

Student D
3. How many pounds of apples must Chris pick before Pam’s orchard is cheaper David’s?
Show your work. g /\ EZ\gg
25| D00 |30l J3lis \
435 [t |t ¥ / By j

v

65(AU0 [f by 75| {903
I .

' Ro+ (Lowoy+ 1935 4
Q0HAAS  JlOH6T W
Moﬁ' ¥ orprites \ =
) < 36326 20 +u
g 70425 y
‘xﬂl‘&\'w 10+ %415 c - YLk i
£ WO - W o -
m el riaqueln Page 3 Picking Apples  Test 8
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Student E and Student F don’t appear to try to narrow to the smallest amount of
apples, where picking at Pam’s is a better deal. They seem to be content with any

value that will yield the desired results.

Student E
3. How many pounds of apples must Chris pick before Pam’s orchard is cheaper than David’s?
Show your work. 244 bs. L
Sovids Pams
20 10bs. $10 entry fee ©
35 Jibs 315 -10 ibs. :
§2- 3ibs. . $2.25- 3bs.
§3- 3lbs. : $2.25 -3 s
33 - 3bs. B22 - ks.
33-3“35 E,{Z - Ib5\
47~ 3ibs. 82.25-3bs. =
B 3-3bs. $222- 3
$3-3b5. B2.25% 2ps. 8
‘ $2.65 -3ks.
jotal - 344 £ Jotal - B3
24 fbs. 24 1bs.
Student F

T~ VY ntem oW A€ g
3. How many pounds of apples must Chris pick before Pam’s orchard is cheaperoth\an%Da\!idSs? Peun dj
A

Show your work. \00 @Oh pd ¢ X
OA\,id(‘:o PO-VV‘ > e XO
108 xz o 115 M%s
—5 520 %‘\\ ¢ *’._lat_& Xt3e % ()
' : \
44 gﬁﬁ q0
qéo Yy o.72¢ .
426
e &7.s
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Many students, including almost half the students with scores of 8/10, left part 3
blank. They did not have any strategies for how to approach the problem. Student G
has managed to make the amount of money the same, but has different amounts of
apples. The key to the question is to find the point where costs are the same for the
same weight of apples.

Student G
3. How many pounds of apples must Chris pick before Pam’s orchard is cheaper than David’s? 7g
X

Show your work.

)

20 00V Canid) ¥\ lo= BTN =&
2010V os (R \(olosh B0 SBSHER =850
26 Yosk Bhees 220 87 O %

L0 Wy O Ne=B50r o6& T2 |

Student H forgets to use all the constraints: different costs for the first 10 lbs. and
entry fee. Therefore the solution is incorrect.

Student H

3. How many pounds of apples must Chris pick before Pam’s orchard is cheaper than David’s?

Show your work. 20 /bg X
\ .
-D;-—\l‘l& S ‘ <

e

4#%0.00 = 20 /éS * | x

P 3 ) -

W [

= _ g lbs -
50 = 27

$22
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Student I has difficult understanding the proportionality of $2 per pound in David’s
Orchard, making errors in both 1a and 2a in finding the costs. However the student is
able to understand and use it appropriately to find the costs of Pam’s orchard in 1b. In
part 2b, the student is on the right track for finding the number of apples Pam can buy
with $30, however the student forgets to label the + 6 as pounds of apples and adds 6
1bs. to $25 instead of 6 1b. and 10 Ibs. Many students had similar difficulty of adding
items with different labels.

Student 1
Anna wants to pick 40 pounds of apples. X O
1. . How much dees this cost at David's orchard? Fop 00 ¢
. z 5
Show your calculations. ; _ -fo O
i up \ R .25
’ LT \
@ - \Q L e S
~ =0 ff? g N ?%-e?. Ea)
4 i_.__‘_, "—‘“"”_F - i ‘QQ ga
20+ 27 ' F TRAZE 20,88 20X
b, How much doest cost at Pam's orchard? f#t U756 o / \
Show your calculations. Lo s |: 2 00
- Ke) e 800 \/
@Ja 'I}:\% . f\% e ‘(g_ 5 P T2EC J*\
o TE S0 .
Zﬁg Ho, oO \\o 5 .—O? Lo
Sl A N Ea's T 20
—— . Vo~ e
Bhos. oo U W
B HB0
g 70, 8
SO S Panm ? . Fickina ADDi
_ Chris has $30 to spend. ] X O
2. a How thany pounds of apples will he get if he goes to David's orchard? _ 23 puncks, X
Explain how you figured it out.

The ficst 10 Fourets 60 duoe dolleve, =0 8l Hou e

1o dom 29 - 107281728 + He Fuwo Aolae foc e XK

{i=d 1o Tenads 2R 42 2# 209 Simon an He Siesd pay
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b. If Chris gocs to Pam's orchard, how many pounds of apples will he get? 3] bauncka X
Explain bow you figured it out. \/
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Student J also has trouble with the dimensionality of the numbers. The student adds

10 Ibs. and $20 to get 30 Ibs. in 2a.

Student J
Chris has $30 to spend.

2. a. How many pounds of apples will he get if he goes to David's orchard? 730 bog . X

 Expflain how you figured it out.

The Cite 1O 1 M20 and Hen e |xd B0
Ve St pnd e gagdomal 1ot rod §1 @ch

b. IfChris goes to Pam's orchard, how many pounds of apples will he get? Mm -
Explain how you figured it out.

e o om BR0 weckh of ages. e spnds
BlE w e St 10 b spd be cam ke & mate
Amolcsbi-o\l(lm e (e, Buaing LSS X
o \by ‘

¥ T pe e L
Vi a = pe)

3. How man‘y pounds of apples must Chris pick before Pam’s orchard is cheaper than David’s?
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Student K has trouble understanding the constraints of the task. The student does not
understand the proportional language of “per pound”. In part 1 the student knows to
multiply the additional pounds by $1, but treats the first 10 Ib. as 1 unit costing $2,
rather than $2 per pound. In part 1b, the student again understands the second
quantity should be multiplied but ignores the entrance fee and cost of the first 10
pounds. In part 2 the student reasons backwards from his answer in part 1.

Student K
Anna wants to pick 40 pounds of apples.

1. & How much does this cost at David's orchard? $22 .00\
- {

Show your calculations.

“AGEL L -
301230 +>§ :

‘h
b.  How much does it cost at Pam's orchard? 5 22.3 G\r(

Show your calculations,

Chris has $30 to spend.

2. & How many pounds of apples will he get if he goes to David's orchard? 3 iz Qﬂ)l_eﬁx
Explain how you figured it out.

0 = OO - = -
4 a.‘o‘pl‘s 5 3z.¢ 2.60=230 Z-“iﬂﬁﬁ
> 3% %ppla.
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Student L has trouble with the idea of “per pound”, thinking in terms of groups of tens
instead of groups of 1. Notice also that the student does not change the cost after the

first ten pounds.

Student L

Anna wants to pick 40 pounds of apples.

1. &. How much does this cost at David's orchard?

Show your calculations. EJ% I
g TN | CN
—/gk . x -

O
ALY

| WU‘M

=2

P

]

b. How much does it cost at Pam's orchard?

Show your calculations.

Teacher Notes:
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MARS Test Task 2 Frequency Distribution and Bar Graph, Grade 8

4500
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3500 4

Task 2 - Picking Apples
Mean: 3.90 StdDev: 3.36

Figure 50: Bar Graph of MARS Test Task 2 Raw Scores, Grade 8
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MARS Task 2 Raw Scores
Score 0 1 2 3 4 5 6 7 8 9 10
Count | 1015 97 227 122 384 167 352 233 455 96 122
Yo<= 32% 25.1 422% | 46.1% | 55.0% | 60.3% | 71.4% | 78.8% | 93.1 | 96.2% | 100%
% %
Yo>= 100% | 68% 64.9% | 57.8% | 53.9% | 45% | 39.7% | 28.6% | 21.2 | 6.9% | 3.8%
%

The maximum score available for this task is 10 points.
The minimum score for a level 3 response, meeting standards, is 5 points.

Many students, about 64% could find the cost of 40 Ibs. of apples picked at David’s

orchard and show how they figured it out. About half the students could find the cost
of 40 1b. of apples at David’s orchard or work backwards from an amount of money to
the number of pounds picked at David’s. About 45% could also make some sense of
picking 40 Ib. of apples at Pam’s orchard by either getting a correct solution or a

correct process. Some students, about 21% could find the cost of 40 Ib. of apples at
either orchard and the number of pounds that could be purchased for $30 at either

orchard. 3.8% of the students could meet all the demands of the task, including
finding the lowest point where Pam’s orchard is less expensive than David’s including

some justification to back up that answer. 32% of the students scored no points on

this task. 92% of the students with this score attempted the task.
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Picking Apples

Points Understandings Misunderstandings

0 92% of the students with this | Some students had difficulty interpreting

score attempted the task. the language of proportionality, “per
pound”. 8% of all students had answers of
$32 for apples at David’s, because they
didn’t multiply the first 10 Ibs. by $2. 8%
of the students thought the cost of 40 1bs.
was $40, just taking $1 for every pound and
ignoring the difference in price for the first
10 1bs.

2 Students could interpret the | Students had difficulty interpreting the 3
meaning of “per pound” and | constraints for Pam’s orchard. 11% of the
calculate the cost of 40 Ibs. students ignored the entry fee. 4% only
of apples at David’s orchard. | added $1.50 for the first 10 Ibs. getting

answer of $34. 5% did not use monetary
notation giving an answer of $47.5.

4 Students could calculate the 11% of the students, who missed part 2a,
cost of buying 40 lbs. of ignored the change in cost for the first 10
apples at David’s and find Ib. They thought $30 would get 30 Ibs. 6%
the number of pounds that thought that if 40 Ibs. = $40 and the first 10
could be purchased for $30, | Ib. = $2, then $30 would buy 38 Ibs. Other
showing appropriate common answers for 2a were 15, 150, and
calculations for each. 40 pounds.

6 Students could find the cost | Some students had difficulty working
of 40 1bs. at both orchards. backwards from a cost of $30 to the
They could work backwards | number of pounds at Pam’s. Some
from a cost of $30 to the calculated it as if all apples cost $ .75,
amount of apples purchased | giving them an answer of 40 Ib. Some
at David’s, but not at Pam’s. | students did not realize you can by

fractional amounts of pounds, so they
picked answers that would use most of the
money like 13 or 15 pounds.

8 Students could find the cost | Many students who were successful at all
of 40 1bs. or the number of other parts of the task did not attempt the
pounds that could be final part of the task. They did not know
purchased for $30 at both how to attack the problem. 65% of all
orchards, showing students did not attempt this part of the
appropriate calculations. task.

10 Students could find the cost | Students might try guess and check to find
of 40 Ibs. or the number of some value where Pam’s orchard was
pounds that could be cheaper, but not narrow it down to the
purchased for $30 at both lowest amount giving answers as high as
orchards, showing 100 or 187 Ibs.
appropriate calculations.

Students could also find the
point where Pam’s orchards
were cheaper than David’s.
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Based on teacher observations, this is what eighth graders knew and were able to do:

e They could multiply to find the costs of additional pounds

Areas of difficulty for eighth graders:
e Interpreting the language of proportions, “per pound”
Identifying and using all the constraints in a problem
Labeling answers to understand what had been calculated
Adding together inappropriate items like pounds and dollars
The concept of a break-even point, setting up an equality to find out when two
alternatives will yield the same value
e Standard monetary notation
Questions for Reflection on Picking Apples

e What kinds of language do your students use to make sense of rates or
proportional situations? Do you think they understand terms like per pound,
per hour, per box? Do you think they see these terms as sets of equal size
groups?

e What types of activities do students do to help them make sense of the
meaning behind rates or proportions? Do they associate multiplication/
division with these ideas? In what ways?

e How are labels used in the classroom when solving problems? Do you
provide explicit instruction to help students deal with dimensional analysis or
how operations effect or change labels?

e Looking at student work in part 1 and 2, were students thinking in terms of
function or doing several individual calculations?

Look at student work for part la. How many of your students put:

$50 $40 $32 $8 $30 $20 Other

Can you follow the reasoning chain that led to each particular error pattern? What
does this show you about student misunderstandings?

Look at student work for 1b. How many of your students put:

$47.50 $47.5 or $55 $34 $37.50 Other
$47.05

What additional misconceptions contributed to the problems in this part of the
task?

e What types of problems do students work requiring them to “work
backwards” or do inverse operations? Do students work with this idea
with computational procedures or just with problem-solving tasks?

e Are students comfortable with order of operations and how that works
when undoing a procedure?
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e How comfortable are students with symbolic notation like parentheses,
division symbols?

e  When looking at student work in part 2, check student thinking to see if
they combined inappropriate terms like $ and pounds. Did they lose track
of the meaning behind their computations?

Look at student work on 2a. How many students put:

20 15 30 150 38 40 Other

Look at student work on 2b. How many students put:

16 2/3 10 30 19 20 25 No Other
or 16 response

What misconceptions led to these error patterns? What made this part more
difficult for students?

Now look at work in the final section. Many students did not know how to
approach this part of the task. They did not have the sense of finding the point
where the number of pounds and the cost were the same for both orchards.
e How many of your students did not attempt this part of the task?
e How many of your students guessed a large value (34 to 187) that
made Pam’s cheaper?
e How many lost track of some of the constraints (like entrance fee)
when making their calculations for this section?
e Were successful students able to set up an equation to solve the
problem or did they use guess and check to solve the problem?
Do you have any problems in your text dealing with the idea of break-even point?
Have you students worked with problems graphing two equations to find where they
intersect? What strategies would you have expected or wanted your students to be
able to use?

Implications for Instruction:

Students at this grade level should be comfortable with identifying and using
constraints to solve problems. Students should be starting to do operations with labels
to keep track of how the calculations change the labels. Students should also start to
use equations to express the multiple constraints, rather than using a string of
calculations.

A big idea for middle grades is the ability to use proportional reasoning or understand
multiplicative relationships. Students should be comfortable with the language of
proportions or rates, like per pound, per hour, per person. Students need explicit
instruction of help them connect cost per pound or miles per hour as representing
equal groups that can be multiplied or divided. Students also need help seeing how
these operations change the units.
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Students at this grade level should be preparing for the transition to algebra. They
need many opportunities to work problems involving inverse operations. They need
to be confronted with situations with multiple steps, where order of operations makes
a difference. So when students share solutions, it is important for them to be asked
why they have different answers. The teacher might pose questions, such as, “If two
students both subtracted and both divided, how is it possible for them to get two
different solutions? How can we determine which one is correct?” Having students
grapple with these issues helps them see the logic behind the rules or algorithms in a
way that direct instruction alone doesn’t.

Another big idea to help then prepare for algebraic thinking is the idea of equality. In
order for students to think about the idea of when Pam’s orchard is cheaper, it is
helpful to ask the question, “ At what point are the two orchard’s the same?” As more
than half the students had no idea how to even start this part of the task, giving them
this as a discussion point when returning the papers would be a good classroom
activity.

Teacher Notes:
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Performance Assessment Task

Picking Apples
Grade 8

The task challenges a student to demonstrate understanding of the concepts representing and
analyzing mathematical situations and structures using algebra. A student must understand and be
able to represent a break-even point in cost analysis. A student must be able to use symbolic algebra,
a table, a graph, or a verbal explanation to represent and explain mathematical relationships. A
student must be able to judge the meaning, utility, and reasonableness of results of one or more of
these representations. A student must make sense of this mathematics in a real world context of
picking apples in two different orchards.

Common Core State Standards Math - Content Standards

Expressions and Equations
Analyze and solve linear equations and pairs of simultaneous linear equations..
8.EE.8 Analyze and solve pairs of simultaneous linear equations.
b. Solve systems of two linear equations in two variables algebraically, and estimate solutions
by graphing the equations. Solve simple cases by inspection. For example, 3x + 2y = 5 and 3x
+ 2y = 6 have no solution because 3x + 2y cannot simultaneously be 5 and 6.
c. Solve real-world and mathematical problems leading to two linear equations in two
variables. For example, given coordinates for two pairs of points, determine whether the line
through the first pair of points intersects the line through the second pair.

Common Core State Standards Math - Standards of Mathematical Practice

MP.1 Make sense of problems and persevere in solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem and
looking for entry points to its solution. They analyze givens, constraints, relationships, and goals.
They make conjectures about the form and meaning of the solution and plan a solution pathway
rather than simply jumping into a solution attempt. They consider analogous problems, and try
special cases and simpler forms of the original problem in order to gain insight into its solution. They
monitor and evaluate their progress and change course if necessary. Older students might, depending
on the context of the problem, transform algebraic expressions or change the viewing window on
their graphing calculator to get the information they need. Mathematically proficient students can
explain correspondences between equations, verbal descriptions, tables, and graphs or draw
diagrams of important features and relationships, graph data, and search for regularity or trends.
Younger students might rely on using concrete objects or pictures to help conceptualize and solve a
problem. Mathematically proficient students check their answers to problems using a different
method, and they continually ask themselves, “Does this make sense?” They can understand the
approaches of others to solving complex problems and identify correspondences between different
approaches.

MP.5 Use appropriate tools strategically.

Mathematically proficient students consider the available tools when solving a mathematical
problem. These tools might include pencil and paper, concrete models, a ruler, a protractor, a
calculator, a spreadsheet, a computer algebra system, a statistical package, or dynamic geometry
software. Proficient students are sufficiently familiar with tools appropriate for their grade or course
to make sound decisions about when each of these tools might be helpful, recognizing both the
insight to be gained and their limitations. For example, mathematically proficient high school
students analyze graphs of functions and solutions generated using a graphing calculator. They
detect possible errors by strategically using estimation and other mathematical knowledge. When
making mathematical models, they know that technology can enable them to visualize the results of
varying assumptions, explore consequences, and compare predictions with data. Mathematically
proficient students at various grade levels are able to identify relevant external mathematical
resources, such as digital content located on a website, and use them to pose or solve problems. They
are able to use technological tools to explore and deepen their understanding of concepts.
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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
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

8 2005 10 5 45%
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