Eight Grade Mars 2006 Task Descriptions
Overview of Exam

Core Idea Task | Score
Geometry and Aaron’s Designs
Measurement

This task asks students to draw reflections and rotations of a given figure on a grid.
Students describe transformations needed to make a given pattern. Successful students
could draw and describe reflections, flips, and slides. Students working at a high
level could draw rotations and quantify the transformations.

Algebra and Functions | Squares and Circles

This task asks students to work with perimeter and circumference of squares and
circles. Students use and interpret line graphs and their equations. Successful students
could reason about perimeter of squares and plot points on a graph. They could
identify the equation for perimeters and explain why the graph was a straight line.
Students working at a high level could compare and contrast the graphs of two
functions.

Data Analysis | Temperatures

This task asks students to understand and interpret statistical graphs and diagrams
showing real data. Students compare and contrast data sets. Successful students
compare and contrast line graphs and match the line graphs to box and whisker
diagrams by noting key features of the data. Students working at a high level
understood the upper and lower quartiles on a box and whisker diagram.

Number and Operation | 25% Sale

This task asks students to work with percentage increase and decrease in the context
of a sale and develop mathematical arguments on the effects of decreasing a price by
25% four times. Successful students could calculate the cost of a 25% reduction and
reason why reducing something by 25% four times does not result in zero cost.
Students working at a high level could calculate the percent reduction given the
amount of reduction and original cost.

Mathematical Reasoning | Going to Town

This task asks students to interpret and complete a distance/time graph for a described
situation and work with rates in the context of slope. Successful students could
calculate rates from a graph, relate the meaning of slope to the problem context, and
use information about the situation to continue the graph.
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Figure 7: Overall Frequency Distribution by Total MARS Raw Scores, Grade 8
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Figure 18: Bar Graph of 2008 MARS Test Performance Levels, Grade 3
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* Total MARS raw scores is the summation of Tasks 1 through 5 on the MARS test.
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Comparison of Student Performance

Table 87: MARS Performance Level Frequency Distribution, 2001 to 2003, Grade &8

2001 2002 2003
Count Percantage Ciount Percantage Count Parcentages
Level 1 51 15.9% 1751 27 1% 2509 0.7 %
Level 2 2108 41.9% 2380 37.0% 2154 208.4%
Level 3 1544 30.7% 1485 23.1% 1558 10.0%:
Level 4 428 B.5% B25 12.8% 1855 23.5%

Tabde 87 (Cont ) MARS Performance Level Freguency Distribution, 2004 to 2008, Grade 2

2004 2005 20045
Count Percentage Count Percentage Count Percentage
Lewel 1 2362 26 5% 1530 43 3% SHE 30.8%
Level Z 2745 25.5% 716 22 6% Ga1 30.5%
Level 3 3303 30.7% 630 15.59% 484 21.7%
Level 4 18558 17.3% 284 2.3% 184 8.2%

Table £88: MARS Performance Level Descriptive Statistics, 2001 to 2008, Grade &

2001 2002 2003 2004 2005 20045
Student Count | 3032 G2 2175 10758 | 3170 2235
Std Dew o087 0.gs 115 1.08 1.02 o.av
hMean 2249 222 238 239 .80 1.08

From 2002 to 2004, the mean performance for Level 8 increased madastly. but it
decreased between 2004 and 2008, In 2006 the mean performance increasad by a small
but statistically significant amount that corresponds to an effect size of 02 standard

deviation units. The substantive difference in means is small, as the percentage of
students meeling or excesding standards increased from 258% in 2005 to onby 30% in 2006,
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Aaron’s Designs

This problem gives you the chance to:
» draw reflections and rotations of a given figure on a grid
* describe transformations needed to make a given pattern

Aaron is drawing some designs for greetings cards.
He divides a grid into 4 quadrants and starts by drawing a shape in one quadrant.
He then reflects, rotates or translates the shape into the other three quadrants.

1. Fmish Aaron’s first design by reflecting the

gray shape over the vertical line. 4

Then reflect both of the shapes over the 4
horizontal line. /

N

This will make a design in all four quadrants.

B
=

To fimish drawing Aaron’s second design,

b=y

dyneva 104 ~F o faras 339 o
& 1/ O a turi +

clockwise direction about the origin.
Then draw the second shape.

Rotate the second shape 1/4 of aturn in a L \
clockwise direction about the origin. ] \.
Then draw the third shape.

Rotate the third shape 1/4 of a turn in a
clockwise direction about the origin.
Then draw the fourth shape.

This will make a design in all four quadrants.

Copyright € 006 by Mathematics Assessmnt Page 1 Aaron’s Designs Test8
Resource Senice. All nghts resansad.
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3. This is Aaron’s third design.

He started with one gray shape in the top left
hand quadrant of the grid and transformed it to

make ihe design. g -

Describe the transformations that Aaron may have used to draw this design.

Copyright © 2006 by Mathematics Assassmant Page 2 Aaron's Designs  Testg
Rusoucs Sannca. Ml nghls msaraed
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Aaron’s Designs Rubric
The core elements of performance required by this task are:
+ draw reflections and rotations of a given figure on a grid
+ describe transformations needed to make a given pattern
section
Based on these, credit for specific aspects of performance should be assigned as follows points | points
1. Draws all 3 shapes correctly. . 3
. . Shape 2
Partial credit % e
Draws shape 2 and one other correctly. A1\ <+— ()
Draws shape 2 or shape 4 correctly. (1)
A
Shape 4
—>
) 3
2. Draws all 3 rotations correctly. 2
. . Shape 2
Partial credit ape
Draws shape 2 correctly. \
S
L —]
2
3. Gives a correct description such as:
Reflects the shape over the vertical line, 1
then translates/slides the 2 shapes down 1
4 squares. 1
3
Total Points 8
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8™ Grade — Task 1: Aaron’s Designs
Work the task and examine the rubric.
What do you think are the key mathematics the task is trying to assess?

What opportunities do students in your class have to work with transformations:
reflections, rotations, flips, turns, slides?

How are these skills relevant to today’s job market?

What kind of work have your students done with symmetry? Do they get practice
making their own shapes or drawing in the second part of a shape? How is drawing in
a shape different from drawing in a line of symmetry? What mathematics come up in
making your own drawing?

Look at student work on part one, using reflections across two lines of symmetry.
How many of your students:

Drew all 4 | Slid the top Slid the | Put nothing | Made a Didn’t Other

shapes quadrants to shape to in the different | draw the
correctly the lower right lower shape shape to
quadrants quadrants scale

Rotating the shape was difficult for students. What opportunities have they had to
work with rotations? What strategies might students use to help them solve this task?
Try working this part with colleagues. Did you all use the same way? See if you can
share some of this variety with students.

Look at part two of the task, rotating a shape. How many of your students:

Made all the | No response | Reflected the | Made a different Other
rotations shape 4 times shape
correctly
Eighth Grade — 2006 7
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Many students are using common language rather than mathematical language to
describe transformations such as copy and move. What type of work have students
done with the transformation?

Look at student work on part three, describing a transformation. How many of your
students:

Describe | Describe | Use quantity Use Talked | Inaccurate Other
the the slide | for the slide | nonmathematical | about | measurement
rotation down language copying or scale

As you looked at student work, did you see evidence of students who were operating
at a low van Hiele level?

What effort do you make to design and put activities into your curriculum to help
students to progress through the van Hiele levels?

What are some implications for instruction that you want to remember after looking at
your student work?
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Looking at Student Work on Aaron’s Designs

Student A is able to do both the reflection and rotations, keeping the shapes in scale as they are
moved. Notice in part three the student numbers the quadrants to make the meaning clearer to the
reader. The student is able to quantify the distance and direction to move the shapes.

Student A

Aaron |5 deawing some designs for greetings cards
He divides a grid into 4 quadrants and s2ants by drawing = shape in one quadrant \/
He then reflects, rotates oc translates the shape into the other thiee quadrants

—)

I Finish Aaron’s first design by reflecting the
gray shape over the vertical line. N

Then reflect both of the shapes over the A
harizontal line.

This will make & design in all four quadcants

S \ N A

"~

To finish deawing Aarvn's secand design,
rotate the gray shape 1/4 of & tum in s
clockwise direction about the origin
Then deaw the second shape,

o
Sy

Rowie the second shape 1/4 of a tum in )
clockwise directson about the ongin |
Then draw the third thape. =1 -

Rotate the third shape 14 of 2 tum n g ] ;\' .

clockwise dircction shout the origin 1 TN

Then draw the fourth shape. |1} / \ \
T

This will make a design in all four quadrants / okl s,

3. This is Aaron’s third design.

He started with one gray shape in the top left
hand quadrant of the grid and transformed it to
make the design.

Describe the transformations that Aaron mnyn used 1o draw this design.

He ,)LL,L«’S refecied the Lot chay —aconis
[ i /-

b o pockitinod ths soc beth Sg 1!
‘ * =

{ casedS  Slewan MO s eedT Hiy /Kff n !
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Student B is able to draw the reflection for part 1 of the task and attempts to do a reflection in part
two instead of a rotation. The student distorts the shape, not quite able to track all the measurements

of the original design.

Student B
4
2. To finish drawing Aaron's second design,
rotate the gray shape 1/4 of a tun in a
clockwise direction about the origin. == b
Then draw the second shape.
S Pz
Rotute the second shape 1/4 of a tum in a e
P2 - s

clockwise direction about the origin. ! <
Then draw the third shape. N 4

Rotate the third shape 1/4 of a tum in &

clockwise direction about the origin P E

Then draw the fourth shape. e B
(4

This will make a design in all four quadrants.

Student C tries to slide the shape in part two, but again can’t accurately locate one of the vertices.
Notice that not even a distorted version of the shape is maintained when the shape is moved to the

4™ quadrant.
Student C

Aaron is drawing some designs for greetings cards
He divides a gnd into 4 quadrants and starts by drawing a shape in one quadrant
He then reflécts. rotates or translates the shape into the other theee quadrants. J

1. Fumish Aaron’s first design by reflecting the
gray shape over the vertical line

Then reflect both of the shapes over the
hotizontal line

This will make a design in all four quadrants

\;‘.
S
|

2. To finish drawing Aaron's second design,
rotate the gray shape 1/4 of 4 tum in
clockwise direction about the origin,
Then draw the second shape,

Rotase the second shape 14 of atum in a
clockwise direction about the ofigin
Then draw the third shape

Rotate the thied shape 1/4 of 2 wm ina
N clockwise direction about the origin 1}
v Then draw the fourth shape.

This will make a design in all four quadrants

Eighth Grade — 2006 10

(c) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@noycefdn.org.




Student D is able to do the reflection across the vertical axis, but changes the shape and size of the
design when trying to reflect across the horizontal axis. The student does not understand rotation

and the shape also is not scale in part 2.

Student D
1. Finish Aaron's first design by reflecting the
gray shape over the vertical line

Then reflect both of the shapes over the
borizontal line,

This will make a design in all four quadrants,

2. To finish drawing Asron’s second design,
rotate the gray shape 1/4 of atum ina
clockwise direction about the origin.
Then deaw the second shape.

Rotute the sccond shape 14 of atum ina
clockwise direction about the origin.
Then deaw the third shape,

Rotate the third shape 1/4 of a turn in »
clockwise diroction about the origin
Then draw the fourth shape.

This will make a design in all four quadrants.

Student E seems do a horizontal slide in part 1, but is unable to correctly locate two of the vertices.

In part two, the student seems to do a diagonal slide, but again distorts the shape by mislocating a

vertex.

Student E

Aszon is drawing sonse designs for groctiogs cands.

Tie divides a grid into 4 quadracts and stacts by drawing & shape in voe quakss.
He thea reflects, rotates oe translates the shapo indo the other three quadnnts

1. Finish Aaron's fint design by reflecting the

Hruy shape over the vertical line.

Then rediect both of the shapes over the
Borizootal lne.

This will mske a detign in all fivor quad

2, To fmish drawing Aspom's second design,
rotate the gray shape 1M of e tum ina
clockwise direction about the origin.
Thes draw the sccood shape.

Rotaie the second shape 1/4 of anwurn fna

clockwize divection sbout the origin.
Then deaw the thind shape

Raotate the thind shape 1/ ofatum im &

clockwise dirsction sbout the arigim.
Then draw the foarth shape.

\
This will make & design in afl four quad
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Student F does one correct rotation and then tried to slide the shape down to the lower quadrants,
maybe using the drawing in part three as a guide. Notice that the lower right shape is not to scale.
In part two the student draws shapes different from the original figure. Do you think this is caused
because the student knows there is some movement but doesn’t understand the language enough to

finish the end part of each design?

Student F
Azxron is drawing some designs for groetings cards.
He divides a grid into 4 quadrants and starts by drawing a shape in one quadrant
He then reflects, rotates or translates the shape into the other three quadrants.

1. Finish Aaron's first design by reflecting the
gray shape aver the vertical line.

Then reflect both of the shapes over the kS
borizontal line. === =

This will make a design in all four quadrnts.

Q 8

\\J

ra

. To finish drawing Asron's second design,
rotate the gray shape 1/4 of a tum ina 2
clockwise direction shout the origin. ; T g

=~ Then draw the second shape. = J

Rotate the second shape 1/4 of a tumina R
clockwise direction about the origin = 1
Then draw the third shupe. X

Rotate the third shape 14 of atum inn
clockwise dircetion about the origin.
Then draw the fourth shape 8 o

This will muke a design in all four quadrants. L7 Xl

Student G seems to have some vague idea of reflection over the vertical axis, but cannot maintain
the original shape with the reflection over the vertical axis.

Student G
Aaron is drawing some designs for greetings cards.
He divides a grid into 4 quadrants and starts by drawing a shape in one quadrant.
He then reflects, rotates or translates the shape into the other three quadrants.

1. Finish Aaron’s first design by reflecting the .
gray shape over the vertical line. — J

Then reflect both of the shapes over the ol B
horizontal line. :

SN

This will make a design in all four quadrants.
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Students had trouble with the formal language for transformation. Student H is able to use the
language correctly in the first two sentences but then uses reflection incorrectly in the last sentence.
The student gives the direction of the slide but not the distance in the second sentence.

Student H

Describe the transfo

rmations that Aaron may have used to draw this design.

__L__ﬁ._.‘bhs—‘h—-
;LY _;_\e_/’__‘—‘_"—- -1 ~f__"_:,’_.——-—~*i‘~a—-1"‘—l" T
(= G s NN A A
aCwerida Eraws e, Second e XALee R
| - BRI W o~ \
N 4\ - - U AN
wavnegtes 1Yo Fronasne

=8 e’ Fecl VONCUEAST - T

Q~‘."P‘I_KLL.—-— .U i e i S L S == “(o,-/
: !b! ' to A ruadyaund NC Tyai, )
o > N ll———-—’—“"[""'
e L TV {
.

Student B uses the vocabulary of transformation, but uses it incorrectly. There is no mention of
direction or distance in the student’s directions.

Student B
Describe the transformations that Aaron may have used to draw this design,
Tl _.Ok)_\f’f‘_c"r xS vorored Y2 o doon avd '
veSlerhed on Ave vidizordio\ \WnEX ¥ /

/

| Here are some more typical responses to part 3. What is missing or incorrect in each one?

3. This is Aaron's third design

He started with one gray shape in the top left
hand quadrant of the grid and transformed it to
make the design

Describe the u'nnsfoﬂnalmm that A.mm may have Pscd |%Mf this design

P')%»‘ ‘;.ii .& ,-\ r",.";'d’ Wm
V s
\bOf((’\lf][ L M DL RLhen At <
AL (’LM"Q}Y\ _op e pOKT \e LAl
Eighth Grade — 2006 13

(c) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@noycefdn.org.




Describe the transformations that Aaron may have used to draw this design.

Wlen he olrew fre dwpe n J% fop [ef+
hé Mil1or zmcmo/ 1!’ on #e /Ml'\‘,' #\W”\ lf f‘oﬂﬁ_&’x

Té fog 'Sbj )lLL botom.”

[Te Connted iéf_ﬁ'*%
/zguaﬂm qhl J/a[{%}

Describe the transformations that Aaron may have used to draw this deSlgn.

he Started (v ith SimPi oS 18ns
laopl L AR K e aluSd ;
sS4V Qﬁmly'mg “Yh\m@%} 1 2A o

o onsﬁ\atAmnmyhaW““dmd"w .
“DT&E? miséncn\ﬁmm R et
Ve usek S (Raw WS c\es\b

L = _r
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Eighth Grade

8™ Grade Task 1 Aaron’s Designs

Student Task | Draw reflections and rotations of a given figure on a grid. Describe
transformations needed to make a given pattern.

Core Idea 4 Apply transformations and use symmetry to analyze mathematical

Geometry & | situations.

Measurement e Describe sizes, positions, and orientations of shapes under

informal transformations such as flips, turns, slides, and scaling.

Based on teacher observation, this is what eighth graders knew and were able to do:
e Reflect shapes over the vertical axis and slightly less often over the horizontal axis
e Describe a reflection

Areas of difficulty for eighth graders:
e Rotations
e Describing direction and distance for slides or translations
e Maintaining shape and size or scale when making their drawings

Eighth Grade — 2006
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Task 1 - Aaron’s Design’s

Mean: 2.69 StdDev. 2.18
Tabie 40: Frequency Distribution of MARS Test Task 1, Grade 8

| Task 1 Student | % ator | %ator
Scores Count below above
0 480 21.5% 100.0%
1 388 38.8% T78.5%
2 160 46.0% 61.2%
3 413 64.5% 54.0%

4 337 T79.6% 35.5% |
5 204 88.7% 20.4%
6 106 93.4% 11.3%
T 111 98.4% 6.6%
8 36 100.0% 1.6%

Figure 45: Bar Graph of MARS Test Task 1 Raw Scores, Grade 8
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MARS Task 1 Raw Scores

The maximum score available for this task is 8 points.
The minimum score for a level 3 response, meeting standards, is 5 points.

Many students, about 78%, could reflect a design across a vertical axis while maintaining the scale
and shape of the original design. More than half the students, 54%, could accurately reflect a design
across both a vertical and a horizontal axis. A few students, about 20%, could do reflections and
also describe how a design had been reflected as well as give a direction for a slide or translation.
Less than 2% of the students could meet all the demands of the task, including reflecting and
rotating shapes, describing reflections and translations with direction and quantity for the moves.
Almost 22% of the students scored no points on this task. 80% of the students with this score
attempted the task.
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Aaron’s Designs

Points Understandings Misunderstandings

0 80% of the students with this In attempting the reflections in part one,

score attempted the task. 12% of the students could not maintain
the original shape when making their
drawing or did not draw it to scale. 5% of
the students slid the shape to the right
instead of making a reflection.

1 Students could make a 19% of the students slid the design from
reflection across a vertical axis. | the top quadrants to the lower quadrants

instead of making a reflection. Another
5% put nothing in the lower quadrants.

3 Students could make a 10% of the students did not attempt to
reflection across a vertical and a | describe the translation in part 3 of the
horizontal axis, while task. 19% of the students used
maintaining shape and size. nonmathematical language in their

descriptions in part 3.

5 Student could make reflections | They had difficulty giving direction and
and describe reflections in a quantity to slides. 18% of the students
transformation. did not give a reference as to what was

being moved or transformed or an axis
for making a reflection. 28% of the
students gave instructions about copying
the design. Students could not do
rotations. Almost 50% of them drew
reflections for part two instead of
rotations. 19% changed the shape
completely in their attempt to do a
reflection. Almost 10% were unwilling
to even attempt a rotation.

6 Students did not give a direction for the
slide or “move”. They did not quantify
the size of the slide or “move”.

7 Students did not quantify the size of the
move.

8 Students could make reflections

and rotations across vertical and
horizontal axes, while
maintaining shape and size.
Students could describe
reflections with reference to
axis of reflection and slides
with reference to direction and
size of the slide.
Eighth Grade — 2006 17
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Implications for Instruction

Students at this grade level need frequent exposure to activities that develop their spatial reasoning
and ability to distinguish geometric shapes, properties of shapes, and to develop their reasoning and
generalizing skills between properties of shapes. Research suggests that everyone develops through
levels of understanding (van Hiele levels) based not on maturity, but on experiences. Research
further suggests that the ability to make formal and informal deductions, such as that required in a
high school geometry class, without first moving through these lower levels. More than half the
students entering a geometry class may still be operating at a level 0 (visualization) or 1(analysis).

Students need opportunities to sort and categorize shapes by their properties. For middle school
working with a software program, like Geometer’s Sketchpad, can be useful for exploring examples
of classes of shapes and can further help students start to build and test conjectures.

Students need more work with drawing rotations, slides, and reflections. Students need to be able
to describe the line of reflection or the distance of a slide or other transformation. By making their
own drawings and transformations, students learn about the importance of scale and start to see
more of the detail in the shapes or designs. Students need more opportunity to work with
transformations on a coordinate grid. In a world dominated by special effects in movies, video cell
phones, graphic design, missile technology, hdtv, sending images on computers, defense systems, as
well as traditional work of engineers, architects, carpenters, it is more important than ever for
students to have the visualization skills to function in today’s world.

Working with geometry can be very enjoyable for students and give some students a chance to
shine, who may have not be so successful in other areas of mathematics. For most students these
types of activities and learning experiences are very motivating. Their success can transfer to a
positive attitude when they then attempt other activities in the classroom. There are a number of
great resources for working with transformations: John Van de Walle — Teaching Student-Centered
Mathematics, Connected Mathematics, and Mathematics in Context. Developing spatial skills is
directly related to opportunity to learn.

Ideas for Action Research
Clue Cards

Students need to understand the importance of detail, reference to line of reflection, direction, and
distance in giving directions. Try making clue cards from some of the student responses to part
three in Aarons design and give students grids with only the top left quadrant filled in. Ask students
to use the clue cards to try and complete Aaron’s third design. Don’t give them a lot of definitions
or explanations, but tell them that they can look up any words that are unfamiliar to them or use any
resources available in the room. Let them take some initiative in their own learning and what they
need to know.

When students have completed their designs, have them compare what they made with each other.
Did they all draw the same thing for each clue card? Why or why not? Have students discuss which
clues were most helpful or most confusing. What would make the clues more helpful?

Now have students make their own simple design that can be made in the 4 quadrants using flips,
slides and rotations. Then ask students to write their own clue card for their design. Have them
trade with each other or pick three or four to give to the class. See how their thinking has improved.
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How did the students do with the idea of being responsible to look up things that they didn’t
understand? What evidence did you see that they used this opportunity? How is this type of
learning different from you “explaining” something to them?

How did the discussion about the clues focus students on the geometric ideas of distance and
direction? What other important ideas came up during the discussion?
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