Figure 7: Owerall Frequency Distribution by Total MARS Raw Scores, Grade 8
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MARS Test Performance Level Frequency Distribution Table and Bar Graph
2008 - Mumber of Students testad in 8th grade: 2235

Table 7: Frequency Distribufion of MARS Test Peformance Levels, Grade 2

Wear of Testing
2001 2002 2003
Perd. Level %% af % at least % at %o at least % at %o at least
L 15%% 100% 2% 100% 3% 100%
2 42% 21% A% 73% 28% GiE%0
3 31% 38% 23%0 38%0 18% 4.3%0
4 2% 2% 13% 13% 24% 24%0

Table 7 {Cont. )k Freguency Distribution of MARS Test Performance Levels, Grade B

ear of Testing

2004 2005 2006
1 27% 100% 48% 100% 40% 100%:
2 268% T3% 23% 52% 30% &0%
3 31% 48% 20% 28% 22% 0%
4 17% 17% &% &% 8% 8%

Figura 1G: 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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The following figures show the distribution of raw scores with the median represenied as a
horizontal bar in the center of the box, the interquarile range {25 perceniile to 75 percentile)
represented by the box, and the extreme values® within a category lie betwesn the highest and
lowest horizontal bars. Groups with Ms of less than § students are not reported.

Figure 7.1 Box and whisker plot of Total MARS Raw Scores by Ethnicity
Grade: &
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Tabie 7.1 Student count for Ethnlcity

Ethnicity Ethnicity Student Count
Groups
100 Armerican Indian 13
200 fsiandhsian American 172
200 Facific Islander 22
400 Filipino 241
£00 Hispanic/Lating 485
200 African American 115
700 White (Mot Hispanic) 51
eg Decline to state 48

* Extremes are cases with values more than three box lengths from the upper or lower edge of the box.
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Figure 161 Distribution of sampling means by Ethnicity
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Tabls 16.1 Student count for Ethmicity
Ethnicity Ethnicity Student Count
Groups
100 Emerican Indian 13
200 Esianflsian American 172
300 Facific Islander 22
400 Filipino 241
500 Hispanic/Latino 485
G0o Efrican American 115
700 White (Mot Hispanic) il
Qg9 Decline io state 45
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Distribution of =ampling means
Grade 2
Ethnicity

Im this section, fest scores are compared across different ethinic grou |:-51. Cine way to look at the group
differences is to study the graphs. |f scores from group A are above and do not overdap scores from
group B, then group A is significanthy above group B. Conversely, if the scores from group A are below
and do not overlap the scores from group B, then group A is significantly lower than group 8. When the
two scores overlap there is no significant difference between the groups.

The scores of AsiandAsian American and Whites are significanily higher than the scores of Pacific
Islander, Hispanic and African &merican siudenis.

The scores of Filiping students are significanthy higher than those of Pacific Islanders, African Americans
and Hispanics.

The scores of Hispanic students are higher than those of African Americans, but lower than the scores of
Asianffsian Americans, Filipinoes, and Whites. The scores of African Americans are lower than all aother
groups except Indian/Alaskan Matives and Pacific: Islanders (not significant differences).

' Overall comparisons were made using an Analysis of Varnance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 7.2 Box and whisker plot of Total MARS Raw Scores by Home Language
Grade:
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Tabla 7.2 Student count for Home Languags

Home Home Language Student
Language Count
Group
O English 1082
1 Spanish 342
2 Wiglnamese 16
3 Cantocnese 25
e Horean 15
5 Filipino 105
7 Mandarin 28
g Japansse T
18 Farsi 16
22 Himd
28 Crthers/Unknown 25
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Figure 16.2 Distribution of sampling means by Home Languapge

Grade: 8
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Tabls 16.2 Student count for Home Languags

Home Home Language Student
Language Count
Group
1] English 1082
Spanish 342
2 Wiethamease 18
3 Caniocnese 28
4 Koraan 15
5 Filipino 105
T Mandarin 28
g Japanese 7
18 Farsi 18
22 Hind g
25 Cthers/lUnknown 25
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Distribution of =ampling means
Grade 2
Home Language

Im this section, fest scores are compared across groups of students who speak different languages at
home. One way to look at the group differences is to study the graphs. If scores from group A are
abowe and do not overap scores from group B, then group A is significantly above group B. Conversely,
if the scores frormn group & are below and do not overlap the scores from group B, then group A is
significanily lower than group B. When the two scores overlap thers is no significant difference betwaen

the groups.

The score means by home language group for Grade 8 show relatively few significant differences.
Siudents who speak Spanish at home had lower scores than all other groups except Farsi and Korean
{not statistically different). Studenis who speak Horean or Farsi at home show no significant differences
in score means with any other home language groups.

2 Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 7.2 Box and whisker plot of Total MARS Raw Scores by Parent Education

Grade: 8
A —
4+
iz
E:
i
® 24 | +
&
a4 -
=
= 15 4 -
F +
14 T
54
o ; ; i ; ; {
10 11 12 13 14 15
Parent Education Groupe

Tabile 7.3 Student count for Parent Education

Parent Parent Education Student
Education Count
Group
10 Graduate Scheol 224
11 College graduate 444
12 Some college 325
13 High School graduate 335
14 Mot a high school graduats 153
15 CrthersfUnknown 128
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Figure 163 Distribution of sampling means by Parent Education
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Tabla 16.3 Student count for Parant Education

Parent Parent Education Student
Education Count
Group
10 Graduate School 228
11 College graduste 444
12 Some college 395
13 High School graduate 335
14 Mot a high school graduate 153
15 Cfhersinknown 128
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Distribution of =ampling means
Grade 2
Parent Education

Im this section, fest scores are compared across groups of students with different levels of parent
education”. One way fo lock at the group differences is to study the graphs. If scores from group & are
abowe and do not overlap scores from group B, then group A is significantly above group B. Conversely,
if the scores frorm group A are below and do not overlap the scores from group B, then group A is
significanily lower than group 8. When the two scores overlap there is no significant difference between

the groups.

The score means for groups whose parents had different levels of education fall as expectad, with
students whose parents have higher levels of education having statistically higher mean scores than
students whose parents have lower levels of education. The scores of students whose parents have a
graduate school education are higher than all other groups, followsd by students whose parents are
college graduates. The scores of students whose parents have some college education are higher than
the scores of students whose parents are not high school graduates. The scores of students whose
parents are or are not high school graduates are not statistically different from one another.

® Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 7.4 Box and whisker plot of Total MARS Raw Scores by Gender
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Table 7.4 Student count for Gender

Gender Student Count
Female B3
Male o1

Y| ka
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Figure 16.4 Distribution of sampling means by Gender
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Tabla 16.4 Stwdant count for Gander

Gender Student Count
Female 232
Male o15
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Distribution of sampling means
Grade 8
Gender

In this section, test scores are compared across genders‘. One way fo look at the group differences is to
study the graphs. If scores from group A are above and do not overlap scores from group B, then group
A is significantly above group B. Conversely, if the scores from group A are below and do not overlap the
scores from group B, then group A is significantly lower than group B. When the two scores overlap there
is no significant difference between the groups.

The difference in mean scores for males and females is not statistically significant.

4 Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 7.5 Box and whisker plot of Total MARS Raw Scores by Language Fluency
Grade: 8
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Tabla 7.5 Student count for Language Flusncy

Language Language Fluency Student
Fluency Count
Group

1 English only 1082

2 Initially Flusnt (I-FEP) 122

3 English Learner 245

4 RelDesignated (R_FEP) 285
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Figure 16.5 Distribution of sampling means by Language Flusncy

Grade: 8
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Tabla 16.5 Student count for Language Flusncy

Language Language Fluency Student
Fluzsncy Count
Group

1 English anly 1082

2 Initialty Fluent {I-FEP) 122

3 English Learner 2485

4 Relesignated (R_FEP) 285
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Distribution of sampling means

Grade 8
Language Flusncy

Im this section, fest scores are compared across differant English language proficiency gr-::upsﬁ. One way
to look at the group differences is to study the graphs. If scores from group A are above and do not
owerlap scores from group B, then group A is significantly above group B. Conversely, if the scores from
groug A are below and do not overlap the scores from group B, then group A is significantly lower than
groug B. When the two scores overlap there is no significant difference between the groups.

The =cores of English learmers are significantly lower than all other English language proficiency groups.
There are no other significant diferences betweeniamong language proficiency groups.

® Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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8" Grade Task 1 Aaron’s Designs

Student Draw reflections and rotations of agiven figureon agrid. Describe
Task transformations needed to make a given pattern.

Coreldead | Apply transformationsand use symmetry to analyze mathematical
Geometry & | Situations.

M easur ement » Describe sizes, positions, and orientations of shapes under
informal transformations such asflips, turns, dides, and scaling.

Based on teacher observation, thisiswhat eighth graders knew and were able to do:
* Reflect shapes over the vertical axisand dightly less often over the horizontal axis
» Describe areflection
Areas of difficulty for eighth graders:
* Rotations
* Describing direction and distance for slides or trandlations
* Maintaining shape and size or scale when making their drawings

I mplications for I nstruction

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 devel ops 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 asthat requiredin 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 alevel O (visuaization) 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, dides, and reflections. Students need to be able
to describe the line of reflection or the distance of adide 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 aworld dominated by special effectsin movies, video cell
phones, graphic design, missile technology, hdtv, sending images on computers, defense systems,
aswell astraditional 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 activitiesin 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 skillsisdirectly related to
opportunity to learn.
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MARS Test Task 1 Frequency Distribution and Bar Graph, Grade 8

Task 1 — Aaron’s Design’s

Mean: 2.69 StdDev: 2.18
Table 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 35.8% 78.5%
2 160 45.0% 61.2%
3 413 84.5% 54.0%
- 337 79.6% 35.5%
5 204 88.7% 20.4%
6 106 83.4% 11.3%
7 111 858.4% 5.6%
8 36 100.0% 1.6%
Figure 49: 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 thistask is 8 points.
The minimum score for alevel 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 adesign
across both a vertical and ahorizontal axis. A few students, about 20%, could do reflections and
also describe how a design had been reflected as well as give adirection for a dide or trandation.

L ess than 2% of the students could meet all the demands of the task, including reflecting and
rotating shapes, describing reflections and trand ations with direction and quantity for the moves.
Almost 22% of the students scored no points on thistask. 80% of the students with this score
attempted the task.
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8" Grade Task 2 Squaresand Circles

Student Work with perimeter and circumference of squares and circles. Use and
Task interpret line graphs and their equations.

Coreldea3 | Understand relationsand functions, analyze mathematical

Algebraand | situations, and use modelsto solve problemsinvolving quantity and

Functions change.

e ldentify functions aslinear or nonlinear, and contrast their
properties from tables, graphs, or equations.

« Explore relationships between symbolic expressions and graphs
of lines, paying particular attention to the meaning of intercept
and slope.

Based on teacher observation, thisiswhat eighth graders knew and were able to do:

e Find perimeter of a square given the side length

* Graph the points

* Find the side length of a square given the perimeter
Areas of difficulty for eighth graders:

e Understanding dope or rate of change
Connecting the origin to the context of the perimeter
Using mathematical vocabulary to describe patterns or trends
Understanding the “ continuousness’ of aline
Explaining why alineis straight
Comparing and contrasting linear functions, picking mathematically significant details of
the graphs
I mplications for Instruction
Students need frequent opportunities to relate equations to afamiliar context, so that they can make
conclusions about how the graph, equation, and context fit together. They need to think about what
in the context causes the graph to go through the origin. Why does that make sense? When do
graphs not go through (0,0)? What about the situation causes some other y-intercept to make sense?

Students need to have opportunities to compare and contrast graphs of different functions. Through
rich classroom discussion they develop insights into the important features of graphs and why they
are relevant. They should be comfortable with important properties of graphs. positive or negative
slope, degree of steepness or rate of change, and y-intercept.

Some students had difficulty identifying the graph showing the relationship between the side length
and perimeter of asquare. They could usualy state that the value was increasing by 4's. However
many students saw thisis additive, y=x + 4, rather than multiplicative, y = 4x. They do not see the
relationship between “equal groups’ and multiplication. Some students had difficulty graphing
decimal values. Others had difficulty thinking about how rounding might have effected the values
in the table for circumference. Students need to work with avariety of functions, which should
include those where numbers are not always whole numbers and where rounding might be helpful
to develop a more robust understanding of rounding and growth rates.
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MARS Test Task 2 Frequency Distribution and Bar Graph, Grade 8

Task 2 — Squares and Circles

Mean: 4.21 StdDev: 2.82
Table 41: Frequency Distribution of MARS Test Task 2, Grade 8

Task 2 Student % ator % ator
Scores Count below above
332 14 8% 100.0%

191 234% 85.1%
175 31.2% 76.6%
221 41.1% §3.8%
248 52.2% 538.8%
219 82.0% 47.8%
271 74.1% 338.0%
241 84.8% 25.9%
227 85.1% 15.1%
110 [ 100.0% 4.9%
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Figure 50: Bar Graph of MARS Test Task 2 Raw Scores, Grade 8
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MARS Task 2 Raw Scores
The maximum score available on thistask is 9 points.
The minimum score for alevel 3 response, meeting standards, is 4 points.

Many students, 76%, were able to calculate the perimeter for a square with aside of 57, plot the
point, and draw aline through all the points on the graph. More than half the students, 59%, were
able to find the perimeter, graph point one, connect the line, choose the equation for the square, and
either find the side length or state what was the same between the square and circle graphs. About
1/4 of the students could find the perimeter and side length, draw the lines for squares and circles,
explain why the line for squares was the same as circles, choose an equation to represent the
squares, and state something that was the same about the square and circle graphs. About 5% of the
students could meet all the demands of the task, including explaining why the graphs for squares
went through the origin and finding a significant feature that was different between the square and
circle graph. 15% of the students scored no points on this task. 90% of them attempted the task.
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8" Grade Task 3 Temperatures

Student Understand and interpret statistical graphs and diagrams showing real
Task data. Compare and contrast data sets.

Coreldea5 | Coallect, organize, analyze, and display relevant data.

Data Analysis » Sdlect, create, and use appropriate graphical representations of
data, including box plots and scatterplots.

e Find, use, and interpret measures of center and spread, including
interquartile range.

» Discuss and understand the correspondence between data sets
and their graphical representations, especially box plots and
scatterplots.

Based on teacher observation, thisiswhat eighth graders knew and were able to do:
* |dentify smilarities and differences
* Match the box and whisker plotsto the appropriate states

Areas of difficulty for eighth graders:

* Understanding the distance between upper and lower quartiles as arange of values
represented by the in the box plot
Understanding that the line in the box represents median instead of average
Reading the key incorrectly and therefore confusing Washington and California
Quantifying their reasons for choosing the box and whisker plots
Giving enough detail to eliminate other options
I mplications for I nstruction
Students need exposure to a variety of graphs, including line graphs and box and whisker diagrams.
Students, to be literate in reading and interpreting graphs, should be able to compare and contrast
key statistical features of a graph, such as range, highest and lowest, dope, direction of sope.
Students should understand that the box and whisker diagram divides the data into four equal-size
groups to help the reader understand the distribution of the data points. They should aso
understand the line dividing the box represents the median of the data.

Students need to work with datain context to think about why it might be important to see or think
about the distribution of data. For example, students might look at test scores, ages of people
attending a movie, temperatures for a vacation destination and then discuss what different box and
whisker plots for those choices might represent. The purpose and nuances of box and whisker plots
only becomes clear within asituation. It is aso important for students to think about box and
whisker plots with theidea of large amounts of data. Thereis not so much purpose in
understanding distribution for a small number of data points, which can easily be sorted by a
cursory glance. During discussions, it might be important to ask why might this be useful? How
might it help in making decisions? Students need to connect making, reading, and interpreting
graphs with conveying information and answering questions or making decisions.
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MARS Test Task 3 Frequency Distribution and Bar Graph, Grade 8

Task 3 — Temperatures

Mean: 3.14 StdDev: 2.02
Table 42: Frequency Distribution of MARS Test Task 3, Grade 8

Task 3 Student % ator % ator
Scores Count below above
342 15.3% 100.0%

218 25.1% 84.7%
323 38.5% 74.9%
273 51.7% 80.5%
363 85.0% 43.3%
482 809.5% 32.0%
181 86.7% 10.5%

73 | 100.0% 3.3%
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Figure 51: Bar Graph of MARS Test Task 3 Raw Scores, Grade 8
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MARS Task 3 Raw Scores

The maximum score available for thistask is 7 points.
The minimum score for alevel 3 response, meeting standards, is 5 points.

=

Most students, 85%, could identify one similarity or difference between the temperature graphs for
California and Washington. Many students could describe both a similarity and a difference
between the two graphs. Less than half the students, 32%, could write a similarity and difference,
choose the appropriate box plot to represent Washington and quantify the reason for their choice,
and choose the box plot for California. Less than 5% of the students could pick the months where
the temperatures fell between the upper and lower quartiles and explain how they knew. 15% of the
students scored no points on this task. 63% of the students with this score attempted the task.
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8" Grade Task 4 25% Sale

Student Work with percentage increase and decrease in the context of asae.

Task Develop a mathematical argument on the effects of decreasing price by
25% four times.

Coreldeal *  Work flexibly with fractions, decimals, and percents to solve

Number and problems.

Operation

Coreldea?2 * Formulate conjectures and test them for validity

Mathematical * Verify and interpret results of aproblem

Reasoning

Based on teacher observation, thisiswhat eighth graders knew and were able to do:
e Find the 25% discount
e Findthe saleprice
* Reason about how successive reductions were based on the new price

Areas of difficulty for eighth graders:
» Caculating multiple reductions
*  Organizing work
* Computing in multiplication, division, and subtraction accurately
« Understanding the difference between percentage saved and percentage of original cost

Strategies used by successful students:

* Using proportions

» Converting percents to decimals and multiplying

» Using benchmark percents

e Labeling work
I mplications for I nstruction
Students at this grade level should have a variety of strategies for finding percents. Some
benchmark percents, like 50%, 25%, 33 1/3%, or 20%, should be readily convertible to fraction and
decimal equivalents. At thisgrade level, students should be able to take Simple percentages as
mental math problems and easily be able to solve them in math talks. Consider a problem like 65%
of 84. Students might be able to think that 10% is 8.4. So 60% is48 + 2.4 = 50.4. Then 5% would
be 4.2. Therefore the final answer would be 54.6. Students might also think that 1/4 or 25% of 84
would be 21. So, 75% would be 63. If 10% is 8.4, then 65% would be 63 -8 =55 and 55 - 0.4 =
54.6. Frequent experiences with these types problems hel ps students to build a sense of percents
and a basic idea about relative size. Thisisaway to build agood understanding of the concept
before reaching for more efficient strategies. Combining number talks with models such as the
double bar model or double line model help students to see percents as a measuring or dividing up
of aquantity and gives them atool for thinking about the action of a problem.
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MARS Test Task 4 Frequency Distribution and Bar Graph, Grade 8

Task 4 — 25% Sale

Mean: 2.16 StdDev: 2.56
Table 43: Frequency Distribution of MARS Test Task 4, Grade 8

Task 4 Student | %% ator % ator
Scores Count below above
0 a72 435% 100.0%
1 202 52.5% 56.5%
2 321 86.89% 47.5%
3 183 73.7% 33.1%
- 115 78.8% 26.3%
5 e 83.1% 21.1%
6 148 88.7% 16.9%
7 140 86.0% 10.3%
8 20 100.0% 4.0%
Figure 52: Bar Graph of MARS Test Task 4 Raw Scores, Grade 8
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MARS Task 4 Raw Scores

The maximum score available for thistask is 8 points.
The minimum score for alevel 3 response, meeting standards, is 4 points.

More than half the students, 56%, could discuss why taking 25% off 4 times did not give a price of
“free’. A little less than half the students, 47%, could find the discount in part one and use that to
calculate the sale price. Some students, 26%, could find the sale price, talk about 25% as being on a
new price for each reduction, and calculate the first 3 reductions. 17% of the students could find the
new price after all 4 reductions. 4% of the students could meet all the demands of the task,
including finding the percentage saved after the reductions. Almost 44% of the students scored no
points on this task. 80% of the students with this score attempted the task.
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8" Grade Task 5 Going to Town

Student Interpret and complete a distance/time graph for adescribed situation.
T ask Work with rates in the context of dope.

Coreldea3 Use modelsto solve problemsinvolving quantity and change.
Algebra and * ldentify and describe situations with constant or varying rates of
Functions change and compare them.

e Use proportional reasoning

Coreldea?2 Employ forms of mathematical reasoning and justification
Mathematical | appropriately to the solution of a problem.
Reasoning

Based on teacher observation, thisiswhat eighth graders knew and were able to do:
* Recognize and graph a stop or rest break on atime/distance graph
* Interpret dope asfaster or Sower

Areas of difficulty for eighth graders:

» Using agraph to calculate slope or speed

*  Combining units of time

* Interpreting scale on agraph

« Working from mph to time for ajourney
I mplications for I nstruction
Students should be able to determine rates from looking at time/distance graphs by using division or
extending lines to make unit rates. Students should be ale to think about the relationship between
the steepness of the slope and the speed of travel. Common misconceptions include thinking that a
flat or horizontal line represents a constant speed rather than a speed of zero or that the horizontal
line represents the action “going in astraight line”. Students also confuse steepness of the graph
with going up a hill. Students had difficulty with the distance scale, confusing it with how you
would read a bar graph; so each intersection on the graph equals a new distance traveled. Students
also confused the distance scale with speed. Students need opportunities to make their own graphs
to help them reason about the logic of agraph. A good exercise isto give them a story and have
them graph the action of the story. It isimportant to give them situations where the look on the
graph will be different from the action of a story. For example the distance traveled on aroller
coaster or ferriswheel will not go up or down like the movement of theride, but will continue to
increase with changesin slope.
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MARS Test Task 5 Frequency Distribution and Bar Graph, Grade 8

Task 5— Going to Town
Mean: 1.86 StdDev: 1.85

Table 44: Frequency Distribution of MARS Test Task 5, Grade 8

Task 5 Student | %% ator % ator
Scores Count below above
0 586 26.7% 100.0%
1 516 49.8% 73.3%
2 545 741% 50.2%
3 221 84.0% 25.9%
- 142 804% 16.0%
5 75 83.7% 89.6%
6 71 86.8% 6.3%
7 26 85.1% 3.1%
8 43 100.0% 1.8%
Figure 53: Bar Graph of MARS Test Task 5 Raw Scores, Grade 8
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MARS Task 5 Raw Scores

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

Many students, 73%, could reason about the slope and increased speed in part three of the task. Half
the students could reason about a horizontal line on a time/distance graph as a stop or rest and about
the relationship between slope and speed. Only 1/4 of the students could also graph a stop of 1 hour
on the graph. Less than 20% of the students could calculate the speed for part one. Only 2% of the
students met all the demands of the task, including calculating speed and using speed to calculate
time, graphing information about time and distance, and reasoning about slope in relationship to the
context. Almost 27% of the students scored no points on this task. 50% of the students with this
score attempted the task.
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Figure 8: Overall Freguency Distribution by Total MARS Raw Scores, Course 1

Mean: 18.13 StdDev: 10.32
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Total MARS Raw Scoras

* Total MARS raw scores is the summation of Tasks 1 through 5 on the MARS test
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MARS Test Performance Level Frequency Distribution Table and Bar Graph
2008 - Mumber of Students fested in Course 1: 4047

Table & Frequency Distribution of MARS Test Pedformance Levels, Course 1

Year of Testing
2001 200z 2003
Perf. Lewel 8% at | at least et |% at least %o at % at least
1 27% 100% 18% 100% G65% 100%
2 G2% T8% 1% 2% Z8% 4%
3 15% 16% 20% 2% 5% 6%
4 1% 1% 2% 2% 1% 1%

Table 8 (Cont.): Frequency Distribufion of MARS Test Perfiormancs Levals, Course 1

Year of Testing
2004 2005 2006
Ferf level | a3t [MWafleasi | %haf [eaflessi| Shal 1% af lesst |
1 359% 100% 20% 100% A% 100%
2 35% G1% 21% &0% 20% E3%
3 158% 23% 28% 55% 24% 42%
4 2% A% 28% 28% 18% 18%

Figure 17: Bar Graph of 2006 MARS Test Performance Levels, Course 1
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" Total MARS raw scores is the summation of Tasks 1 through 5 on the MARS test.
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The following figures show the distribution of raw scores with the median represented as a
haorizontal bar in the center of the box, the interquartile range {25 percentile to 75 percentile)
representad by the box, and the exireme values® within a category lie betwesn the highest and
loweest horizontal bars. Groups with Ms of less than § studenis are not reporied.

Figure §.1 Box and whisker plot of Total MARS Raw Scores by Ethnicity

Course: 1
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Eihnicity Groups

Tabde 8.1 Student count for Ethinlerty

Ethnicity Ethnicity Student Count
Groups
100 &rmerican Indian 28
200 AszianiAsian American 1134
200 Facific Islander 7
400 Filipino 210
£00 Hispanic/Latino 1178
200 African American g2
Too White (Mot Hispanic) 1834
Cag Decline to state g4
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Figure 171 Distribution of sampling means by Ethnicity

Course: 1
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Tabda 17.1 Student count for Ethindclty

Ethnicity Ethnicity Student Count

Groups
100 Armerican Indian 26
200 Asian/fsian American 1134
300 Pacific Islander 72
400 Filipino 210
500 Hispanic/Latino 1172
G0a African American 382
700 White (Mot Hispanic) 1834
plaie] Decline fo state B4
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Distribution of sampling means

Course 1
Ethmicity

Im this section, fest scores are compared across different ethinic grou |:-51. Cine way to lock at the group
differences is to study the graphs. If scores from group A are above and do not overdap scores from
group B, then groug A is significantly above group B. Caonversely. if the scores from group A are below
and dao not overlap the scores from group B, then group & is significantly lower than group B, When the
two scores overlap there is no significant difference bebeween the groups.

The mean score of Asian/Asian Amercan students is higher than the mean scores of all other ethinic
groups. The scores of Filiping and White students are not different from one ancther, and are higher than
the scores of Pacific Islander, Hispanic, and African American studenis.

The scores of Hispanic students are higher than mean for African American students. Facific |slander
and African American students are at the low end of the mean scores — significantly lower than
AsianfAsian American, White and Filiping studenis — and their secores are not significantly different from
ane another.

' Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the
.05 level.

Page 235
¢) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@novcefdn.ora.




Figure §.2 Box and whisker plot of Total MARS Raw Scores by Home Language

Course: 1

Total MARS Raw Scores
i

104 1 1

0 1 2 3 4 ] T 8 16 22 M 25 99
Homa language Groups

Tabla 8.2 Student count for Home Languags

Home Home Language Student
Language Coumnt
Group
0 English 31856
1 Spanish 813
2 Vietnamese 74
3 Canionese 1448
4 Korean a0
5 Filipinio Fil:,
Fi Mandarin 243
d Japansse 2d
18 Farsi 28
23 Hind 27
28 Pumnjahbi 17
28 Russian 24
pls CithersiUnknown 308
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Total MARS Raw Soone s
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Figure 172 Distribution of sampling means by Home Language

Course: 1
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Tabla 17.2 Studant count for Home Languags

Home Home Language Student
Language Count
Group
] English 21248
1 Spanish g813
2 Vietnamess 74
3 Cantonese 146
4 Horean alk
] Filipino Ta
T Mandarin 243
= Japansse 248
18 Farsi 20
22 Hindi 27
28 Pumjabi 17
28 Russian 24
25 CrthersfUnknonem 308
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Distribution of =ampling means
Course 1
Home Language

Im this section, test scores are compared across groups of students wiho speak different languages at
home. One wiay to look at the group differences is to study the graphs. If scores from group A are
abowe and do not overlap scores from group B, then group A is significantly above group B. Conversely,
if the scores frorn group & are below and do not overlap the scores from group B, then group A is
significanily lower than group B. When the two scores overlap there is no significant difference betwaen
the groups.

The comparison by home language is complex because there are 12 language groups with large enough
numkb=rs in the data set to ke included in the analysis. This section summarizes some of the key points in

terms of significant differences among home language groups.

The students whio speak Mandarin at home have significanily higher score means than all of the other
home language groups except Japanese (not significant). Students who speak Yietnamess, Cantoness
or Korean at home had higher mean scores than students who speak English, Spanish or Punjabi at
home, but lower scores than Mandarin speakers.

Students who speak English at home have a mean score that is higher than those of Spanish speakers,
but lower than Mandarin, Korean, Vietnamese and Japanese-speakers. The students who speak Filiping,
Vistnamese, Farsi, Hindi or Russian at home have higher mean scores than Spanish-speakers, but lower
miean scores than many of the highest-scoring language groups (e.g. Mandarn, Canfonesse, and
Japaness).

The students whio speak Spanish at home have the lowest mean score, significanily lower than all other
home language groups except Punjabi (not statistically significant).

2 Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 8.2 Box and whisker plot of Total MARS Raw Scores by Parent Education

Course: 1
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Tabide 8.3 Studant count for Parent Edwcation

Parent Parent Education Student
Education Count
Group
10 Graduate School 1087
11 College graduate 1377
12 Some college 1021
13 High School graduate 7ig
14 Mot a high school graduats 426
15 CithersiUnknowm 404
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Figure 17.3 Distribution of sampling means by Farent Education
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Tabla 17.3 Student count Tor Parant Education

Parent Parent Education Student
Education Count
Group
10 Graduate Schoaol 1087
11 College graduste 1377
12 Some college 1021
13 High School graduate 718
14 Mot a high school graduate 4268
15 CfhersiUnknown 404
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Distribution of sampling means
Course 1
Parent Education

Im this section, test scores are compared across groups of students with different levels of parent
education®. One way to lock at the group differences is fo sludy the graphs. I scores from group A ars
above and do not overlap scores from group B, then group A is significantly above group B. Conversely,
if the scores from group A are below and do not overlap the scores from group B, then group A is
significanily lower than group B. When the two scores overlap thers is no significant difference betweaen

the groups.

The score means for groups whose parents had different levels of education fall as expected, with
students whoss parents have higher levels of aducation hawving statistically higher mean scores than
students whoss parents have lower levels of education. The scores of students whose parents have a
graduate school education are higher tham all other groups, followed by students whose parents are
caollege graduates. Students whose parents have some college education hawve higher scores than
students whose parents are high school graduates. Finally, the scores of students whose parents are not
high school graduates are significantly lower than the scores of students in all other parent education
categories.

® Overall comparisons were made using an Analysis of Varnance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 8.4 Box and whisker plot of Total MARS Raw Scores by Gender
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Table 8.4 Student count for Gandsr

Gender Student Count

Female 2518
Male 2512
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Figure 17.4 Distribution of sampling means by Gender

Course: 1

k4

Total MARE Raw Scofes

Gendar

Tabla 17.4 Studant count Tor Gendar

Gender Student Count
Female 25138
Male 2512
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Distribution of sampling means
Course 1
Gender

Im this section, test scores are compared across genders". Cine way o look at the group differences is o
study the graphs. If scores from group A are above and do not overlap scores from group B, then group
A is significantly above group B. Conversely, if the scores from group A are below and do not overlap the
sgores from group B, then group A is significantly lower than group B. When the two scores overlap there
i no significant difference between the groups.

The difference in mean scores for males and females is not statistically significant.

4 Overall comparisons were made using an Analysis of Varnance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 lavel.
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Figure 8.5 Box and whisker plot of Total MARS Raw Scores by Language Fluency

Course: 1
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Tabls 8.5 Student count for Language Flusncy

Language Language Flusncy Student
Flusncy Count
Group
1 English only 3138
2 Initially Flueni (I-FEF) a4
3 English Learnsr 40
4 ReDesignated {(F_FEF] T4g
g Unknown 10
Page 245

¢) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@novycefdn.ora.




Figure 17.5 Distribution of sampling means by Language Flusncy

Course: 1
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Tabia 17.5 Student count for Languags Flusncy

Language Language Fluency Student
Flusncy Count
Group
1 English anly 3138
2 Initialty Fluent (I-FEF) S84
3 English Learnsr 544
4 ReDesignated (F_FEFP) 749
] Limkronam 10
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Distribution of =ampling means

Ciourse 1
Languagse Flusncy

Im this section, fest scores are compared across different English language proficiency gruupsf. One way
to look at the group differences is to study the graphs. If scores from group A are above and do not
owverlap scores from group B, then group A is significantly above group B. Conversely, if the scores from
groug A are below and do not overlap the scores from group B, then group A is significantly lower than
group B. When the two scores overlap there is no significant difference betwesen the groups.

Siudenis who are classified as FEP have a higher mean score than any other group, and English learners
are significantly lower than everyone except "Unknown”. The mean scores of English only and R-FEFP
students are not significantly different from each other.

® Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Course One/Algebra Task 1 Swimming Pool

Student Task | Work with trapezoids, volume, rates and time graphs in the context of
a swimming pool.

Coreldea4d Under stand measurable attributes of objects, and understand the

Geometry & units, systems, and process of measur ement.

M easur ement

Coreldea3 e Approximate and interpret rates of change, from graphic and

Alg. Properties numeric data.

&

Representations

Coreldeal « Analyze functions of one variable by investigating local and

Functionsand global behavior, including slopes as rates of change, intercepts

Relations and zeros.

Based on teacher observation, thisiswhat algebra students knew and were able to do:

= Students were able to convert from seconds to hours, but were unsure what to do

with the decimal

Areas of difficulty for algebra students:
= Finding volume of an unfamiliar shape

¢) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
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Composing/ decomposing a shape into familiar parts
Confusing a state rate of water flow with a steady rise in the depth of the pool
Confusing the shape of the pool with the shape of the graph

Not recognizing that after 5 feet the depth would increase at a steady rate
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Implications for I nstruction

Students need more experience with spatial visuaization, including composing and decomposing
geometric 2- and 3-dimensional shapes. By 7" and 8" grade students should start to work with
taking dices of 3-dimensional shapes and being able to draw and measure those dices. Students
need to think about rotations and flips of 3-dimensional shapes.

An important idea for solving geometric problemsis the idea that lines can be added to 2-
dimensional shapes or that extra shapes can be combined with 3-dimensional shapes. This ability to
add on helps the problem solver find and use knowledge about more familiar shapes.

As students move into algebra, they should be pushed to generalize about geometric formulas; for
example, moving from volume of arectangular prismis*“l x w x h” to thinking about volume as the
area of the base times the height. This generalization can then apply to awide variety of shapes,
like cylinders and triangular prisms. A large piece of algebraic thinking is devel oping mathematical
justification in words, diagrams, and symbols. Students should be able to connect the various
representations.  Students, at the algebralevel, should aso be encouraged to justify why formulas
work; how do the various parts of the formularelate to the geometric context. Students should be
able to make a strong case for why, when finding the area of atriangle, the length timeswidthis
divided by 2, or why when finding the area of atrapezoid the two bases are divided in two.

As students move through an algebra course they should have frequent experiences graphing
functions of real-life contexts, such as time/distance graphs. Students need to see that graphs
represent something different from the shape of object. For example, the graph of the height of a
car on aferriswheel over timeisnot acircle, but apeak shape, with a steady increase and decrease.
Students need to discuss common misconceptions like thisin order to see why these ideas are
incorrect. Possible activities might include explaining the story of agraph, or given a story make a
graph without the scale. Good examples can be found in the Language of Functions published by
the Shell Centre.
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MARS Test Task 1 Frequency Distribution and Bar Graph, Course 1

Task 1 — Swimming Pool

Mean: 1.67 StdDev: 1.95
Table 45: Freqguency Distribution of MARS Test Task 1, Course 1

Task 1 Student | %% ator % ator
Scores Count below above
0 2120 431% 100.0%
1 655 56.3% 56.9%
2 747 714% 43.7%
3 528 82.3% 28.6%
4 240 87 1% 17.7%
5 428 85.8% 12.9%
6 70 87.2% 42%
7 114 89.5% 2.8%
8 25 100.0% 0.5%
Figure 54: Bar Graph of MARS Test Task 1 Raw Scores, Course 1
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MARS Task 1 Raw Scores

The maximum score available on thistask is 8 points.
The minimum score for alevel 3 response, meeting standards, is 5 points.

L ess than half the students, 43.7%, knew to divide by 360, to change seconds to hours, and could do
the calculation accurately. Some students, about 29%, could convert this answer to standard
notation of hours and minutes by successfully changing the decimal from 0.625hrs. to 37.5 minutes.
Only 13 % could make the conversion and then either find the volume of the pool or pick the
correct graph with a partial explanation of why it was correct. Lessthan 1% of the students could
meet all the demands of thistask, including finding the volume of atrapezoidal prism and
explaining how a graph of time and depth matches the situation of water filling the pool. 43% of
the students scored no points on this task. 90% of the students with a score of zero attempted the
task.
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Course One/Algebra Task 2 Odd Sums

Student Work with odd, even and consecutive numbers. Make and justify
Task conjectures about consecutive numbers.

Coreldea?2 Employ forms of mathematical reasoning and proof appropriateto
Mathematical | the solution of the problem, including deductive and inductive
Reasoning reasoning, making and testing conjectures and using
counterexamples and indirect proof.

*  Show mathematical reasoning in a variety of waysincluding
words, numbers, symbols, pictures, charts, graphs, tables,
diagrams, and models.

« Draw reasonable conclusions about a situation being model ed.

Based on teacher observation, thisiswhat algebra students knew and were able to do:
= Give examplesto fit constraints using consecutive numbers
» Understand definitions of odd numbers, even numbers, and consecutive numbers
= Knew ruleslike an odd number plus and even number equals an odd number
Areas of difficulty for algebra students:
= Using agebrato make judtifications
= Giving aprocess for finding the consecutive numbers rather than making ajustification
= Noting the pattern of multiples of threein part four, rather than the more specific pattern of
multiples of six
= Giving an explanation about the three consecutive numbersin part 4, instead of giving arule
for how to tell if the answer could be written as the sum of 3 consecutive numbers
I mplications for I nstruction
Students need more practice with the logic of proof and justification. Students should be able to
reason about the structure of number or use algebra to explain why numerical patterns work.
Students need frequent opportunities to conduct number experiments, organize their data, and make
and justify their conjectures. Logic is learned and honed through practice and discourse. Students at
this level should also be encouraged to apply the algebraic skills they are acquiring to their
justifications.

L ooking at problems, such as the many guess my number tricks, is one example where students
might use algebrato justify why the number always works. The 2003 Course One Task: Criss
Cross Numbers or Number Towers, are also good to get students to apply symbolic notation to
making a justification.

Fostering Algebraic Thinking, by Mark Driscoll, isan excellent resource for problemsto help
students develop their logical reasoning skillsin number theory, generalizing from arithmetic, and
looking at functions.

Ask your coach for a copy of the Problem of the Month, Squirreling It Away. Seeif your students
can work their way up to level E, making a generalization.
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MARS Test Task 2 Frequency Distribution and Bar Graph, Course 1

Task 2 —Odd Sums

Mean: 4.09 StdDev: 2.34
Table 48: Freqguency Distribution of MARS Test Task 2, Course 1

Task 2 Student | %% ator % ator
Scores Count below above
0 523 10.6% 100.0%
1 303 16.7% 80.4%
2 417 251% 83.3%
3 3580 322% 74.9%
= 1583 64 2% 67.8%
5 174 87.7% 35.8%
6 205 86.0% 32.3%
7 116 88.4% 14.0%
8 575 100.0% 11.6%
Figure 55: Bar Graph of MARS Test Task 2 Raw Scores, Course 1
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MARS Task 2 Raw Scores

The maximum score available on thistask is 8 points.
The minimum score for alevel 3 response, meeting standards, is 4 points.

Most students, 83%, could find examples of consecutive numbers to make 15 and 99. More than
half the students could also give examples of three consecutive numbers that equaled an even sum.
About one-third of the students could give arulefor telling if an even number could or could not be
written as the sum of 3 consecutive numbers. Almost 12% of the students could meet al the
demands of the task, including explaining why all odd numbers can be written as the sum of two
consecutive numbers. Almost 11% of the students scored no points on this task. 83% of the
students with this score attempted the task.
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Course One/Algebra Task 3 Patchwork Quilt

Student Recognize and extend a number pattern for a geometric pattern. Express
Task arule using algebra. Use inverse operations to solve a problem.
Coreldeal Under stand patterns, relations, and functions.

Functions * Generalize patterns using explicitly defined functions.

and Relations * Understand relations and functions and select, convert flexibly

among, and use various representations for them.
* Recognize and generate equivaent forms of simple algebraic
expressions and solve linear equations.

Based on teacher observation, thisiswhat algebra students knew and were able to do:
= Extend the pattern to five and explain how they got their answer, usually noting the growth
rate of 5.
=  Work backwards to find the number of black hexagons needed for 66 white hexagons.

Areas of difficulty for algebra students:
= Writing arule or formula
» Understanding the difference between arecursive rule and a generalized rule
» Understanding that a variable is not the same as a label
= Understanding how the first termis different or how the constant effects the progression of
the pattern
= Expressing ideas in symbolic notation
= Order of operations

Implications for I nstruction

Students at this mathematical level would benefit from working a variety of problemsin context to
help them quantify ideas in symbolic notation and gain a clearer understanding of the purpose and
meaning of variables. Students need to see the usefulness of variables in solving problems.
Working a mechanical procedure for solving an equation is quite adifferent skill from expressing
an ideain the language of algebra.

Context of pattern problems allows students to search for generalizations and use the context to
justify why the generalization holds true for all cases. One of the big mathematical ideas and
purpose for algebrais to be able to make and prove generalizations.

Students at this grade level should be doing detailed investigations to explore proportions and
functions to understand the properties of both. How are they the same? How are they different?
Context makes these similarities and differences more apparent.

Consider a proportional situation, such as t-shirts cost $5 apiece. The table for this proportional
relationship (5x) might look like:

1 2 3 4 5 6

5 10 15 20 25 30
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Then it would be quite valid mathematically to take the second term (10) and multiply it by 3 to get
30 or add the 4™ term + the 4™ term + 3" term to equal the 11" term (20+20+15 = 55 or 5 (11)= 55).
However, thisreasoning is not valid for functions with a constant. Students try to make
generalizations such as these about patterns from work with proportion situations and don’t realize
that the procedures will not work for all patterns.

However for apattern like Patchwork Quilt, or the 5™ grade task: Toothpick Houses, both of which
grow by 5's, the rules of proportions don’t work. See the work of student E and F.

Student E

o =l 1l %
2. L‘m.dsay makes a table to show the number of toothpicks needed to make
different numbers of houses in a row.

Number of houses 1 2 3 4 5 ' (5)

Number of toothpicks | 6 | 11 [ 16 | ) '

How many toothpicks are needed to make four houses in a row?
Write your answer in Lindsay’s table.

(N

3. How many toothpicks are needed to make six houses in a row?
Explain how you figured it out.
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Student F

Six toothpicks make one house, eleven toothpicks make two l{ju es, and suuccn
toothpicks make three houses. ay\ 0$ 3
\

1. Draw a diagram to show four houses in a row.

2. Lindsay makes a table to show the number of toothpicks needed to make
different numbers of houses in a row.

Number of houses 1 2 3 4 5 6

Number of toothpicks | 6 | 11 | 16 | 7|

5. Lindsay says, “I need 55 toothpicks to make 11 houses in a row."”
Lindsay is wrong. Explain why she is wrong
| wlr oN® he ~alrse

\ o \) 0>a n
A IR 2
55 +QQ’\’Y\31Q K0y

How toothpicks does Lindsay need to mgke 11 houscs in a row?
B

7 \‘/ ’\ \ EE_*CW\;K\Q

A

)

Exploring the properties of proportions and functions with constants should also include a
comparison of their graphs. Students should be asked what the constant represents in the context of
the problem to help them understand why it can’t be repeated.

Page 255
¢) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@novycefdn.ora.




MARS Test Task 3 Frequency Distribution and Bar Graph, Course 1

Task 3 — Patchwork Quilt

Mean: 4.56 StdDev: 2.89
Table 47: Frequency Distribution of MARS Test Task 3, Course 1

Task 3 Student % ator % ator
Scores Count below above
0 632 12.8% 100.0%
1 251 17.8% 87.2%
2 658 31.2% 82.2%
3 373 38.7% §38.8%
4 643 51.7% §1.3%
5 157 54 9% 43.3%
6 567 86.3% 45.1%
7 228 70.8% 33.7%
8 1428 100.0% 290.1%
Figure 56: Bar Graph of MARS Test Task 3 Raw Scores, Course 1
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MARS Task 3 Raw Scores

The maximum score available on thistask is 8 points.
The minimum score for alevel 3 response, meeting standards, is 5 points.

Most students, 82%, can extend the pattern to 6 black hexagons and explain how they figured it out.
More than half the students, 61%, could extend the pattern to 6 black hexagons and work
backwards from the number of border tiles to the number of black tiles, giving explanations for
both. Almost half the students, 48%, could do some correct reasoning for extending the pattern to
77 black hexagons, but they may have made calculation errors. 29% of the students could meet all
the demands of the task including writing an algebraic formulafor extending the pattern to any
number of black tiles. 13% of the students scored no points on thistask. 89% of the students with
this score attempted the task.
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Course One/Algebra Task 4 Printing Tickets

Student Task | Compare price plans using graphs and formulae. Use inequalitiesin a
practical context of buying tickets.

Coreldea3 Represent and analyze mathematical stuationsand structures
Alg. Properties | using algebra.
& * Write equivalent forms of equations, inequalities and systems
Representations of equations and solve them
e Usesymbolic algebrato represent and explain mathematical
relationships

e Judge the meaning, utility, and reasonableness of results of
symbolic manipulations

Based on teacher observation, thisiswhat algebra students knew and were able to do:
=  Write an equation for Best Print
= Draw agraph to match their equation
= |nterpreting graphs of two equations to determine best buy under different conditions

Areas of difficulty for algebra students:
= Understand how to use symbolic notation to represent a context
» Find atable of values before drawing agraph
» Using agebrato solve for 2 equations with 2 unknowns
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Implications for I nstruction

Students at this level need more opportunities to use algebra in a practical situation. Students
should have practice making a table of values to help them graph equations. They should also
understand how a constant effects the graph and be able to use the formula to think about slope.

Some students at this level are still struggling with understanding the meaning of
variables. They see the letters or symbols as standing for labels. Others think that an
eguation is only for finding one specific value. They don’'t understand that the letter
represents a quantity that can vary or change. Students need more experience with
solving problems in context that promote discussion about how the variable may
change and why. They need to connect the equation to a wide range of possibilities,
to arepresentation of a more global picture of a situation. These nuances do not come
through practice with just symbolic manipulation.

A few students struggle with the basic algebraic notation around order operations,
combining algebraic fractions and whole numbers, and solving equations with
divisors or fractional parts.

There are many situations where it isimportant to find the breakeven point or place
where two functions intersect. Students should be familiar with these types of
situations and be comfortable setting the two equations to equal each other. These
problems might include choosing the best rate for a gym membership, picking a cell
phone plan, or ways to price a store item with different costs having different
volumes of sales.

(See MAC tasks — 2003 6™ Grade: Gym, 2005 8™: Picking Apples)
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MARS Test Task 4 Frequency Distribution and Bar Graph, Course 1

Task 4 — Printing Tickets

Mean: 2.70 StdDev: 3.14
Table 48: Frequency Distribution of MARS Test Task 4, Course 1

Task 4 Student % ator % ator
Scores Count below above

0 1083 38.7% 100.0%
1 7T 554% 80.3%
2 207 58.8% 44.6%
3 372 87.1% 40.4%
- 15 70.2% 32.9%
5 332 76.8% 20.5%
6 180 79.8% 23.1%
7 488 89.4% 20.1%
8 104 81.5% 10.6%
g 421 100.0% 5.5%
Figure 57: Bar Graph of MARS Test Task 4 Raw Scores, Course 1
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MARS Task 4 Raw Scores
The maximum score available on thistask is 9 points.
The minimum score for alevel 3 response, meeting standards, is 4 points.

More than half the students, 60%, could write an equation to represent the cost of buying tickets at
Best Print. Almost half the students, 40%, could aso graph the cost of Best Print. Some students,
could find when it was cheaper to use Best Buy or Sure Print. 8.5% of the students could meet all
the demands of the task including using agebrato find the point where the costs for Best Buy and
Sure Print are the same. Almost 40% of the students scored no points on this task. 90% of the
students with this score attempted the task.
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Course One/Algebra Task 5 Graphs

Student Task | Relate line graphsto their equations.

Coreldea 3 Alg. | Represent and analyze mathematical situationsand structures

Properties & using algebraic symbols.

Representations e Understand the meaning of equivalent forms of expressions,
equations, inequalities, or relations

* Write equivalent forms of equations, inequalities, and systems
of equations and solve them

Coreldeal « Analyze functions of one variable by investigating local and
Functionsand global behavior, including slopes as rates of change, intercepts
Relations and zeros.

Based on teacher observation, thisiswhat algebra students knew and were able to do:
= Students could identify the origin
= Students could identify the equation x +y =9
= Students could identify the equationy = 1/2 x
= Students could give the coordinates for the intersection of y=6 and x = 6
Areas of difficulty for algebra students:
= Confusing the order of x any in acoordinate pair
= Recognizing the solutions for simultaneous equations
= Writing an equation for aline through a given point
I mplications for I nstruction
Students need more work with coordinate graphs and plotting points. Students at thislevel are still
confusing x an y; for example choosing the line y= 0 foe x = 0. They may need more experience
with making atable of values and plotting points in order to verify the graphs of lines. They didn’t
seem to use substitution of valuesto verify if the ordered pair would match their equation. They had
difficulty finding the intersection of the equations on a graph.
» |sthere some piece of conceptual understanding that gets missed if students don’t get
enough hands on experience before jumping to graphing calculators?
= How can you interview students or set up an experiment to find out what they understand
about the connections between equations and graphs?
= How does understanding the intersection of two equations relate back to Printing Tickets?
= When teaching finding the solution to simultaneous equations is enough emphasis put on the
meaning of the intersection or the connection between the solution and the graphs of the
equations? How does context help to illuminate this significance?
= How does understanding the graphs of lines help students to devel op a better understanding
of theidea of avariable, something that can change or vary? What contexts help to support
students’ development of this big mathematical idea?
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MARS Test Task 5 Frequency Distribution and Bar Graph, Course 1

Task 5 - Graphs

StdDev: 2.36
Table 48: Frequency Distribution of MARS Test Task 5, Course 1

Mean: 3.10

Task 5 Student | %% ator % ator
Scores Count below above
0 732 14 8% 100.0%
1 574 32.5% 85.2%
2 720 484% 67.5%
3 585 80.3% 51.6%
- 488 89.7% 30.7%
5 425 78.3% 30.3%
6 378 86.0% 21.7%
7 685 100.0% 14.0%
Figure 58: Bar Graph of MARS Test Task 5 Raw Scores, Course 1
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MARS Task 5 Raw Scores

The maximum score available on thistask is 7 points.
The minimum score for alevel 3 response, meeting standards, is 3 points.

=l

g

Most students, 85%, could identify the origin and theline x + y =9. About half the students could
also identify theliney = 1/2 x. Some students, about 35%, could aso identify the lines x= 0 and
y =0andx + 6. 14% of the students could meet all the demands of the task including identifying
the ssmultaneous solution for x +y =9, giving the coordinates for the intersection of y=6 and x=6,
and writing the equation for aline going through (3,6). Almost 15 % of the students scored no

points on this task. 57% of the students with this score attempted the task.
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Figure 9: Overall Frequency Distribution by Total MARS REaw Scores, Course 2

Mean: 2048 StdDev:9.71
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Total MARS Raw Scores

* Tatal MARS raw scores is the summation of Tasks 1 through 5 on the MARS test.
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MARS Test Performance Level Frequency Distribution Table and Bar Graph
2006 - Humber of Students tested in Course 2: 731

Table 2; Frequency Distribution of MARS Test Peformance Levels, Course 2

Wear of Testing

2001 2002 2003
Perd. Level % af % at leasi o at % at leasi %o at % at least
L 3% 100% 44%, 100% 25%0 100%
2 2% 8% 40% 58% 38% TH%
3 14% 18% B% 18% 23% 7%
4 2% 2% 8% 8% 14% 14%

Table 8 {Cont.): Frequency Distribution of MARS Test Performance Levels, Course 2

“ear of Testing

2004 2005 2006
FPer. Level %o at % at leasi % at % at l=asi %% at % at least
1 3% 100% 22% 100% 18% 100%
2 2T% 2% 18% T8% 25%0 21%
3 25% ST % i 50% 28% 58%
4 38% 38% 30% 30% 28%0 28%

Figure 18: Bar Graph of 2008 MARS Test Performancs Levels, Course 2
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* Tatal MARS raw scores is the summation of Tasks 1 through & on the MARS test.
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The following figures show the distribution of raw scores with the median represented as a
haorizontal bar in the center of the box, the interquariile range (25 percentile to 75 percentile)
representad by the box, and the extreme values® within a category lie betaesn the highest and
lowest horizontal bars. Groups with Ns of less than § studenis are not reporied.

Figure 9.1 Box and whisker plot of Total MARS Raw Scores by Ethnicity
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Table 5.1 Student count for Ethinletty

Ethnicity Ethnicity Student Count
Groups

200 Azianifsian Amernican 2
200 Facific Islander 5

400 Filipinz 18
£00 Hispanic/Lating 43
200 African American 17
700 White (Mot Hispanic) 217

* Extremes are cases with values more than three box lengths from the upper or lower edge of the box.
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Figure 181 Distribution of sampling means by Ethnicity

Course: 2
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Talbbs 18.1 Student count for Ethniclty
Ethnicity Ethinicity Student Count
Groups
200 Lcianflsian American 32
300 Facific Islander 5
400 Filipino 18
500 Hispanic/Latine 43
&00 &frican American 17
700 White (Mot Hispanic) 218
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Distribution of sampling means

Course 2
Ethnicity

Im this section, test scores are compared across different ethinic grou |:-51. Cne way fo lock at the group
differences is to study the graphs. |f scores from group & are above and do not overdap scores from
growug B, then groug A& is significanthy abowve group B. Conversely, if the scores from group A are below
and do not overap the scores from group B, then group A& is significantly lower than group 8. When the
two scores owverlap there is no significant difference beteeen the groups.

The scores of AsiandAsian American students are significantly higher than the scores of students from all
ather ethnic groups. Aside from that there are not many significant differences among means for ethinic
groups in the Course 2 data. The scores of Hispanic students are lower than those of White students (in

addition to being lower than the Asian/&sian American mean score).

' Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.

Page 266
¢) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@novcefdn.ora.




Figure 9.2 Box and whisker plot of Total MARS Raw Scores by Home Language
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Tabla 3.2 Student count for Home Languags

Home Home Language Student
Language Coumnt
Group
L English 373
1 Spanish 14
2 Vietmamess 20
3 Caniocnese 27
4 Kiorzan i3
7 Mandarin a0
22 Hind 2
28 Pumjabi i
g Crthers/Unknown bals
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Figure 18.2 Distribution of sampling means by Home Language
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Tabla 18.2 Studant count for Home Language

Home Home Language Student
Language Count
Group
1] English 373
L Spanish 14
2 Vietnamess 20
3 Cantonese 27
4 Korean 13
T Mandarin B0
22 Hindi a
28 Punjabi T
e Cfhersinknown 5d
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Distribution of =ampling means
Course 2
Home Language

In this section, iest scores are compared across groups of students who speak different languages at
home. One wiay to lock at the group differences is to study the graphs. If scores from group A are
abowe and do not overlap scores from group B, then group A is significantly above group B. Conversely,
if the scores from group & are below and do not overlap the scores from group B, then group A is
significanily lower than group 8. When the two scores averlap thers is no significant difference betwaen

the groups.

The mean score for students who speak Mandarin at home is higher than the scores of English and
Spanish-speakers. Students who speak English, Cantonese or Korean at home also have higher mean

scores than students who speak Spanish at home.

2 Qverall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.
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Figure 2.2 Box and whisker plot of Total MARS Raw Scores by Parent Education

Course: 2

Tadal MARS Raw Soares
'l

10 11 12 13 14 15
Parent Education Groupe

Tabile 3.3 Student count for Parent Education

Parent Parent Education Student
Education Count
Group
10 Graduate School 273
11 College graduate 185
12 Some college 81
13 High School graduate 40
14 Mot a high school graduats 12
15 CrthersfUnknown 15
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Figure 18.3 Distribution of sampling means by Parent Education

Course: 2
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Tabls 18.3 Student count for Parant Education

Parent Parent Education Student
Education Count
Group
10 Graduate School 273
11 College graduate 185
12 Some college 81
13 High School graduate 40
14 Mot a high school graduats 12
15 CrthersiUnknown 15
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Distribution of =ampling means
Ciourse 2
Parent Education

Im this section, test scores are compared across groups of students with different levels of parent
education’. One way to look at the group differences is to study the graphs. If scores from group A ars
above and do not overap scores from group B, then group A is significantly above group B. Conversely,
if the scores from group A are below and do not overlap the scores from group B, then group A is
significanily lower than group B. When the two scores overlap thers is no significant difference betweaen
the groups.

Studenis whose parents have higher levels of education fypically have statistically higher mean scares
than students whose parents have lower levels of education. For Course 2, however, the mean for
students whose parents did not graduats from high school is not statistically different from any other
groug. The scores of students whose parents have a graduate school education are higher than all the
remaining groups, followed by students whose parents are college graduates. The mean score of
students whose parents have some college education are not significanthy higher scores than the meaan
sgore of students whose parents are high school graduates.

® Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 lavel.
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Figure 9.4 Box and whisker plot of Total MARS Raw Scores by Gender
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Table 3.4 Student count for Gander

Gender Student Count
Famale 312
Male S0
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Figure 18.4 Distribution of sampling means by Gender

Course: 2
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Tabla 15.4 Stwdant count for Gander

Gender Student Count
Female 2
Male 304
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Distribution of sampling means
Course 2
Gender

In this section, test scores are compared across genders‘. One way fo look at the group differences is to
study the graphs. If scores from group A are above and do not overlap scores from group B, then group
A is significantly above group B. Conversely, if the scores from group A are below and do not overlap the
scores from group B, then group A is significantly lower than group B. When the two scores overlap there
is no significant difference between the groups.

The difference in mean scoras for males and females is not statistically significant.

4 Overall comparisons were made using an Analysis of Varnance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 lavel.
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Figure 9.5 Box and whisker plot of Total MARS Raw Scores by Language Fluency

Course: 2
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Tabla 5.5 Student count for Language Flusncy

Language Language Fluency Student
Flusncy Count
Group
1 English only ars
2 Initially Flusnt (I-FEP) 134
3 English Learnsr 14
4 ReDesignated (R_FEP) g3
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Figure 18.5 Distribution of sampling means by Language Fluency

Course: 2
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Tabia 18.5 Student count for Language Flusncy

Language Language Fluency Student
Flugncy Count
Group

1 English cmly 75

2 Initially Fluent (I-FEP) 134

3 English Learner 14

4 RelDesignated (R_FEP] 23
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Distribution of sampling means
Course 2
Languags Flusncy

Im this section, fest scores are compared across different English language proficiency gruupsf. One way
to look at the group differences is to study the graphs. If scores from group A are above and do not
overlap scores from group B, then group A is significantly above group B. Conversely, if the scores from
group A are below and do not overlap the scores from group B, then group A is significantly lower tham
group B, When the two scores overlap there is no significant difference between the groups.

The students classified as FEF have a significantly higher mean score tham English only students and
English lzarners but the scores are not statistically different from the mean score for R-FEP siudents.
Imd=ed, the mean for B-FEF students is not significanily different from the mean of any other group.

® Overall comparisons were made using an Analysis of Vanance (ANOVA) test. Comparisons between
the groups were made using Tukey's honestly significant difference. All differences were significant at the

.05 level.

Page 278
¢) Noyce Foundation 2006. To reproduce this document, permission must be granted by the Noyce Foundation:
info@novcefdn.ora.




Geometry Task 1 London Eye

Student Task | Find the lengths and speeds on a rotating wheel. Reason about the
relationship between function of speed and its graph over time.

Geometry & Analyze characteristics and properties of two- and three-

M easur ement dimensional geometric shapes, develop mathematical arguments
about geometric relationships, and apply appropriate techniques,
tool, and formulasto deter mine measurements.

Algebraic Recognize and use equivalent graphical and algebraic representations.
Propertiesand
Representations

I mplications for I nstruction

Students at this grade level need more work with problems in context, where they need to reason
about the information given and reason about which part of the geometrical figurerelatesto the
solving the problem. Itisone think to ook at a problem in atext book about finding the
circumference or 1/4 of the diameter, but the visualization to determine how far arider ismoving in
terms of total distance and distance from the ground is quite different. Students need to be able to
apply the mathematics they arelearning in practical settings.

Students should be routinely using diagrams to help them make sense of what they know and what
they need to find out. They need to be able to decompose shapes into relevant parts and how they
correspond to the context of the problem. Other problems involving decomposing diagrams include:
2001 Course 2: Writing Desk and 2005 Course 2: Pipes.

Students at this grade level should be able to understand and use speed and time graphs. They
should understand that the shape of the graph is not the same as the action in the context. Students
should understand the relationship between slope and speed.
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MARS Test Task 1 Frequency Distribution and Bar Graph, Course 2

Task 1 —London Eye

Mean: 5.17 StdDev: 1.84
Table 50: Frequency Distribution of MARS Test Task 1, Course 2

Task 1 Student % ator % ator
Scores Count below above
23 3.1% 100.0%

8 42% 86.9%
48 10.8% 85.8%
40 16.3% 80.2%

122 33.0% 83.7%
106 47 5% 87.0%
150 85.0% 52.5%
224 | 100.0% 32.0%
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Figure 59: Bar Graph of MARS Test Task 1 Raw Scores, Course 2
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The maximum score available for thistask is 7 points.
The minimum score for alevel 3 response, meeting standards, is 4 points.

Most students, 95%, could find the circumference of the wheel and show their calculations. Many
students, 84%, could find the circumference of the wheel and identify the graph that matched the
speed and time of the London Eye, including an explanation for choosing the graph. More than half
the students, (52%), could aso calculate the speed of wheel. 32% of the students could meet all the
demands of the task, including finding the height of the wheel after 1/4 of the ride had been
completed. Only 3% of the students scored no points on the task. 75% of students with that score
attempted the task.
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Geometry Task 2 Hopewell Geometry

Student Task | Work with the Pythagorean Rule, angles and similarity in given triangles.
Write ajustification for whether or not atriangle in a diagram has aright
angle.

Coreldea?2 Employ forms of mathematical reasoning and proof appropriateto the
Mathematical | solution of the problem, including deductive and inductive reasoning,
Reasoning making and testing conjectures and using counter examples and

and Proof indirect proof.

Coreldea3 | Analyzecharacteristicsand properties of two- and three-dimensional
Geometry & | geometric shapes; develop mathematical arguments about geometric
Measurement | relationships; and apply appropriate techniques, tool, and formulasto
deter mine measur ements.

I mplications for I nstruction

Students at this grade level should frequent opportunities to apply their knowledge to problem-
solving situations. Students need opportunities to work with rich problems where they can pull
from avariety of tools (in this case Pythagorean theorem and trig functions) to make justifications.
Students should be given to share their and compare their justifications so they learn the logic of
what makes a convincing argument. Students should see the variety of ways that a diagram can be
used to helped track what is know and what needsto be calculated. Inworking with Pythagorean
theorem, students need to understand not only how to use the formula, but connect the calculations
to basic ideas such as the hypotenuse is the longest side of aright triangle.

Students need more work with similarity. Many are still using everyday definitions for similar, like
one resembles or shares some characteristics with another. Students are not thinking about a more
precise mathematical definition: same shape and proportional sides. Students need experiences that
help them see that proportiona sides means there is a multiplicative relationship rather than an
additive relationship. Too often textbooks give examples where the scale factor istwo. For these
examples the student could add or multiply to get the next answer. There is no need to understand
that both sides of the object are multiplied by 2. Students need to work with examples, such as
stretching and shrinking shapes to see how addition distorts the shape of the object. (Look at MAC
tasks like 7" grade 2001 — The Poster for proportional reasoning)
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MARS Test Task 2 Frequency Distribution and Bar Graph, Course 2

Task 2 — Hopewell Geometry

Mean: 4.33 StdDev: 2.59
Table 51: Frequency Distribution of MARS Test Task 2, Course 2

Task 2 Student | % ator % ator
Scores Count below above
0 g4 11.5% |100.0%
1 45 17.6% 83.5%
2 86 20.4% 82.4%
3 40 34.8% 70.6%
4 118 51.0% 85.1%
5 62 58.5% 40.0%
6 142 75.9% 40.5%
7 38 84.1% 21.1%
8 116 | 100.0% 15.9%

Figure 60: Bar Graph of MARS Test Task 2 Raw Scores, Course 2
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The maximum score available for thistask is 8 points.
The minimum score for alevel 3 response, meeting standards, is 6 points.

Many students, about 82%, could find the length of the hypotenuse for H using Pythagorean
theorem. More than half the students, 65%, could find the length of the hypotenuse for H and use
proportional reasoning to find atriangle similar to triangle 1. Almost half the students, 40%, could
find the hypotenuse, find a similar triangle, and also use trig or Pythagorean theorem to justify why
the shaded triangle is not aright triangle. AlImost 16% of the students could meet all the demands of
the task including using trig functions to find the smallest angle in aright triangle. 11.5% of the
students scored no points on this task. 77% of the students with this score attempted the task.
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Geometry Task 3 Quadratic

Student Find graphical properties of a quadratic function given its formula.
Task

Coreldeal Understand patterns, relations, and functions.

Functions e Understand and perform transformations on functions.

» Understand properties of functions including quadratic functions.

Coreldea?2 Identify, formulate and confirm conjectures.
Mathematical
reasoning
and proofs

I mplications for I nstruction
Students need opportunities to practice algebraic skills. Providing situations, such as making
justifications, can sharpen their algebraic skills and develop the logical thinking that is being
promoted in the geometry course. Fostering Algebraic Thinking by Mark Driscoll provides an
interesting variety of problemsthat build on algebraic skills and justification. For example:

Investigate and explain this pattern:

V2-1U3=22x13

U3-14=13x14

V4 -15=14x1/5, ec.

Why? Will thiswork for non-unit fractions. Why or why not?

Standard textbooks often routinely have sections for algebrareview or make statements that could
be turned into good problems. For example, in McDougall Littell Integrated Course 2, it tells
students that the relationship of surface areafor any two spheresistheratio of their radius squared.
This could be turned into an investigation about comparing different spheres and trying to find
relationships that could be written in a generalized form.

Students should devel op the habit of mind of showing their work and calculations. Too many
students seemed to “guess’ about whether the statements were true or false, without doing
substitution to check or verify the truth of the statement. How do you help students develop
productive habits of mind?

In Adding it Up, Helping Children L earn Mathematics, published by the National Research
Council, it states that “ All young Americans must learn to think mathematically, and the must think
mathematically to learn.” It analyses the mathematics to be learned as consisting of conceptual
understanding, procedural fluency, strategic competence, adaptive reasoning, and productive
disposition. Productive disposition is described as the habitual inclination to see mathematics as
seeing mathematics as sensible, something that can be worked out, that is worthwhile, that requires
persistence, and a belief in diligence and on€e s own efficacy.

How do we build that habit of testing ideas to see if they work, not taking things for granted or not
guessing? How do we get students who want to “tinker” with mathematics to see what they can
discover?
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MARS Test Task 3 Frequency Distribution and Bar Graph, Course 2

Task 3 — Quadratic

Mean: 4.89 StdDev: 2.29
Table 52: Frequency Distribution of MARS Test Task 3, Course 2

Task 3 Student | % ator % ator
Scores Count below above
0 30 41% 100.0%
1 3 8.3% 85.0%
2 55 15.8% 81.7%
3 23 28.6% 84.1%
4 107 432% 71.4%
5 108 57.7% 56.8%
6 == 70.8% 42.3%
7 101 84 4% 20.4%
8 100 85.1% 15.6%
a 14 100.0% 1.8%

Figure 61: Bar Graph of MARS Test Task 3 Raw Scores, Course 2
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The maximum score available on thistask is9 points.
The minimum score for alevel 3 response, meeting standards, is 5 points.

Most students, 84%, could identify the coordinates of the point where a quadratic equation cuts the
y-axis, understand this a quadratic has no maximum value, and knew that graph of an equation can
be transformed into the graph of another by trandations or stretches. More than half the students,
57%, could aso factor a quadratic and make an inequality to describe when the quadratic was
below the x-axis. Some students, 15.6%, could also use substitution to evaluate a quadratic, find
the roots for the quadratic, and draw the shape of the graph. Less than 2% of the students could
guantify atransformation. About 8% of the students scored no points on the task. None of the
students with this score in sample attempted the task.
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Geometry Task 4 How Compact?

Student task Use aformulafor anew concept. Calculate areas. Use the Pythagorean
Theorem.

Coreldea3 Represent and analyze mathematical stuationsand structures

Algebraic using algebraic symbols.

Properties & « Develop fluency in operations with real numbers.

Representations » Solve equationsinvolving radicals and exponents in

contextualized problems such as use of Pythagorean Theorem.

Coreldea4 * Understand and use formulas for the area, surface area, and

Geometry & volume of geometric figures.

M easur ement

I mplications for I nstruction

Students need more practice with working problemsin context and using diagrams. While many
students could use Pythagorean theorem when it was laid out for them in textbook format with a
right triangle, they obvioudy did not think about how the hypotenuse related to longest distance in a
rectangle. Students need to be able to apply knowledge to unfamiliar situations and contexts.

Students also need to think about labelling diagrams. What isthe longest distance for each of the
three figures? What does that distance relate to mathematically? How can it be calculated? These
types of self-questioning or internal dialogue are different from working problems as they appear in
textbooks. How do you help students develop thisinternal dialogue?

While sometimes leaving expressions in unsmplified form isimportant for showing the
assumptions behind a solution, at other times ssmplification can help lead to generalizations.
Students need to have opportunities to discuss when simplification isimportant or useful and why.
Students need to have exposure to many problemsthat allow them to build generalizations.
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MARS Test Task 4 Frequency Distribution and Bar Graph, Course 2

Task 4 — How Compact?

Mean: 3.78 StdDev: 3.18
Table 52: Frequency Distribution of MARS Test Task 4, Course 2

Task 4 Student | % ator % ator
Scores Count below above
0 218 20.8% | 100.0%
1 27 33.5% 70.2%
2 64 42.3% 86.5%
3 H 47.8% 57.7%
4 72 57.7% 52.1%
5 30 81.8% 42.3%
6 73 71.8% 38.2%
7 38 76.7% 28.2%
8 170 | 100.0% 23.3%

Figure 62: Bar Graph of MARS Test Task 4 Raw Scores, Course 2
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The maximum score available on thistask is 8 points.
The minimum score for alevel 3 response, meeting standards, is 4 points.

Many students, about 67%, could either use the formulato find the compactness for either atriangle
or acirclewith aradius of 2. About half the students, 52%, could do both or work with the
compactness of a specific and genera circle, including finding the generalization that al circles
have a compactness of 1. AlImost 40% of the students could find the compactness of atriangle,
circle, and make a generalization about a circle. 23% of the students could meet all the demands of
the task including using the formula to calculate the compactness of arectangle. Almost 30% of the
students scored no points on this task. 95% of the students with this score attempted the task.
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Geometry

Task 5 Rhombuses

Student
task

Use the properties of arhombus. Use Pythagorean Theorem. Make a
judtification for similarity.

Coreldea2
M athematical
Reasoning &

Employ forms of mathematical reason and proof appropriate to the
solution of the problem at hand, including deductive and inductive
reasoning, making and testing conjectures and using counter examples.

pr oof

» Explain thelogic inherent in a solution process.

Coreldea3
Geometry &
M easur ement

Analyze characteristics and properties of two and three-dimensional

geometric shapes; develop mathematical arguments about geometric
relationship; and apply appropriate techniques, tool, and formulas to
determine measurements.

e Understand and use formulas, including solving Pythagorean
theorem and trig functions.
« Make and test conjectures about geometric objects.

I mplications for I nstruction

Students seem to be unclear on the working definition for some geometric shapes, like rhombus,
based on key attributes like equal sides. Students are also unclear about definition for similarity for
rhombi. They don’t understand what attributes must be proportional, what attributes must be the
same. Why isit enough to show proportionality for the sides of two triangles or two rectangles, but

not enough for arhombus? What makes this shape unique?
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MARS Test Task 5 Frequency Distribution and Bar Graph, Course 2

Task 5 - Rhombuses

Mean: 2.28 StdDev: 2.39
Table 54: Frequency Distribution of MARS Test Task 5, Course 2

Task 5 Student | % ator % ator
Scores Count below above
0 283 40.1% 100.0%
1 65 49.0% 50.9%
2 76 50.4% 51.0%
3 41 65.0% 40.6%
4 85 76.8% 35.0%
5 20 85.8% 23.4%
8 49 85.6% 11.1%
7 1M 87.1% 4.4%
8 21 100.0% 2.8%

Figure 63: Bar Graph of MARS Test Task 5 Raw Scores, Course 2
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The maximum score available on thistask is 8 points.
The minimum score needed for alevel 3 response, meeting standards, is 3 points.

More than half, 59%, the students could use subtraction to find the side of the rhombus on the
rectangle. About half the students could aso use Pythagorean theorem to find the other side of the
rhombus to prove that al sides were equal. About 1/3 of the students could also use Pythagorean
theorem to find the size of the sides of the rhombus in part one of the task. Slightly more than10%
could show that both figures were rhombi. About 3% could meet all the demands of the task
including proving that the two rhombi were ssimilar by proving that the angles were equal. 40% of
the students scored no points on this task. 85% of the students with this score attempted the task.
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Director’s Note

The MAC Project is made possible through the generous contributions of the Robert
Noyce Foundation. David Foster has been instrumental in his clear vision for
mathematics, identifying the work of MARS and how it connects to that vision, and
being able to pull together the diverse groups, which make up the Mathematics
Assessment Collaborative. None of this would have materialized without his
leverage and encouragement.

The Santa Clara Valley Mathematics Project, led by Dr. Joanne Rossi Becker, has
been instrumental in the success of the Mathematics Assessment Collaborative. Dr.
Becker and the Math Project provide support to MAC in various capacities. Dr.
Becker serves on the M.A.C. Executive Committee and plays an important rolein
advising the director and membership on matters of mathematics education. In other
roles, Dr. Becker helps the Collaborative keep focused on mathematics standards,
provides mathematical expertise and helps to set performance level boundaries. The
San Jose State University Foundation is the fiscal agent of M.A.C. Dr. Becker plays
an essential role in overseeing the budget and expense payments. Dr. Becker assists
with high school professional development and arranging the audit scoring sessions
that employ San Jose State University students and are conducted in their
Mathematics Department. In addition SCMV P and Dr. Becker provide ongoing
professional development for the member districts through projects such as the
Summer Lab Schools and the Summer Coaching Institutes. These grants and
programs also provide support that allows participating teachers to attend the MAC
professional development sessions.
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