Next Generation Assessments in
Mathematics
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1. Make sense of problems and persevere in solving them.
Reason abstractly and quantitatively.

w

Construct viable arguments and critique the reasoning of
others.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.
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Look for and express regularity in repeated reasoning.

COMMON CORE STATE STANDARDS for MATHEMATICS
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Formative Assessment
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The process of studying student work is a meaningful and
challenging way to be data-driven, to reflect critically on our
Instructional practices, and to identify the research we might
study to help us think more deeply and carefully about the
challenges our students provide us. Rich, complex work
samples show us how students are thinking, the fullness of
their factual knowledge, the connections they are making.
Talking about them together in an accountable way helps us
to learn how to adjust instruction to meet the needs of our
students.

Annenberg Institute of School Reform



Educational Research:
Formative Assessment and Student Work to
Inform Instruction

A Assessing Student Outcomes; Marzano, Pickering, McTighe
A Inside the Black Box; Black,Wiliams

A Understanding by Design; Wiggins, McTighe

A Results Now: Schmoker

A Professional Learning Communities at Work; Dufour, Eaker
A Accountability for Learning; Reeves

A Math Talk Learning Community; Fuson, et al

A Normalizing Problems of Practice; Little, Horn

A Change the Terms for Teacher Learning; Fullan

A Working toward a continuum of professional development;
Loucks-Horsley, et al.



Assessment
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Formative
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Benchmarks/Interim

Summative

Assessments to Rank,

Certify, or Grade.

High-Stakes Tests
State Tests
HS Exit Exams
SAT, ACT
Norm-Reference

Final Exams

Unit/Chapter Tests

Semester/Quarter Tests

Computer-based exams

Benchmark Tests

Performance
Assessments

l

Tests
Quizzes
Assignments

To inform
instruction

™.

Formative
meaning during
instruction to
inform
instruction

l

Students
comments,
explanations,
guestions
and/or work in
class




Inside the Black Box

by Paul Black and Dylan Wiliam, Phi Inside the Black Box
Delta Kappan, copyright 1998 Raising Standards Through Classroom Assessment

http://blog.discoveryeducation.com/assessment/fil
es/2009/02/blackbox_article.pdf

By PauL BLACK AND
DyLAN WILIAM

Firm evidence shows that
Jormative assessment is an
essential component of
classroom work and that its
developuient can raise
standards of achievement, Mr.
Black and Mr. Wiliam point
out. Indeed, they know of no
other way of raising standards
Jor which such a strong prima
Jacie case can be made.

AISING the standards of learn-
ing that are achieved through
scheoling is an important nation-
al priority. In recent years, gov-

ernments throughout the world
have been more and more vigorous in mak-
ing changes in pursuit of this aim. Nation- [*
al, state, and district standards; target set-
ting; enhanced programs for the external
testing of students’ performance; surveys

such as NAEP (National Assessment of
Educational Progress) and TIMSS (Third

N International Mathematics and Science
O OW u p re S e a rc . Study); initiatives to improve school plan-
PAUL BLACK is professor emeritus in the

School of Education, King's Callege, London,
where DYLAN WILIAM is head of school and

Wo r ki n g I n Si d e t h e B I a C k B ox professor of educational assessment.

Hiustration by A. J. Garces OCTOBER 1998 139




Formative
Assessment is:

Students and teachers

Using evidence of learning

To adapt teaching and learning

To meet immediate learning needs
Minute-to-minute and day to day

Dylan Wiliam, University of London



Effective Formative Assessment
Strategies

A Clarifying learning intentions and sharing criteria for
success

A Engineering effective classroom discussions.
A Providing feedback that moves learners forward.

A Activating students as the owners of their own
learning.

A Activating students as instructional resources for one
another.

Dylan Wiliam, University of London



Formative
Assessment
Cycle




The Results from an Assessment

X
X X X
X X X Xy
X X x X x x x X
X x X X x X x x x X

Students’ performances are across the continuum



Traditionally Teachers Choose One of
Three Options

A Go back and re-teach the topic with the
entire class.

A Identify the students needing remediation
and find some time/opportunity to re-teach
the topic while the rest of the class
continues on.

A Feeling the pressure of the over packed
curriculum the teacher ventures on to the
next topic.



Re-engagement:
Completing the Formative Assessment Cycle
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MARS Tasks
TOOTHPICK SHAPES /
Tom usestoothpicks to make the shapesin the
diagram below.
JAY
|
Il :
Jou ot Scoring and Student
Sootids 9 toshpiks
1. How many toothpicks make shape 3 Wo rks Protocols
2.Draw shape 4 next to shape 3in th e diagram
above.
5. Tom says, fi need 36 toothpicks to makeshape1 2
Tom is not corre.ct. Explain why heis not core ct.

How many toothpicks are needed to make shape 122

\

oo miati g
AsseEsament
Stadelards

e - - -
I..-IITI-'-
Re-engagement
Lessons "5.:.:
=N
. || = == =
‘ / Tools for Teachers
, and PD Materials




Performance Assessments
To Inform Instruction And Measure Higher Level Thinking

The Baker

This problem gives you the chance to:
» choose and perform number operations in a practical context

The baker uses boxes of different sizes to carry her goods.
A Cookie boxes hold 12 cookies.
w Donut boxes hold 4 donuts.
fﬁ%"-‘i\‘! Muffin boxes hold 2 muffins,
&Y

Bagel boxes hold 6 bagels.

1. On Monday she baked 24 of everything.
How many boxes did she need? Fill in the empty spaces
cookie boxes donut boxes

muffin boxes bagel boxes

2. On Tuesday she baked just bagels. She filled 7 boxes.
How many bagels did she make?

Show your calculations.

3. On Wednesday she baked 42 cookies.
How many boxes did she fill?

How many cookies were left over?

Explain how you figured this out.

4. On Thursday she baked 32 of just one item and she filled 8 boxes.
What did she bake on Thursday?
Show how you figured this our.

Top

Task Design

Core Mathematics - (meeting standards)
Top of Ramp (conceptually deeper, beyond)

A The Mathematics Assessment Resource Service (MARS) is an NSF
funded collaboration between U.C. Berkeley and the Shell Centre in
Nottingham England.

A The Assessments target grades 2- Geometry and are aligned with the
State and NCTM National Math Standards.

Mhssessvent  MEARS




Depth of Knowledge

Level 1: Recalling and Recognhizing:
Student is able to recall routine facts of knowledge and can
recognizeshape,sym bols, attributes or otherq ualities.

Level 2: Using Procedures:
Student uses or applies procedures and techniqg ues to arrive at
solutions or answers.

Level 3: Explaining and Concluding:
Student reasons and derivesconclusions. Student explains reasoning
and processes. Studentcommu nicates proceduresand findings.

Level 4: Making Connections, Extending and Justifying:
Student mak es connections between d iff erent concepts and strands
ofm athematics. Student extends and builds onk nowledge to a
situation to arrive at a conclusion. Students usereason and logic to
prove and justify conclusions.

Adaptedfrom thework ofNo rman L. Webb



2009 Comparison Between CST & MARS

Grade 5 MARS1 |MARS?2 |[MARS3 [MARS4 Total
Far Below 3.7% 0.9% 0.1% 0.0% 4.7%
Below 6.9% 4.6% 1.0% 0.0% 12.5%
Basic 4.3% 8.4% 3.9% 0.5% 17.1%
Proficient 2.2% 7.7% 12.9% 6.2% 29.0%
Advanced 0.2% 1.7% 8.0% 26.5% 36.4%
Totals 17.3% 23.3% 25.9% 33.2% 100%

Grade 5 MARS vStd MARSMNSTD Totals
CST Bas&yv 28.8% 5.5% 34.3%
CST Prof&” 11.8% 53.6% 65.4%
Totals 40.6% 59.1% 100%




Spring 2010 Trends Grade to Grade

Grade 7 |MARS vStd |MARSASTD Totals

CST Bas&v 31.9% 6.0% | 37.9%
CST Prof&” 13.5% 48.6% | 62.1%
Totals 45.4% 54.6% 100%
Grade 8 |MARS vStd |MARSASTD Totals

CST Bas&v 50.9% 7.3% | 58.5%
CST Profé&” 16.3% 25.5% | 41.5%
Totals 67.2% 32.8% 100%
Algebral |MARS vStd |MARSASTD Totals

CST Bas&v 31.4% 5.1% | 36.5%
CST Prof&” 20.1% 43.2% | 63.3%
Totals 51.5% 48.3% 100%
Geometry | MARS vStd |MARS/ASTD Totals

CST Bas&v 1.2% 0.0% 1.2%
CST Prof&” 44.5% 54.3% | 98.8%
Totals 45.7% 54.3% 100%

Grade 2 |MARS vStd |MARSASTD Totals
csT Bas&v | 13.5% 9.9% 23.4%
CST Prof&” 4.3% 72.1% | 76.4%
Totals 17.8% 82.0% 100%

Grade 3 |MARS vStd |MARSASTD Totals
CST Bas&v 19.2% 4.2% | 23.4%
CST Prof&" 15.3% 61.3% | 76.6%
Totals 34.5% 65.5% 100%
Grade 4 |MARS vStd |MARSASTD Totals
CST Bas&v 20.4% 3.7% | 24.1%
CST Prof&" 18.3% 57.6% | 75.9%
Totals 38.7% 61.3% 100%
Grade 5 |MARS vStd |MARSASTD Totals
CST Bas&v 27.3% 2.6% | 29.9%
CST Prof&” 22.2% 47.9% | 70.1%
Totals 49.5% 50.5% 100%
Grade 6 |MARS vStd |MARSASTD Totals
CST Bas&v 36.3% 1.0% | 37.3%
CST Prof&" 26.5% 36.3% | 62.8%
Totals 62.8% 37.3% 100%




Re-teaching vs. Re-engagement

A Address basic skills that are
missing.

A Practice more to make sure
student learn the
procedures.

A Cognitive level is usually
lower.

A Revisit student thinking.

A Address conceptual
understanding.

A Examine task from different
perspective.

A Critique student
approaches/solutions to
make connections.

A The entire class is engaged
in the math.

A Cognitive level is usually
higher.
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What you TEST is What you GET!

Gareth Mills at QCA
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Next Generation MARS Tasks - Formative Assessment Lesson Units and Professional
Development Modules



Formative

Lesson Units

Malcolm Swan

Faimia¥en Aussaa i Laiion Warslan 128020

Solving Pentagon Problems

HMathematical Goals
This besson nnit is ideedad fo help you assass bow wall smdemts ars able towse geomatric propesties 1o
solve problenss azd i particalas to identiSy and belp stedents who have difficulsy in:

+ Solving problems relating %o nsing the measnmes of the infador 2zgles of polygess

» 5Solving problems relating %o using the measumes of the sxsmor angles of polygons

Standards addressed

This bemson relates to the followizg aspact of the Collegs and Carssr Basdiness Standards for
Blathamatics:
+ Shapec 1. Use mmitiple geometric propertias to sobwe problems mmrolving geemetric figumas.

Introducilon

The lesson unitis stroctured i= the following way:
s Shdants work on their oo comploti=g an assessment tauck that is designed 1o revaal thair
currsof mndersiandmy and difhoaltas.
+ Smdants work mn pairs a=d threes on a collaborative discussion task. As teay do this, they fizd
diffarsnt methods for solving the same problem and identify emors m other smdents” solotioms.
» Stwdents retumm to thedr criginal task and oy to improve their own responses.

Materials required

Each stodent will nesd a copy of:
+  Tha assessmant tesk: Fonr Pewiapons
#  J=m copy of the problem The Pemtapan Probdem

Fer sach paiz or seall gromp of learners von will need the falloanng remoences.
»  Examples of siudent responses to The Pemtapon Froblem.

Time nesded
1 hour

& 2010 el CespeiblARS Maiingsan Linka iy 1




Students
start with
pre-
assessment

tasks
( individual)

Slodant nakerdal

Assessment Task: Four Pentagons

This dixgram is made mp of four rugnlar pentagons that ae ol the same size.

O

w
- [ 3
I

f

-

1. Find tie measurs of angls AETT

Ehowe your calculatiess 2=d sxplain your reasons.

‘warlen 1IN0

2. Find the meamurs of angls ETFT

Explaiz your rezsons and show bow vo fgored i out

3. Find the measurs of angls ETRT

Tall Bow vou Sgursd it out

@ A0 SEe CesPefAR S Molling=am Unka ity




The Pentagon Problem

Birs. Morgan wrots this problezn on the beard for bar class 1o sohrs:

Warslen 128010

This petapon ks § eqwal sides o the top
and I equal sides ab the botiom -

H af the angles have g measure af | 50% .-___-"'
¥
Figure our the meanme of the angler marked x, e

and EXplaln POLr REasCTg, e

1. Annabel drew a vertical line down the muddle
of the pentagon and calculated the mezrars of x
iz one of the gradrilaterals she had mada. A

e this methed to Egure out the mesae of x

r= - i}
e, |1|r° o

Explanztion

2. Brian drowy 2 bonizonsal line which divedad
the panagon izfo 2 trzpezcid and 2 mazgle s
Angle x had also bean cut fnfo tane parts, & be
Labaled the pasts g a=d b. .

Figure ont the meammrs of mgles 2 and b.
a=

bk =
Explanatioz

A0 BEel CaslPeiWARS Mellng=an Unksamty




HSlodant raterial

Warmian 1R800

3. Carlos w=sed the arturior anghs of the pantagon S
to figore cut the measem of x .-_-.-:"
!
Use this methed to Sgare cut the mezsme of axgle x -._.:-:'{;"ZI_,»
r= i
R
2

Explanation

ks

. Dianz used the sum of the i=iener anglss to calcolaie the measam of x
Use her mathod to figere out the measurs of angle .

r=

Explanation

& SN0 SR CeslaiARS Meling®an Linksaimly




Stcdant matsral Waren 120X0

The Pentagon Problem: Student responses

Arnmabels explamaticn
|E'ﬂ4-'.r£4"_t,[;|4-}f': e
|.'=|-"l FER 3;‘35

£ = |‘|':;| 5‘
Brian's explanation 2=
| 7o b= :"5:'_ Vo oY
-1 30 Vi B
'J?E_F & 189 e R&
7z 2 & i
55 --x..#,.ﬂ_._ : ,---"""*"-’
Carlos’s explanation AT
Arie s
(5-2)369 " lo¥o Py %
— . . '
= L1 '-{_E‘jf =
e .,,..-“A"“
e, 1 "
Diana's explanation
o e
[ 20 - & = 72 & :{f 13 130F \
fjﬁ*rEﬂ*IEﬂtzl?ﬂ- ,ff xxm
L =
230+ 2 o e
Xe S =

B 2010 Srell Casterd ARS Mellngsam Lnkarsiy




Students
return to or
re-do
original
assessment

tasks
( individual)
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Assessment Task: Four Pentagons

This dixgram is made mp of four rugnlar pentagons that ae ol the same size.

O

; F l:' .
n-l: H :51.
f
" i

Ehowe your calculatiess 2=d sxplain your reasons.

1. Find tie measurs of angls AETT

‘warlen 1IN0

2. Find the meamurs of angls ETFT

Explaiz your rezsons and show bow vo fgored i out

3. Find the measurs of angls ETRT

Tall Bow vou Sgursd it out

@ A0 SEe CesPefAR S Molling=am Unka ity




Concept Lessons







Stuhend ribedial Varskon 25CHD

Journey to the bus stop

Every moming Szmah welks 2long a strxight road from her Bome to 2 bas stop, 2 distames of 160 metars.
Tha graph sheoes her jomresey om one particular day

Diescziba what may bave bappaned.

You sheuld include details lke hoor fas2 she wralioed.

Diste=cs from homa

. EL
IO IS

0 O OB N W N 8 T N W 10 D 15
Tinic dn seporady
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Card Set A:Distance-Time Graphs

A. B.
E
£y E
g £ E,
; 3
& &
=]
Time Time
C. D.
E E
2 2
= o =
3 E 4 E
g2 52
= ko
a =]
Time Time
E. E.
g §
C=rT] =
2E w £
BE 58
A L
a
Tirme
Time
G. H.
3 W E
3° L
8 g
Time Time
L J
. £
&y s
3k o
£ gE
is 52
3 z
Time Time

© 2010 SHELL CENTREMARS, UNIVERSITY OF NOTTINGHAM

Card 5et B: Interpretations

1.

Tom ran from his home to the bus
stop and waited. He realized that
he had mssad the bus so he
walked home.

2

Opposite Tom's home 15 a hall.
Tom chimbed slowhy up the hill,
walked across the top and then ran
quickly down the other side.

Tom went out for a walk with
some fiiends when he suddenly
realised he had left hos wallat
behmd. He ran home to get it and
then had to min to catch up with
the others.

3. 4

Tom skateboarded from los house, | Tom walked slowly along the
gradually bmlding up speed. He moad, stopped to look at lus watch,
slowed down to avold some rough | realized he was late, then started
ground, bui then speeded up agam. | moming.

5 8.

Tom left los home for a mun, but he | Tom walked to the store at the end
was unfit and gradually came to a | of his street, bought a pewspaper,
stop! then ram all the way back.

7 E

This graph 1s just plam wrong.
How can Tom be m two places at

once?

9.
After the party, Tom walked
slowly all the way home,

10.

Make up your own story!

& 20 SHELL CENTREMARS, UNIVERSITY OF MOTTIREHAM




Card Set C: Tables of data

_ _ Sample work to discuss
A B. T
Time Distance Time Discance Time= Dhztance Fater's rasponse
0 [ i ] ] B
1 40 1 10 1 15 . .
: D : 1 ! H sl K. gL BE. G St s
4 10 4 [ 3 (5 -
: 1 4 o ] 5 L. 0. Ao b Stk A S
- - - gy the. de  prtd upse ...
Time Diztaznce "~ Time Distsnce " Time Distance agcwmﬂﬁmﬁﬂzm ...... (T e TR E
B 0 i B [ 0 - =
1 ] 1 Fi] 1 E]1]
2 80 2 40 T 11 Julle's response
F] ] 3 0 3 ] ~
3 30 3 ] 3 5 Jone Dalesd, aleng.a. . food . fol.
= &0 5 B 5 121 - CAOTrE ¢ a .
ey s -
Time Distance Time Distance Time Distamce B = A L mm% s T e ] T
B 0 0 [ [ 120
1 B 1 35 1 ] et ahE dour.mn. mhmﬁ%
] ] 1 B0 1 72
3 a0 3 103 3 18 wbwcln  booe ert 28 enaa
f BD 1 110 4 1
5 111 5 125 5 0 Skl oellced ey, gk by 0.
T_Make thi one up! K She oot e s ke lor
Time Diistance Time Diztamce
0 —r 1! 1 .. f_'-;‘!..u.:f.. art . adloatden bonk. ok
1 1
3 3
4 4
= 3
5 [
7 7
8 B
[ 2
T 1

€ 0 SHELL CENTREMARE, LMVERSTY OF MOTTIHGHAMW



Problem Solving Lessons




A Case Of Muddying The Waters

e




Exhibit 1

Not to scale

Riverside
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River flow
New water

barrier

Site A >ite B Water for

domestic use




Scene 2: At the Factory




Students’ Materials

Student material

Version 31/03/110

Not to scale

Riverside
Centre

Site A Site B Water for

Fingertip Facts

Factory

flow

barrier

domestic
use

1. Environmental Officer's measurements of 3. Factory owner’s survey of invertebrates:
chemical concentration in the river at site A

Two years ago Now

2008 2009

2. Environmental Officer’s survey of

diseased fish near site A.
surveys covered a period

+ Two years ago 6 fish out of 300

fish were diseased.

e Last week 64 fish out of 1,600

were diseased.

2= 13 Site A 20 15
E§ 13 1-Legal level for the Site B 22 9
< ?“2 T chemical is: Site C 19 23
22 10 1 8mg per cubic i Site D 23 29
g% g 1 meter of river water |
g= 8
o @
ew 7
8 O
T .2
3 .g 4 4. Factory owner's survey of the
Ee 34 number of birds spotted next to the
52 % I factory in one afternoon:

0 4

2010 9
0
k=]
1=
g 874
Both =
of five days. 5
£ a5
=3
z
83
2008 2010

© 2010 Shell Centre/MARS University of Nottingham 11
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Race to the Top
11 States and the District of Columbia

The first round Delaware,

M Tennessee. The second round
are: District of Columbia,
Florida, Georgia, Hawalill,
Maryland, Massachusetts, New
York, North Carolina, Ohio, and
Rhode Island.

* %
* * * RECOYERY.GOY

v 5/ ED..



States have joined Assessment Consortia to quality for RttT

The SMARTER-Balanced Assessment Consortium which is
being championed by Professor Linda Darling-Hammond
and colleagues at the Stanford School of Education and is
being managed by San Francisco-based WestEd and its

; . senior program director, Stanley Rabinowitz. SMARTER-
Linda Darling Hammond Balanced enlisted 31 states.

Stanford University
School of Education
<>

Partnership for Assessment of Readiness of College and

N Careers (PARCC) is being managed by Achieve, Inc., a
Washington-based non-profit. There are 25 states in
Achieve, Inc. PARCC.

At this point, both consortia are making broad promises on what they’ll create by 2014-15, when states are
supposed to implement the first tests. Both say they will integrate summative or end-of-the-year tests with interim
and formative assessments that can guide instruction during the year. Both are promising to include performance-
based tasks, such as conducting a science experiment and writing short answers to questions, that are intended to
show deeper levels of learning and thinking than multiple choice questions supposedly can measure. They’ll be
fewer of the latter on the tests.



Type of Tasks

A Novice Tasks — (skill/procedural knowledge)
A Apprentice Tasks - (performance assessments)
A Expert Tasks - (multiple-day/complex/portfolio)



Designing a Standards-based
Performance Assessment System:

New York City Performance Assessment Pilot

Mathematics

SCALE

Stanford Center for Assessment, Learning, & Equity




Ohio Performance Assessment

Ohio Department of Education = Stanford University ® ESC of Central Ohio

Fllot Project

Skeleton Tower?

SRN LEADS ‘




Welcome to the Inside Mathematics Website

Welcome to Inside Mathematics, a professional resource for educators passionate
about improving students' mathematics learning and performance.

This site features classroom examples of innovative teaching methods and insights
into student learning, tools for mathematics instruction that teachers can use
immediately, and video tours of the ideas and materials on the site.

Several allied initiatives dedicated to improving math teaching have contributed to
this resource. We are glad you're here and look forward to learning with youe
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http://www.insidemathematics.org



http://www.insidemathematics.org

Questions




