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Agenda
N

0 Seeing the Language and Background Knowledge
Demands in Mathematics Talk, Text, Tests

0 Frontloading Strategies
O Language
o Content

0 Lesson Framing Strategies
0 Interaction/Practice /Language Use Strategies

0 Providing Feedback to Learners: What and How to
Provide Language Correction

0 Resources for Math Teachers of ELLs



Watch and Listen
N

o Click here to watch



https://stream.nyu.edu/media/Watch+and+listen/1_y25f57v4

What do you think you are to do?
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Let’s Go Back and Watch, then

Discuss:
I

Did you learn any math?

sz How did you capture what to do?

\ (Did visuals help, Did her body language
“o& help? Did watching other students help?)

What were you able to do with the print¢

How was her rate of speech?

Did you learn any Chinese to help you with
other problems you may see on tests?



How Much Did You Capture of the Chinese?
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In America, Americans use
dollars, while in Venezuelq,
Venezuelans use Bolivar(s).
Last year, when Elena went to
Venezuela to visit her
grandparents, one dollar
equaled 1,432 Bolivar(s).
Elena spent 42 dollars on
buying gift(s). How many
(much) Bolivars did she spend?



What affects performance when working
in an L2¢

--new orthography/writing system to learn to
decode

--word knowledge

--rate of speech; redundancy; recycling of terms
--length of the interaction

--scaffolds provided by the teacher

--willingness to keep working despite not
understanding most of what is going on

--success with what you are doing
--level of frustration/anxiety
--prior subject matter knowledge



Adapting Teacher
Discourse

Slow down
Enunciate (without exaggerating)
Simplify; Be Consistent

Limit contractions, pronouns, idioms

Recycle important information (and terms)



http://creative.gettyimages.com/source/search/ImageEnlarge.aspx?MasterID=AA041360&s=ImageDetailSearchState|3|5|0|15|2|1|0|0|1|13|60|22.23.24|2|0|%22teacher%22||1|0&pk=6
http://creative.gettyimages.com/source/search/ImageEnlarge.aspx?MasterID=AA041360&s=ImageDetailSearchState|3|5|0|15|2|1|0|0|1|13|60|22.23.24|2|0|%22teacher%22||1|0&pk=6

Use Gestures
Use Visuals and Graphics
Demonstrate Your Words
Be Dramatic

Enhance Your Words




Provide Clear Directions

* SAY

* WRITE

« SHOW




[image: image1.wmf]QuickTime™ and a
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are needed to see this picture.





Other EL Student-Friendly Supports

Be sure the student knows your name

Establish routines so students know what to expect
Face the class when speaking

Avoid slang and explain idioms

Write legibly; create clear diagrams/visuals
Repeat important information

Allow students to audio record lessons

Provide plenty of wait time

Post procedures and schedules



En_‘:pﬂwen'ng
English Language Learners
vith Results that Matter

5 Principles for Teaching Content

to English Language Learners
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5 Principles of Teaching ELLs

Identify Language Targets and Content Objectives

Frontload the Lesson/Building Background
Knowledge

Provide Comprehensible Input
Enabling Language Production/Extending Language

Assessment of Language and Content Objectives
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Research-based instructional design

5 principles for teaching ELLs

Expﬁcin‘]{' stated objectives

In each lesson/module
|
- Identify and
& Communicate
— Content and
Students express T % Opening activities
their understanding connect to and assess
through speaking and shotivat rior knowledoe
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Research-based instructional design

5 principles for teaching ELLs

Exp hmﬂ]f/' stated objectives
In each lesson/module
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Feedback and !

Expansion of Comprehensible
Language Input
Repertoire

Interaction and
Practice

Language Learning Cycle




Planning Language and Content Objectives

e ——

0 Content-specific
Vocabulary

1 General Academic
Vocabulary

01 Structures (grammar)

0 Knowledge

0 Skills

From NYS
Standards;
NYC

Curriculum




“If only they understood the question, they
could answer it. They know the content,
they just don’t know enough English.”

Seeing the Language and
Background Knowledge Demands
in Math Talk, Text, Tests



- Vocabulary Targets:

1. Content-Specific Vocabulary

2. General Academic Vocabulary









Tennessee Academic Vocabulary
A Guaide for Tennessee Educalors

Teanessee Department of Education

Timothy K. Webb, emmissioner
July, 2006
Revised: December, 2007
Revised: July, 2009

Joint an conditvoral
prodabilaly

Law of Large Numbors
Mathematical mosbe]

hlmudm{mﬁl

inderpeartile range)
Midpoint formula
Chustlver
Parenl function
Poscal”s Triang ke
Polynomial (baromial,
. ial]
Duencdratsc Formula
{imchacling discrim inant)
Quantitative and
qualitative datn
Radicamd
Ratiomal exjpression
Real muumber properties
Real roots {xeros,
soluticns, x-imlercepis)
Relative frequency
Sequ:nml (arithmetic,
geametric, Fibonacc}
Simuslntscms
Subscts of real nammbers

Geometry

Abinsde
Angle of depression
Angle of elevation

Socanl lino

Sector of a cicle

Skew lines

Tangent line

Arc Theorem

Fisect {hise or)

Unbelined terms. of

poomaotry

Wector (magnitucks and
chirecion]

Chiowed
Circmmcenler
Elmmumhnd

Points of comncammency ina

trangle

Posnslste {aociom)

Prood {fonmal, two-

column, paragraph, Mow,

coonlmate, mdirect,
counterexnmple}

Scalar

Trigomometric rathos (sine,

Algebra 11

Amplitnde

Rinomial Thecnom
Coxmbnmmbions
Conaren ratio (poomeiric

Ciompl ede L scpune

Complex conjugale

Conmplex nrnber

Compositica (of fanctions)

Cowic sections {crches,
parabeola, ellipse,

hyperbola)

Empirical Rule

Faciorial

Fiocua (pl. fina)

nl'lu:ﬂhn

Pece-wise findion

Rahizm miseeamn:

Batioral Fumotion

Regresson cxqusibon

Sewies (anithmctic,
poomaric, finite, infinile,
. )

Sipma

Stsdeard devistion

Siop fanction

Hynthetic division

Trmnscomdbmtal fimcto

Trigonmmeinc fimcion

Trigonometric identity

Unit circle

Variance



Appendix A - Mathematics Content Words (continued)

Appendix A - Mathematics Content Words (continued)

Sixth Grade

Seventh Grade

Eighth Grade

Algebra |

Algebra Il

Geometry

algebraic expression

absolute value

adjacent angles

absolute value function

arithmetic/geometric

altitude

base number acute triangle coefficient sequences

circumference alternate interior/exterior angles | constant ascending/descending asymptotes angle of depression/elevation
complement bisector distance formula: d=rt binomial completing the square angle relationships (complementary,
convert combinations domain supplementary, etc., expressed algebraically)
coordinate plane corresponding angles formula degree of a polynomial complex numbers arc (measurement, length, major, minor)
diameter discount hypotenuse difference of squares composition central angle

evaluate equilateral triangle lateral area elimination method (for solvinga | conic sections chord

exponent experimental probability legs of a triangle system of equations)

factorization exponential notation linear equation factor a polynomial conjugate (complex) conditional statements (converse, inverse,
median integer linear inequality . contrapositives)

mode interest Pythagorean theorem function notation correlation congruence

non-terminating decimal isosceles triangle range of a function inequalities curve of best fit conjecture

numerical expression negative rational number intercepts (x & y) delta construction (protractor, compass,
order of operations obtuse triangle scatter plot S straightedge)

pi outcome scientific notation irrational numbers discriminant convex/concave

plane figure

parallelogram

slope-intercept form

prime factor

permutations

slope

line of best fit

functions (exponential,
polynomial, logarithmic, etc.)

corresponding parts

linear/nonlinear functions

imaginary

counterexample

quadrilateral polygon solids _((;Jr;sms, cones, cylinders, (exponential, quadratic, absolute value)
: — pyramias - - linear systems inverse function deductive reasoning
radius positive standard form (of a linear equation) - - - -
reciprocal proportion surface area literal equations logarithm distance formula
sequences (arithmetic quadrant term monomial matrix Euclidean/non-Euclidean Geometry
’ L. i N N B
geometric, Fibonacci) parent graph (linear, absolute value, | Minimum/maximum (relative, | inductive reasoning
— - - - i bsolut:
similarity radical sign X-y intercepts quadratic, constant) absolute) ____ —
simplify rate polynomial normal distribution curve inscribed angles and polygons
square units ratio (Gaussian) circumscribed
substitution regular polygon quadratic equation parent function (exponential, | interior/exterior angles (of a figure)
Supplement rhgmbuz Y9 polynomial, logarithmic)

terminating decimal

right triangle

quadratic formula

radical equation

lateral surface area

scale factor

rate of change

sigma

median of a triangle

scalene triangle

rational expression

standard deviation

midpoint formula

square root

real numbers

synthetic division

polyhedra

theoretical probability

transversal

relations

three-dimensional
coordinate

proof (formal, paragraph, flow,
algebraic)

trapezoid

unit rate

substitution method (for solving
a system of equations)

transformation (algebraic)

Pythagorean theorem - area model

vertical angle

curriculum/BAV.

trinomial variance reflexive, symmetric and transitive
properties
weighted averages secant line
zero of a function tangent line

theorem/postulate/conjecture

total surface area

transformation (reflection, rotation,
translation)

trigonometric ratio (sine, cosine, tangent)



http://sde.state.ok.us/curriculum/BAV.pdf

Use the Academic

Vocabulary .
List!/(AVL, Gardner) .

Choosing that
appears frequently in academic texts
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http://www.academicvocabulary.info/samples/families.pdf
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Choose some vocabulary targets

!8-1 O terms to reqllz give a workou’ri:
—

Transversal

0 Proof 0 (x +ysum 0 State (Statement) 133
Theorem to....(sum as 7 Diagramé38
Prove /Proof verb) o Supplement (supplementary)’>
' Vertex 0 Intersect 1323

Vertical

Draw and Label o Auxiliary'457
Angle

Write out (write o Parallel”®?
Equal measure

out your proof) - Conjecture 408
Alternate .
. Circumference o Justify 394
interior angles

, Protractor 7 Converse®12
Corresponding s
Angles Perpendicular o Construct
-1 Demonstrate 197

Trianale




Teach 8-10 vocabulary words well in

every “unit”
—

Cross-disciplinary words from the

Academic Vocabulary List

1 Choose key AVL words that come 1 Do not teach words students will
up a lot in the unit understand from reading the
text (words that are clear from
the context; words that are

glossed in the text)

1 Select 2-3 of these for each unit

1 Make sure that you teach these

words as part of a word family;
o1 If the word has a cognate

students know, skip it

teach at least 3 words from the

family so kids get experience with

different forms of the same word 1 Make sure to choose different
-1 Make sure to give practice to types of words: not just nouns
these words as much as the but verbs, adjectives, adverbs

content words 71 Not just words but also “lexical
bundles”



Forms of a word; Word endings

__ (-al; -ment, -tion, -ing, -ary )
I

1 Mathematical
o1 Transversal

0 Statement

11 Explanation

71 Information

11 Corresponding
01 Passing

0 Supplementary

1 Necessary



Word Builder

F
[ s ]
Name: R
Date: g
Prefix Wword Suffix New Word Meaning
mathematics -al mathematical
state -ment statement







THE TWELVE WORDS?

The Twelve Words (continued)

Educators have identified 12 words that sometimes trip up students when they are responding
to questions in writing or speaking and when taking a test® Understanding and using these 12
words are critical for student success from upper elementary to post-secondary studies.
Schools are encouraged to develop school-wide efforts to assure that students become familiar
with these key words.

To contrast means to:
« identify how things are

When you contrast things ask yourself “How are they
different?” Apples and oranges are fruits but there are

Describe means to:
« tell about something

When you describe a thing, you’re thinking about “what
does it look like?” When you are describing something in

CONTRAST ) : many differences. When you are contrasting things in
unalike, or opposite . ) -
X your writing or speaking you are describing how they
* check for differences .
are different from each other.

SUMMARIZE Summarize means to: Do you see the word “sum” in summarize? Think about
e recall adding or summing up a thing. When you are asked to
¢ shorten summarize, you create a short piece about something
* a brief description by putting it in your own words.

* list the main points
Infer means to: When you hear the word infer ask yourself, “What does
. suggest ’ this make me think? What is the author trying to tell
99 me without using the exact words?” Infer can mean to
INFER « conclude ) . X
L read between the lines. In writing or speaking when you
« fill in the blanks . . )
X . are asked to infer, it means that you think about what
» decide the meaning of
can you suggest or conclude from what you have read?
Analyze means to: When you analyze something you look at it closely.
« take it apart When you think of analyze think of someone taking a
* break it down bicycle apart to explore its parts and take a closer look

ANALYZE A : A S
* examine at it. When you analyze something you are breaking it
« explore down to take a closer look at it before you speak or
* investigate write about it.

Evaluate means to:

* grade Think about the athletes at the Olympics. The judges
* rank evaluate what is good or bad about their performance
* rate and give them a ranking or grade. When you are asked

EVALUATE - A ) )

* review a performance to evaluate something you think about what is good or

» decide what is good or bad bad about that particular thing and then write or speak
about something about it.

* judge the quality

Formulate means to: When you formulate something, you put it all together

* build in a plan with details. When you hear the word

e add up formulate, think about putting a puzzle together. When

FORMULATE ) L ;

* plan you are asked to formulate in your writing or speaking
¢ construct you will create a piece that constructs or pulls things
* make it together into a plan.

DESCRIBE : ;Ikl‘f;ivrate your writing or s_peaking, you are telling about_ that thing
. list the attributes of a thing in a way that paints a clear picture of the topic.
When you explain you: When ygu explain something think.about a teacher who
+ restate something with more is teaf:hlng you how to do something. They want tq
details describe the process so that you know what 'to do first,
EXPLAIN « retell in order next, ar.md last. When you are asked to explain _ _
« give important information something you are bemg asked to share_sgmethm_g with
« tell more about something enough clarlt_y and detail so that the recipient easily
understands it.
'.rra;cueﬂ;::ans to: When you see the word tra:_:e think of a pen;il Fracing
. sketch or draw along a line. It follows the line from‘the begmnmg tq
TRACE « map out the end. So when you trace something you are thinking,
. copy andAth‘.an writing or speaking about the subject from the
» follow from the beginning beginning to the end.
SUPPORT Support means to:
» give facts for something When you are asked to support something, think about
« explain why a person taking a position about something and then
* prove it giving more information to back up his/her position. In
* use examples from writing or speaking when you support something you
something include a number of facts and/or reasons to support of
* give someone reasons your position.
* back up your point of view
Tofg:ggﬁt Is to: When you predict §omething, you are statipg what you
. forecast expect to happen.ln the fut‘ure, A person giving a
PREDICT « tell what you think wil weather forecast is pred/ct/ng. When you see the word
happen predict ask: W‘hatl mlgh'F happen ne>‘<t? When you are
« describe what you see might ask_ed to predict |nlwr|t|pg or speaklr?g, you will be
be coming telling what you think will be happening in the future.
TotE?nmkr;ag:uT?hn:ttt(;{ings have When you compare things, ask “how are they alike?” or
. What do they have in common? When you are asked to
COMPARE in common compare things in your writing or speaking, you need to

e check for likenesses,
similarities
* match up things

think about how the things are the same, or how they
are alike.

2 \We believe that the source of the Twelve Words is Larry Bell, educational consultant.
3 To view a simple slide show on the twelve words above, go to: http://www.owensboro.k12.ky.us/edtech/12words/12words.htm
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Prepositions:

e.g. In the diagram to the
right....

Find four solutions to the
equation (X2—-9) (x3-8)=0

How vertical angles and
alternate interior angles are
equal in measure to prove....

What is the degree of your
polynomial?

Can you find a rule that
relates the multiplicities of the
zeros to the degree of the
polynomial function?



Lexical
bundles/Phr
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Transitions:

Commos Iransation Words
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Components of Academic Language

X
Bricks: vocabulary
¥
“‘\H
Mortar:
Grammar/syntax/form
J
=
Foundation:

Language functions
y

Zwiers, 2008



Paul Quaglio, University of NY at Cortland
quagliop@cortland.edu

The Demands of Mathematics
]

Write two functions using the expressions
on each side of the equation 6+1 = (x +7)2.
Graph the functions.

Table 1. Features that differentiate Math from Soc. Studies & Science

Feature Math Soc St Science

Add whole numbers and add fractions. 2nd per pronoun 19300 1700 14100
Compare with the estimate. You can also ~ imperatives . . i
find the sum usine a model private verb 15200 9100 8900
1n g : Wh-questions 5800 400 1400
In the shopping mall giveaway, each store P Yo o G i
prediction modals 4100 3000 2900

represents an outcome. If you want to e o 4100 2800 3200
pick a food store, the 25 food stores are Subordination (condition) 3400 600 2500
favorable outcomes. If each outcome has Wi-clauses ARH 20 #0
. be as main verb 1600 700 1200
an equal chz.mce of haPP?nlngf you can that-deletion 1400 1100 700
find theoretical probability using this stranded prep 1400 500 600

formula. Features associated with invelved registers

present tense 91000 32000 93300
Lexical bundles: you can use a formula _pessibility modals 6218 3391 9151

to find the area of a square or the volume
of a cube.



What features do you see in the text below?

Consider the polynomial function Qx=x°- Imperatives (commands)
3x3+4x3-12x%+x-3.

a) Divide Q by the divisor (x-3) and Private verb (think,
rewrite in the form Q(x)=(divisor) consider)
(quotient) + remainder.

b) Evaluate Q(3).

WH questions
Prepositions
Prediction modals

In the diagram to the right, if you are Time adverbials
given that AB Il CD, how can you use

, Subordination (conditions)
your knowledge of how vertical

angles and alternate interior angles WH or that clauses

are equal in measure to prove that Second person pronoun

(you)

X=w?




Mathematics Discourse Features

conceptually packed.
high-density of important words.

require up-and-down as well as left-to-right eye
movements.

require reading-rate adjustment.
require multiple readings.
use numerous symbolic devices.

contain a great deal of technical language with
precise meaning.



rase 2 Mathematical Notational and Procedural Comparisans

Between U.5. and Latin American Countries
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Academic Language of Mathematics

TEXT/TALK FEATURES

v oncephually packed

« b g b density of uniquie words wath Specihe meanings

« preat deal of technacal Language wath preCse meamnngs

* PEGUANES MMILRTNE eadngs

« requires 4 reading mate adjustment because Sed must be read more siowly Bhan natural nguage teds
* UISES METRTOUS symbols

= many charts and graphs

MAIOR TEXT STRUCTURES AND FEATURES OF TALK
cause and effed; comparsons; lopical or chronological sequente

SUBJECT MATTER-SPECIFIC VOCABULARY
e, dvisor, denaminator, infeger, quodient, coafficent, aquation, profrocier, place vaive, properimproper fraction

WORDS USED IN NEW WAYS

F O r YO u r R efe re n Ce eq. fohl column, vanable, comy, iroionolfational mean, fodor;, fenm, expression, odd sef

MULTIPLE WAYS OF SAYING THE SAME THING (SYNONYMS)

.. odd phes, combing and sum, incresed by, total subdroct fom, decreased Ly, less, mins, chffer, less than, have kit

COGMATES (SPANISH/ENGLISH)
/ } ardinegl grupa rous; e
dineg/line; mulipbearmuoliply

PHRASES WITH SPECIFIC MEANINGS; LEXICAL BUNDLES

w5t cmimon muliple, standand devigtion, square roal, & quarter of, diviced by vs. divided info, a5 much as, common fodor;
el fo, ol mare Khan

TRANSITION WORDS; LOGICAL CONNECTORS
if .. . then, i ond only § becouse thal 5, for exampde, such thal, but consequentl; aither

COMMON COMMUNICATIVE FUNCTIONS
folkowing divections in 2 sequence, show, tell, ask and answer factual questions, predict, explan, pustily, ypothesize, conjecure

HELPFUL READING,/WRITING SKILLS AND STRATEGIES

adjust reading rate, reread difficult text, corfimmation checkssummarze a5 you g0, take notes while reading, use graphs, rumber fines,
and chants Lo complémient the uniderstanding of test




Planning Your Language Objectives

Language Form

[

[

Sounds of Language

Form of words (nouns, pronouns,
verbs, adjectives, adverbs)

Structure of sentences; sentence
patterns

Length, Complexity of Sentences

Connectors; Cohesive ties

Language Content & Use

Semantics (vocabulary; phrasing; tone)

Pragmatics (intended meanings; language
as used in different contexts)

Language Functions

O

Kinds of communicative tasks
students must accomplish
(name, tell, compare,
describe, explain, apologize,
insult, request)

Language Style

O

O
O

Formal vs. informal /casual
Social vs. academic

Colloquial Language
(idioms; common similes,
metaphors)



Suggested Language Obiectives:

Language Forms Language Functions

1 Kinds of
communicative tasks

0 Sounds of Language (th in
theorem, v in vertex)

0 Parts of Speech students must

(prepositions, commands, accomplish:

comparative/ superlative
Draw and label,

adjectives)
find,

1 Sentence Patterns (clauses, .
modals (could, may), consider,
possibility—if...then, compare,
given....) determine,

0 Length, Complexity of explain,

Sentences

state, efc.




Common communication in

™ Funcions

mathematics classrooms

discussing ideas and asking questions,

summarizing instructional key ideas or defining a term
following and giving instructions,

recounting how a problem was solved,

explaining thinking /reasoning aloud,

giving reasons for a response,

showing problem solving steps to display knowledge on
fests

describing procedures to follow

Make Sentence Frames for These Functions



Teaching Background Knowledge
and Key Vocabulary



Background Knowledge /Life Experience
Demands: Algebra 1 Regents

1) Joy wants to buy strawberries and raspberries to bring to a party.
Strawberries cost $1.60 per pound and raspberries cost $1.75 per pound. If
she only has $10 to spend on berries, which inequality represents the situation
where she buys x pounds of strawberries and y pounds of raspberries?

(1) 1.60x + 1.75y < 10
(3) 1.75x + 1.60y < 10 : Write down

2) 1.60x + 1.75v > 10 potentially unknown
(2) 1.00x oY = experiences as | read

(4) 1.75x + 1.60y > 10 the problem

2) On the main floor of the Kodak Hall at the Eastman Theater, the number of
seats per row increases at a constant rate. Steven counts 31 seats in row 3 and
37 seats in row 6. How many seats are there in row 202

(1) 65 (3) 69 (2) 67 (4) 71



3) Which situation is not a linear function?

(1) A gym charges a membership fee of $10.00 down and $10.00 per month.
(2) A cab company charges $2.50 initially and $3.00 per mile.

(3) A restaurant employee earns $12.50 per hour.

(4) A $12,000 car depreciates 15% per year.

4) The amount Mike gets paid weekly can be represented by the expression
2.50a + 290, where a is the number of cell phone accessories he sells that
week. What is the constant term in this expression and what does it represent?
(1) 2.50qa, the amount he is guaranteed to be paid each week

(2) 2.50qa, the amount he earns when he sells a accessories

(3) 290, the amount he is guaranteed to be paid each week

(4) 290, the amount he earns when he sells a accessories

5) There are two parking garages in Beacon Falls. Garage A charges $7.00 to
park for the first 2 hours, and each additional hour costs $3.00. Garage B
charges $3.25 per hour to park.

When a person parks for at least 2 hours, write equations to model the cost of
parking for a total of x hours in Garage A and Garage B.



Things ELLs may not have experience
with:

American names (Joy, Steven, Mike, Dylan)
Foods common in US (strawberries, raspberries)

Activities common in US (parties, gym memberships,
cabs, parking garages; buying&selling cell phone
accessories, campgrounds)

Measurement /Monetary systems in US (pounds,
miles, currency and coins)

Places (Kodak Hall at the Eastman Theater)
How public spaces are organized (seats in rows)

Ways we value merchandise (automobile
depreciation).



How to Help ELLs over cultural and
linguistic hurdles:

Make sure they know about pounds (lbs.), dimes,
quarters, feet, cubic feet, miles

Help recognize names of people (capitalized in
sentences doesn’t matter if male or female (but they may
get a clue in the sentence if it says “he” /"she”)

Teach symbols like $, % = < and the words for these
(e.g. dollars, percent...) as items may contain symbols or
words

Make sure they capture/look for negation (is NOT)

Teach lexical bundles like “at least”, “for a total of”,

“If....only”, “must be true”, “to the nearest tenth”,
“approximate value”



More things you can help with:

Capturing the meaning of prepositions common in math:
inside, of, in, into, for, on, at, per

Practice deciphering the meaning of “if” clauses

Help with infinitives: to be paid (e.g. (wants to be paid, to

bring, to spend

Help with the command words in problems: Justify, state,
explain, determine, display, represent, show, model, write...

Make sure they capture comparatives and superlatives
(greater, greatest)

Help them capture verbs of possibility (modals): must be,
can be
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0 What do you see in the lesson that might be
unfamiliar to your ELLs?

0 What prior knowledge is needed to understand
this lesson? (concepts upon which the lesson
depends?)




Previous Mathematics Learning Survey:
Mo

Your Home Country:

Youir Nt fin L s

Did you study mathematics in your homa | ' When did you begin learning mathematics in
cotntry? your home country? (at what age/grade?)

ez e

Hawe you studied mathematics inthe S Whore did you stsdy mathematics in the

bafore this year? LSy
[ es [ Mo Statafs):
How many years have you studied School Districts:

mathematics in the WSF

Wwhat subjects have you learmed In your home country or in tha US?
Arithmetic (General Mathematics)
Alguhu
Geometry
Statistics and Probability
Caloulus
Other: Please specify

I learn mathamatics by: (chock all that apply)

Lireading the textbook

["Mistenang to the teadher

| idemonstrations by the teacher

[kboing exercises inclass

[practicing at home//completing homework

[working together with my classmates

Clasking friends/sblings lor help outsde of schoal

| ranslating the work to my home Bnguage

[CHearning mathematics vocabulany

L kmemarimation

LUhsing drawings, ilustrations, visual display=

[ staying after school for extra help/fafter school tutoring
Llother; please speciby:
Do you anjey mathematics?
[Wes Mo

What da you like most about mathematics:

What b most difficult for you in lesrning mathoematics?

Survey Student
Prior Learning

Do quick
assessments (quick
writes, exit slips in

LT or L2)

Review student
records to see

what math courses
they have had
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Webcasts I ensure accurate interpretation of the assessment reswits and o make a sound recommendaton for
placement in a mathematics course,
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In order to choose 8-10 terms to really give

a workout (see next slide):
S

AVL Words; Cross-Disciplinary
Academic Terms

Content Specific Vocabulary

Proof

Theorem

Prove /Proof
Vertical

Angle

Equal measure

Alternate
interior angles

Corresponding
Angles

Transversal

0 (x +ysum

to....(sum as
verb)

Vertex
Draw and Label

Write out (write
out your proof)

Circumference
Protractor

Perpendicular

o o o o o o o o o o d

State (Statement) 123
Diagram®38

Supplement (supplementary)”>'
Intersect 1325

Auxiliary 4%/
Parallel?43
Conjecture
Justify 394
Converse?!?

Construct 248

1408

Demonstrate 179

Trianale




Find Out What Key Terms Students Know:

I I ———
VOCABULARY IN CONTEXT

Irecognize itin context, | Ihave neverseen the I have heard of the word, " i d
P I ace word I think it has something word before, so to butl don't know what it means. now the word,
to do with learn about it I will To understand it, | am going to tmeans
13 . "
candidate Use L1 or L2

words in

first row

Have
students

complete

before you
start the
unit

This reproducible material courtesy of Staff Development for Educators - 1-800-924-9621 - www.SDE.com



Algebra 2, Lesson 11

Relevant Vocabulary Terms
In the definitions below, the symbol R stands for the set of real numbers.

FUNCTION: A function is a correspondence between two sets, X and Y, in which each
element of X is assigned to one and only one element of Y
The set X in the definition above is called the do*

image) of the function is the subset

property: y is an element of f(X) if'#i

If fx=x2 where x can be any real nur

R), and the range is the set of nonne

POLYNOMIAL FUNCTION: Given a pc

function in one variable is a functio o
domain, f(x) is the value found by

variable symbol in the polynomia

It can be shown that if a function i

negative integer n and collection ¢ t
the function satisfies the equation

fx=anxn+an-1xn-1+...+alx+a0,

for every real number x in the domair;, -

polynomial function. The function

fx=3x3+4x2+4x+7, where x can be any | ction
written in standard form.



DEGREE OF A POLYNOMIAL FUNCTION: The degree of a polynomial function is the
degree of the polynomial expression used to define the polynomial function.

The degree of fx=8x3+4x2+7x+6 is 3, but the degree of gx=x+12-x-12is 1
because when g is put into standard form, it is gx=4x.

CONSTANT FUNCTION: A constant function is a polynomial function of degree 0. A
constant function is of the form

fx=c, for a constant c.

LINEAR FUNCTION: A linear function is a polynomial function of degree 1. A linear
function is of the form fx=ax+b, for constants a and b with aZ0.

QUADRATIC FUNCTION: A quadratic function is a polynomial function of degree 2. A
quadratic function is in standard form if it is written in the form fx=ax2+bx+c, for
constants a, b, ¢ with a#0 and any real number x.

CUBIC FUNCTION: A cubic function is a polynomial function of degree 3. A cubic
function is of the form

fx=ax3+bx2+cx+d, for constants a, b, ¢,d with aZ0.

ZEROS OR ROOTS OF A FUNCTION: A zero (or root) of a function f: R—R is a number x
of the domain such that

f(x)=0. A zero of a function is an element in the solution set of the equation f(x)=0.
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Vocabulary Organizer

My Dafinition

\

-

theo
Examan

/__;m\
__/r/wonexample

Personal Association

N,

ki

Characteristics/Attributes

M

"

LY

AN,

Teacher Definition

Making hath Accessible to ELLs (9-12) © 2010 4 Foucated Solutions = solution-tree.com
Wisit posolution-tree.camy/ELL 1o download this page.

Polynomial function

Word |

Linear function

Definition |




Persondl Assaclation

My Definition

Function that ic not

a congtant or 3 line. %jf@

\ ﬁuadm;\\

Examme unction Nonexample

.
o

) )
"I k!
Characteristics/Attributes Teacher Definition |
s bhe+c=y An equation that can be a® + |
bt + ¢ =y where a, b, and c are |

y= real numbers and a = Q. |
I

I

|

A &,

Figure 5.9 Sample completed vocabulary organizer.



Vocabulary Skétr.:hes

Defimition;
thedch
Sentence:
Defimition:
skeich
Senienoe;
Definition;
Skebch
Sentende:

REPRODUCIBLE

Vocabulary Notebook

New Word and Definition in Your Sentence and/or
Illustration Pronunciation Own Words Connections

Teaching Your Secondary ELLs the Language of Tests: Focusing on Language in English Language Arts
© 2009 r4 Educated Solutions ¢ solution-tree.com e Visit go.solution-tree.com/ELL to download this page.
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VOCABULARY SELF-RATING

Purpose Thes activity alerts students 1o the key words they will learn and helps them plan
and monitor their learning. It helps students be aware of what they know, and take
responsibility for what they need to leam. The teacher adjusts lessons based on a guick
review Of sludents’ personal rating sheets,

Description Students rate thair knowladge of key vocabulary words before and after the investigale
phase of the lesson, A student’s sell-raling is personal; it may be shared with the teacher,
but it is not graded. Students rate whathar they know the word (K), do not know the word
{OK), or are not sure (7) at threa different points: before the lesson begins, after specific
wocabulary instruction, and after nstruction on mathematics content (at the end of the
antira lesson).

Use » Iniroduce phase: The leacher pronounces sach word and students rate their
knowledge bevel. This alers students to words they need to leamn. A quick survey of
completed columns alerts the teacher 10 which words to emphasize.

» [Investigate phase: Students rate the words &gain after vocabulary instruction.
Studenis see their growth and the teacher seas which words need more attention
during the content lesson,

» Summanze phase: Students rate the words once ajain and see their growth, while
the teachar sees which concepts need further discussion and what content retated 1o
the words may not be sufficiently understood.

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Example mﬂmtammdmmmmmmmhm&cﬁfsm&mm
division of whole numbers.

Vocabulary Self-rating

Mame:
Lesson Topic: Period:
K: | am sure | know it DK: | am sure | don't know it T: I'm not sure

Word After Vocabulary
{part of speach) Before Lesson Discussion After Lesson

Divisor (n.)
Division {n.)
Quotient (n,)
Divided {v.)




Lesson Framing Strategies



Proofs

Theorems about
Angles and Lines

How theorems can be
used as facts in proofs
of other theorems



Equation TERM & POLYNOMIAL FUNCTION

Constant function (Degree 0)

Linear function (Degree 1)

Quadratic function (Degree 2)

Cubic function (Degree

T-Chart with notations 3)

or drawings




Provide Concept Organizers to
Complete as the Lesson Progresses

Charts or Tables

Diagrams

(Partially Completed) Content Outlines

T charts or Cornell Notes (2-column notes)
Cumulative Summaries

Daily Previews

Focus Question—Cycle Back to Answer



& H W N
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Quadratic

Parent Functions

Linear | Quadratic Cubic
Polynomial
T (i
Exponential | Cube Root

Absolute |

Square Root
)

Value TR .r_”,_*L_ ;
| |E
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Research-based instructional design

5 principles for teaching ELLs

Explicitly stated objectives

in each lesson/module
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. Content and
Language Objectives
Students express Opening activities
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\" Understanding = | N0
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practice in gﬁ!h instruction: visual,
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Interaction /Practice /Language
Use Strategies



Post it-Pile It - A technigue to help encourage and increase participation

When posing questions to a class mixed with ELL, students who do not feel confident in their language skills may hesitate to respond. One way to increase
participation in your ciassroom and help to include ELL in the discussion is to use the "Post-it-Pile-It' technigue. The teacher gives post-it notes to each student (they
can vary in size depending on the length of the answer), poses a question and then has every student answer the question on the post it, the students then pile
their answers under the question on the flip chart or board. This technique also makes the student responses anonymous, helping to encourage confidence in
participation.




Practicing Language While Deepening

Content Learning

[

Help students use the
core vocabulary you
planned for the unit

Make sure to extend
students speaking
ability: length and
complexity

Give sentence frames
and starters

1 Show diagrams, equations
that students have to
explain to a partner

11 Give charts, diagrams,
visuals for students to
complete (We do, then | do)

11 Practice multiple choice

items in quizzes and share
responses; discuss why
certain answers are the
correct ones



Sentence Frames

Sentence frames. The following samples can be
posted as a scaffold as students learn and practice
their reasoning and oral participation skills.

think , because .......
predict , because ........

claim ; my evidence is .......

agree with that .......
My idea is similar/related to NAME’s idea.......



Sentence Frames

| learned /discovered /heard that ........
<Name> explained to me........
<Name> shared with me........

We decided/agreed that ........

Our group sees it differently, because .....

We have different observations/results. Some of us
found that.........

One group member thinks that ........

We had a different approach/idea/solution/answer .



Discussion Sentence Stariers

Predicting

» | puessipredicimagng thal
» Hased omn..., inder 1hat

v | Rypotrosize thal

Asking for Clarification

s What do you maan?

= Wil you gupiain tha again

» How did you find your answer?

Soliciting a Resporss

s st do you shink?

» fwa hawen T heaed fnom you yed

s Doy ou agrea®

» Whal & your sehution? How did you ot 87
Affirming

» That's an interestng idea

» | hadn't thought of that.

» | 588 what you maan

Regarting a Pariners ldea

» __ Enaned with m thal..

» _ poritad out ip mg that

» _ Bmphagzed thal, .,

s conchsded that...,
Disagresing

[ dhof'T g with you Decasa,,
b | 9ol & it arder Than you,
i | e I Another wiy | think...

Expressing an Oplnion

¥ | el Desiers that

& I\ T OpErnon

s [t seams to me ikl

» Based on my axpensnca, | thms.

Paraphrazing

» B0 pou are saying that

e |r1 oifsgr wnngs, you think.
x What | haar you Saying S

Acknowledging |dnas

» My iclea = similar todrelated 1o
» | agree with ___ that

» My ko Duslcls upon ___ 5 i08a.

S Wea

Holding the Floor

CRTR R0 -

» I 1 eoudd finlsh my thooght. .

» What | was tnying to say was..,

Reporting & Group's ldea

» Wa decided/agread 1hat..

» We concluded that.,

» D group s6es 8 dilloralsy,
v Wi had a diffeant aporoach

Oifering & Suggastion
» Mayhe wa could. ..
v What if we...

» Here's somathing we meght tnyd

Source: Adapeed from Lasgpuape Sirategies for Acnve Clismoom Pievticipation {Junve 2007 with permission from
i\.-.l-'l' I\. |I:"u'|!l T|'\u dewuinenr can be avoessed L :|_'|.|.|._'H."...|.I.-|'\-|'\:I'|-\. SR ‘.'I...I.n.'\'l.' il |:|1I|l.l..l.'\.-| g R A -\.-1\;'.||'|'|I-.l
cllfkireeilasp. This welpape also lisgs mamy orther “open access™ documenis thair Kate Kineells presears i b
wrtlahiops



Cooperative Learning/TPTs
S

o Assign groups/pairs
o If a Group; Assign roles within
the groups

o Assign the task

o Provide appropriate amount of
scaffolding

o Intervene to ensure full
participation

0 Keep students on track




Speaking Activities

- Reporting back

- Inside-Outside Circle o

- Numbered Heads
JF j‘!

- Snowball Questions



Cooperative Structures

Numbered Heads Together

Students huddle to make sure all can
respond, a number is called, the student
with that number responds.

Paired Heads Together: Students in pairs
huddle to make sure they both can respond, an
“A” or “B” is called, the student with that letter

responds.




Plan an Inside-Outside Circle for
Our Unit to Give Students Practice




Snowball Technique

The Snowball cooperative learning strategy is a dynamic activity that allows
the students to move around the classroom making use of their social and
mastery skills. In this activity half of the students receive the questions on a
colored sheet of paper and the other half of the students receive the answers
on a different colored sheet of paper.

The students who have the same colored sheet of paper line up side by side
and an imaginary line is drawn between the two groups of students. Once
everyone is in line the teacher will ask the students to wad up their piece of
paper and throw it across the imaginary line to the other side. The students
then pick up one “snowball” and collaborate with others to find either their
part of the question or the answer.

For example if the students were working on their multiplication facts the
question would be a math problem and the answer would be a number. The
students would then go around the classroom communicating with the other
students until they find their match. You could also use this strategy to focus on
vocabulary, review for a test, or match history events to their dates.



Providing Feedback to Learners:
What and How to Provide
Language Correction



Rules in Providing Feedback:

Don’t just make incidental corrections; Show the student
how English works or provide practice

Include the whole class in the practice activity

Use Form-focused correction (FFlI)—show one thing
you are noticing the students are doing (e.g. third

person singular in present tense—leaving off the *“s"—
it go vs. it goes; not using have /has correctly); Keep on
it till the production changes, help students self-edit for
things you have taught them about English

Choose pronunciation errors that disturb meaning
(substraction instead of subtraction; yust-ify vs. justify)






Description of English Learner Strategies

1 | Predictable Routines and | Reducing anxiety non-languoge based
. Signals classroom managemennt
2 Advonced Orgonizers | Informing students of the learning goals
3 Preview / Review Building voecabulary and concepts to support
| understanding, summarizing, synthesizing
4 Acaodemic Languoge Supporting student use of language in
| Seaffelding academic settings (sentence frames)
5 Visual Providing language support through visual
.| Scaffolding/Imaging | images (Multiple representations)
6 | Vocobulary Development | Displaying and organizing words for easy
Word Walls, Dictionaries | access: Frayer and JAM models, student
dictionaries
7 Communication Practices | Creating opportunities for verbal
& interaction about the mathematics
Cooperative group work | Discussions: Pair-Share, small group, wheole
class
8 | Medified teacher speech; | Paraphrasing, repeat idea with correct
Paraphrasing vocabulary, adjust rate of speech,
enunciate clearly (hundreds vs. hundredths)
'9 | Leveled Questions | Adjusting questioning strategies to the
language and mathematics levels of
L | | students R
10 Story Reenactment Using the "Act it out” strategy for a
I cantextocgeablem:
11 Realia Strategies Connecting concept acquisition using real
L1 world objects .
12 Manipulatives Connecting concept acquisition using specially
designed
13| Total Physical Response Irrl-e.gmhrg movement into concept
L Acquisition
14 | Modified Assessment | Less paper and pencil assessment

Effective
Strategies for
Teaching
Mathematics
Content to English
Learners
CABE Conference
March, 2008




Judith E. Jacobs, Cal Poly Pomona
CABE Presentation March 6, 2008 Eacobs@csupomona.edu
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Selected Research for ELD and SDAIE Strategies for Mathematics Instruction

 Strategy
Predictable Routines and

Signals

' Advanced Organizers

' Preview/ Review

Research

Even though your content will vary, follow a predictable routine and a stable
schedule. Predictability in routine creates a sense of secunty for students who are
expenencing a lot of change in their lives.

(Peregoy & Boyle, 1997)

The final strategy is the use of modeling, graphic organizers, and visuals. The use of
a vanety of visual aids, including pictures, diagrams, and charts, helps all students—
and especially ELL students—easily recognize essential information and its
relationship to supporting ideas. Visuals make both the language and the content
maore accessible to students.

(Alliance, 2005, p.2)
Results indicate that not only did the students in the preview-review group score
significantly higher than the control and concurrent translation groups, the
concument translation group scored the lowest of all three groups and improved
slightly one week after treatment. These findings demonstrate positive

implications for the use of strategies which build background knowledge as a
means of teaching second language vocabulary to English learners.

(Ulanoff & Pucci, 1999, p.319)

Academic Language
Scaffolding

Classroom instruction should support bilingual students engagement in
conversations about mathematics that go beyond the translation of vocabulary
and involve students in communicating about mathematical concepts.

One of the goals of mathematics instruction for bilingual students should be to
support all students, regardless of their proficiency in English, in participating in
discussions about mathematical ideas. Teachers can move toward this goal by
providing opportunities for bilingual students to participate in mathematical
discussions and by learning to recognize the resources that bilingual students use
to express mathematical ideas.

(Moschkovich, 2002, p.208)




Visual Scaffolding/ Imaging

' Vocabulary Development
Word Walls, Dictionaries

' Communication Practices/
Cooperative group work

Learners acquire and store knowledge in two primary ways: linguistic (by reading
or hearing lectures), and nonlinguistic (through visual imagery, kinesthetic or
whole-body modes, and so forth). The more students use both systems of
representing knowledge, the better they are able to think about and recall what
they have learned.

(Marzano, Pickering, & Pollock, 2001)

Sometimes teachers focus so much on vocabulary and correct grammar that they
neglect to teach students how to use the language they are learning. Doing math
15 no longer just a matter of listening to the teacher, doing computations correctly,
and solving story problems. Students must be able to analyze, interpret,
categornize, compare, descrnbe, explain, demonstrate, present, and so forth. For
any of these functions of language, students must know what words, phrases, and
sentence structures to use, and how to use them. Functions can be effectively
taught through modeling, followed by guided practice and independent practice in
pairs or small groups.

{Irujo, Now/Dec 2007)

My review of the research showed that for ELL students working in groups, three
factors mattered. First, students within the groups should not be homogeneous in
their language ability. Students of different language ability need to interact in
order to improve the group's mathematical communication. MNext, the groups’
composition needs to change penodically so that students do not become
complacent with group work. Varying the groups’ makeup also gives students the
chance to gain insight from many different students” mathematical point of view.
Finally, students need to learn how to participate in groups. ELL students have
likely not participated in the type of group work most teachers may use. Rather
than assume that they are adept at working in groups, and thus set them up for
marginal success in your classroom, take time to teach ELL students how to work
in groups.

(Winsor, 2007, p.374)




' Modified teacher speech

' Leveled Questions

(Irujo, Nov/Dec 2007)

Although it is often recommended that teachers of ELLs use simple vocabulary
and sentence structure in order to make their lessons comprehensible, academic
vocabulary should never be simplified. Students need to master those terms in
order to achieve on math proficiency teslts.

Leveled questions are used when teachers adapt the way ﬂ'm]r ask qu&sﬁdﬁs'sﬁ
that students can answer or respond lo then according to their language
acquisition stage. This may involve the teacher using gestures, visuals, or slowing
the speech slightly while asking the question.

10

11

Story Reenactment

' Realia Strategies

Leamers acquire and store knowledge in two pnmary ways: linguistic (by reading
or hearing lectures), and nonlinguistic (through visual imagery, kinesthetic or
whole-body modes, and so forth). The more students use both systems of
representing knowledge, the better they are able to think about and recall what
they have leamed (Marzano, Pickenng, & Pollock, 2001).

One of the greatest problems English leamers face in content area classes is
reading the textbooks. Mot only is the language academic, but it is usually very
dry and dense, with few or no relevant illustrations, and presented in a linear
rather than cyclical way. Embedding this language in a sensory context by using
manipulatives, pictures, a few minutes of a film (without sound) and other types of
realia (authentic objects and sources of information) can make language
accessible and engaging for students.

(Walqui, 2006, p.173)

12

Manipulatives

Sowell (1989) performed a meta-analysis of 60 sludies to examine the
effectiveness of vanous types of manipulatives with kindergarten through
postsecondary students. Although these studies indicate that manipulatives can
be effective, they suggest that manipulatives have not been used by many
teachers.

(Hartshorn & Boren, 1990)

13

Total Physical Response

Short TPR activities, used judiciously and integrated with other activiies can be
both highly motivating and linguistically purposeful. Many leamers respond well
to kinesthetic activities and they can genuinely serve as a memory aid. A lot of
classroom warmers and games are based TPR principles.

(Bowen)
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Modified Assessment One the basis of previous research, we believe thal the following can be said with |

confidence al this time:

1. Transhing lest ilems from English into other languages does nol appear to
be an effective accommodalion stralegy when the students have studied
the subject in a classroom where English is used, The language of
assessment should match the students” primary language of instruction,

2. Some accommodaltions ane more effective with cerlain student groups than
wilh others, depanding on background factors such as English reading
proficiency and length of time in the United Stales.

3. The performance gap between English leamers and other studants has
been namowed by modifying the language of the lesl items o reduce the
use of low-frequency vocabulary and complex language stnuctures thal are
incidental to the conlent knowledge being assessed. This accommaodation
iz effective; it is also valid, because it does nol appear o affect the
performance of Englsh-proficient students.

4. Customized dictionaries can be an effective and valid allemalive to
commaercial dictionanes; they have been found to help English leamers
while nol affecting the scores of English-proficent students.

{Abedi et al., 2004, p. 17)

Compiled and Presented by
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Click to watch

Focus: How does she get the student to
understand the problem? (what scaffolds does
she provide?)

How does she give the students practice with
language?


https://stream.nyu.edu/media/Model+Algebra+Lesson+with+ELLs/1_t1shq8jt

Online PD for
Teachers of ELLs

https: / /teachnkidsle

arn.com/u_course ¢
at /english-

language-learners-

ell/

Home About TKL

TeacH & Kips LEARN INC.

ELL Strand

Differentiated
Inskruction

Farent
Inwalverment

Student Discourse

Literacy Strand

Literacy Strand

Literacy Strand

Deepening
Learning

ELL Strand

ELL Strand

English Language Learners (ELL)

Course Mame

Building Academic Language Skifls and English Language Learmers
[ELL) through Dialogue, Discussion, and Discourse

Strategies for Assessment-Driven Differentiated Instruction,
Grades K-12

Engaging Parents In Support of Student Learning, Grades K-12

Academic Discourse for All Students, Grades 6-12

Complex Textual Reading Made Easy, Grades 6-12

Building Academic Vocabulary and Deep Comprehension, Grades
K-5

Building Academic Vocabulary and Deep Cormprehension, Grades
6-12

Differentiated Instruction Driven by Assessments (Foundations]

Meeting ELL Students’ Meeds in Today's Classroom, Grades K-12

Academic Achievernent Far English Language Learners [ELLS)

Duration

Self-Paced

Seff-Paced

Self-Paced

Self-Paced

Seff-Paced

Seff-Paced

Seff-Paced

Seff-Paced

Seff-Paced

Seff-Paced

(D & https://teachnkidslearn.com/u_course_cat/english-language-learners-ell/

Online Courses by |

Start
Date
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