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Learning Difficulties Australia

Leaming Difficulties Australia is an association of teachers and other professionals dedicated

to assisting students with learning difficulties through effective teaching practices based on

scientific research.

N

':;k www |daustralia.org f @LearningDifficultiesAustralia
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enquiries@ldaustralia.org y @LD_Australia

Hi, I'm Erin Rollason

BSc, GradDipEd(Sec), MLI (SLD)
Learning Inferventionist
LDA council member

| curently work at a very large mainstream,
government secondary college in South East
Melbourne. My leadership role encompasses

Literacy and Numeracy interventions, with a
supportive direction in positive learning for
students with disabilities and SLD's.

Being neurodiverse, myself, | am passionate

about providing students with disabiliies and - m}ﬁ

SLD's skills to ensure equity in the school context. Email: erollason@ldaustralia.org

Numeracy language promotion in

%
Secondary School % o7 %o
% /o %
D" 0
To understand why the language /0 % /0
supporting numeracy can be O/D % o/o
challenging in Secondary
School.

To learn/revisit the language
that supports numeracy
knowledge promotion in

secondary school students
How to support numeracy with learning difficulties.

language promotion at school
and home.
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Conceptual

The 5 strands of math .
proficiency - |

1) Conceptual understanding- comprehension of mathematical
concepts, operations, and relations (involves modelling maths, math
vocabulary, concept mapping).

2) Procedural fluency- computing (carrying out procedures accurately
and efficiently).

3) Strategic competence-represent and solve math problems.

4) Adaptive reasoning- capacity of logical thought, explanation and
reflection.

5) Productive disposition- to see maths as worthwhile and useful,
coupled with self efficacy.
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"It's not just the vocabulary words that matter, but understanding the
relationships that underlie the words--the fact that 'eight' is one more
than 'seven' and one less than 'nine,’'

~Goldin-Meadow (2011).

The use of language in mathematics differs from the language of ordinary
speech in three important ways:

1) Unaffected by time (a slight difficulty lies in forming strong examples of logical principles
using ordinary subjects) (Math discourse- It just “is”).

2) Lacks emotional content.

3) Distinguishes mathematical from ordinary language (causes enormous difficulty).

Therefore, students need to learn the different tools of language in mathematics in order
to be successful.

https:/iwac.colostat jamison pdf
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The National Numeracy Review Report, 2008 (COAG)- Research evidence about
the role of language in numeracy learning.

Several issues relating to language and literacy were identified:

1) The specialised symbols and expressions of mathematical language.
2) The use of everyday English terms that have different meanings in mathematics

classrooms.

3) Language-based factors in solving mathematical word problems.
4) Communication in the mathematics classroom.

(COAG, 2008)

National Numeracy Review Report

May 2008
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A summary of key linguistic features of the mathematics
register is indicative of the different aspects of language

involved.

Features in a mathematics classroom:

Multiple semiotic register

e mathematics symbolic notation

e oral language
e written language

e graphs and visual displays

Grammatical patterns
technical vocabulary
dense noun phrases

conjunctions with technical meaning

L]
L]
e being and having verbs
L]
L]

(Schleppegrell, 2007)

implicit logical relationships. ' e!}

Why is numeracy language important when

Allows for
understanding of
what process/
formula/ calculations
are required.

Strong connection
with symbolic
representation of
numerals

learning math?

(Kolkman, Kroesbergen, & Leseman, 2013)

Allows for
identification of time,
possession, direction,
pronouns and verbs.

Strong connection
with math
operations




Why is numeracy language important when
learning math?

What is the question asking me?!
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Decoding worded problems

P’fb?iéi ent

Focus area 2.5

12




13

The first step in learning the formal communication of mathematics is in learning
definitions (Jamison, 2000).

Di Gisi and Fleming (2005) describe three types of vocabulary that students need
to be able to solve word problems:

e mathematics vocabulary
e procedural vocabulary
e descriptive vocabulary

education.vic.gov.
derstanding.aspx

X l _una
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Evidence-based Vocabulary
Strategies for SLD students

) S N
Graphic organiser- |
The Frayer Model, | Mnemonics
glossary \
/,/ ///
Word play/ ‘ Morphology
vocabulary games
N e
Teachers, allied health and parents can implement these ™~~~
strategies o
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Language supporting the learning of

Beck, Mckeown, and
Kucan (2002).

mathematics.

Tiered
Vocabulary /=

Domain-specific
scademic vocabulary
Tier 2
‘high-utility academic vocabula

found in many content texts,
cross-curricular torms

Tier 1

everyday words familiar to most students
primarily learned through conversation




Vocabulary Selection Planner

‘questions 1o arive 1.2 st of target words.
CENTRAL TEXT.

TIER TWO WORDS IN THES TEXT TIER THREE WORDS N THIS TEXT

Focus on current
Of the Ther Two words In thi fext, which aro Of the Tor Theve words in this taxt, which ans vocabulary

ooty ntomilie 10y stucenia? oty unforile to iy studonte?
(chapter/concept).

Which Tier Twa words from this text ar Wihich Tier Threa wards from thi
ossenial for comprehension? essential for compreension?

Wihich Thoe Two worda wil | Ewgot 10 SxpACIt  Wich Thes Throo worcts wil | targat for xplicit
Insiruction” instruction

Which Thar Two words will cover through  Which Tiar Thros words wil | cover through
incidontal instruction? Incidantal instruetion?

Linkinresources | | @ \

FINAL LIST OF TARGET WORDS.
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s in the classroom:

Frequently ask the student/s:

1) Have you seen this word before?
2) What does it mean in everyday language?
3) What does this mean in the maths classroom?

17

Vocabulary Knowledge Scale (VKS): INTEGERS Chapter 1t Cambridge.

PART A Your taskis by cieling, from (1-5) for each term.
.
=i VKS- Vocabulary
I have seen but | don't it

~

x v g E - Knowledge Scale

R—

Wesche & Paribaknt (1996)

-

(3 you do this section, please aiso 6o category 4; 5 paints).

1don't remember having seen this word before (1 pono.

. 1 have seen this word before, but | don't think | knaw what it
means (2 peets).

2. Quotient 3. I have seen this word before, and | think it means.

~

transiation;

3 polnts)
. 1 know this word. It Means. ...

PRE——————— SO
4 points]

)
I can use this word in a sentence —
[ ]
I you do this bectin, pleate sl 8o catigory 4; 5 points). scoring instructions are in resources

"
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W e v bearming sbot i, Bk

Necxerruity Chomes Feshe ox Fokae Alaeme (FA3_|

K () o s

Classscon Seoee Cuulation Optn A (- FA < K
1213

He6:20 zolzs * 0%

ey ¢ cleutaed i o of the ol g hece .

Clasrormn Score Caleulation Optm B (Rercestegs of Corsea O = K3

=== | VIR-Vocabulary
4 Recognition Tool

Anderson and Freebody (1983)
Scoring instructions are in resources

Kot Coenbaon Opicn € (] - PIFAY/ 1. FIFAL =P (KD
Yo o .T78-.H $35.. gy https://www.readingrockets.org/article/classr
i TR L A

oom-vocabulary-assessment-content-areas
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word Everyday

(from ]

mean nasty

Glossary

Glossary )

Also called the average. The sum of values in a data set
divided by the totol number of values in the data set. For
example, if & data set consists of the values then the
mean Is defined as:

For example, for the following list of five numbers {2, 3,3,
6,8 the meon equals

average | ordinary or even less
than ordinary

Average: Also called the mean. (see above)

ducation.vic.g

In secondary school, textbooks are generally too difficult for struggling readers and require a level of
content-specific prior knowledge not typical of this group (Hirsch, 2003).

rms.aspx
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MATHEMATICAL MEANING

Number & Algebra
(verb)

The process of finding the total of twoor

MATHEMATICAL HOMONYMS & HOMOPHONES

This word also
sounds like
butthe  This word can also
spefling and meaning  mean___ in everyday Use. - pictionary fink
is different

mote numbers of quantities. ad (abbreviation of &
add *Four add three’ would be writtenas 4 + 3. | advertisement) "

Permitted : -
allowed Tomake passible. | aloud 1

Measurement & Geometry

The measure of tum between two straight

lines that meet.

A protractor is used to measure an angle.
angle | Angles are usually measured in degrees. ankle | aviewpoint of a standpoint | 1 e

du and
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“In terms of meaning-making systems, students must move between
written language, oral language, symbolic notation, and graphs and
visual displays. They must also become familiar with mathematical
grammatical patterns relating to technical vocabulary, use of
synonymous verbs, and implicit logical relationships.”

(Schleppegrell, 2007)
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displays.

introduction to data analysis: Box Plot

lower — upper
quartile Q1 quartile Q3
min
I wihisker
—_—
'

interquartile range (IQR)

Language in graphs and statistical

Understanding the language surrounding graphs/statistical data is imperative in
order to deconstruct meaning/interpretation.
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displays.

Graphs: Box and whisker:
Axes Median

Axial intercept Outlier

Axes intercepts Range

Turning point Interquartile range
Origin Quartile range
Gradient

Plot

Language in graphs and statistical

General:

Mean

Mode

Quantitative data
Qualitative data
Frequency distribution
Population

Central tendency

|
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Morphological matrix

Base word/ Morpheme

Prefix/es

~

-

a
con
pro
sub

\
tract

"draw,
drag,
move"

Z

able
ed
ion
or

Etymology- ‘tract’ original meaning

Simplified version
Base word- ‘fract’
Prefix- ‘at’ ‘con’ ‘pro’
‘sub’

Suffix- ‘able’ ‘ed’ ‘ion’

Bowers & Cooke, 2012 l Q
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A WORD MATRIX USUALLY ONLY SHOWS SOME POSSIBLE WORDS.
'YOU CAN OFTEN FIND MORE IF YOU TRY!

Rules for reading a word matrix:

+ Read a matrix from left to right.
+ Make only single, complete words from a matrix
« Only build words you can use in a sentence.

* You do not have to take an element from every column of a matrix — BUT...
« You must not ‘leapfrog’ over a column.
+ WATCH THE JOINS! Sometimes changes happen where you add a suffix.

at ra ct\ able
con i ed
pro draw, fen
sub drag, % or
move

+ +

Prefix(es) Base

Suffix(es)

Build words with your connecting (or cut out pieces) prefixes and suffixes below. Once you have built
a word, write the word sum as modelled in 1 and 2 (below):

Word Sum
1 Sub + tract
2 Sub + tract +ion

Word
Subtract

Subtraction

|

| (€

26

tract |~ |,

Full complex version

27




N o .
Math Morphemes (Ron Yoshimoto compilation)
morpheme  meaning sample word | morpheme meaning sample word
alt high altitude nom name denominator
circum around circumference | numer number numerator
colicomicon withlogether  collinear oid resembling  trapezoid
de down/away  denominator para beside parabola
dia across diagonal pend hang perpendicular
digit finger digital peri around perimeter
equi equal equilateral ply/plic fold multiply
fer bring/carry circumference put(e) think ‘compute
fract break fraction radi ray radius
gon angle polygon rect nightstraight  rectangle
grade step centigrade sect cubidivide bisect
gramigraph  write kilogram sphere ball spherical
hedron sided object  tetrahedron sub below/under  subtract (Morphology
hypo under symmetric e
inter between/ intersect tang touch tangent CI;‘;‘:Z «
. among therm heat thermometer 2019)
iso equal isosceles tract drag/pull protractor
fat side collateral verselvert  tum vertex
tin line collinear
medi middie median Q
metermelry measure symmetrical
mut change commutative

03/05/2023
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Math Morphemes (Ron Yoshimoto compilation)

* same for Latin and Greek

Number Prefixes

# Latin sample word : Greek sample word|
1 uni- unicomn : mono maonopoly
2 bi bicycle di digraph

du(o) dual )
3 tri tricycle tertiary
4 quadr/quar quarter tetragon
5 quint quintuplets pentagon
6 sex sextuplets hexagon (Morphology
7 sept septuplets  : heptagon Matters,
8 octalocto” : octalocto® octagon Wiliam Van
9 nonanove November o
10  dec/decaldeci® : dec/deca/deci* decade
100 cent cent : hect hectogram
1000 mille millipede : kilo kilometer ' a

29

Word Parts: Ceiling Spiders

rate.

H
.': wdrate (itn)

rjdraticn
dehydredefien)

https://keystoliteracy.com/blog/using-
morphology-fo-teach-vocabulary/

30
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Language continues to help students move from concrete math skills
based in physical objects toward a more symbolic math ability focused

on numerals.
(Kolkman, Kroesbergen, & Leseman, 2013).

31
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Learning math symbols = knowledge of
context

[ multiplication® |

&

Via Twinkl.com ' Q

32

Symbols with no context...

+24 32 + 567 +406 567 502
e
— -98 73-23 -7°C
5x4 5+5+5+5 3 x 150ml beakers
&
< 19 8 +4 8/4

What does this all mean? ' Q

33
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Variations on the equals sign:

# which means ‘is not equal to’

=~ which means ‘is approximately equal to’

> which means ‘is greater than or equal to',
e.g. > 2 means that x can equal 2, but it might also be any value larger than 2.

< which means ‘is less than or equal to',
e.g. y < 7 means that y might equal 7 or might be any number less than 7.

S | &
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Mathematical symbols- student sheet

Jess than or | more than or
squared cubed quare root | radical cube root oF [morethan of | eccnan | more than
| equalto | equalto
‘ . 0 0 1 ¥
equalto | notequalto | brackets | brackets | brackets mean therefore | paralle simitar
& : = .
decimal degrees
congruent multiply b infinity ¥ thets
& ply by point Celsius
AB p ‘ I ‘ n
‘ ddition o plus 0 Via
3 addition or | s 30 | perpencicular
degree: ray AB angle sum of integral X

" s ‘

35

Concept mapping

Count with -1
L:mspnﬂ"“‘

more nan [ies thet |

Bercheark
ERN e g il grup™g
s e B
Bl e ;
= tatly

i = ey | kil ' G}
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FRAYER MODEL

Definition: Studen.Fiendy
descripton of e term (generaly
acher

)

EXAMPLES:

CHARACTERISTICS:
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inappropriate o
relowant fistratons that donot
8 the charactaristics.

https/iris.peabody vanderbilt
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Frayer model to build vocabulary

Frayer Model

Student Definition  SYMbol (%)

Percent means parts per
100

Percentage formula:
Part/whole x 100 =%
Percentage difference:

Difference/original x 100= %

75 is 50% of 150

Examples

Fractions  50/100

Decimals 34.78

Picture

25%

Non_Examples

38

dste

Modeling Math

concept

TCan wrice it with numbers!

1€40 write 3 50ry proiem.

1¢an model it using
o ehinKing.

TCan draw 3 piceure of It.

S —— ¢)

csasd by omnifer Sub
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Nome : o

Luteps, IME=TDERY

phodeting Math Meaninggy,

[1Can wriee e with pumbers: Ton drarw  picwure of .

~ B

‘ - Y

i ork 2 2 v \ ( e

9 377
L (o be. mode inh

et
1¢an modet I using L' -

¥ © math w0k and explain ?
o enineing f 0
k ( )
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LOWIETT " yath Vocabulary Connection
¥ Symmetry

Jefinition In my own WOrds:

Mnemonics

SOHCAHTOA

== -

. P s

{-- o === e

oM. o oA
"SOHCAHTOA" is a helpful for finitions of the tri functions sine, cosine, and tangent L., sine
quals opposi G quals adjacent over and tangent equal adjacent,

©
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BI DMAS (acronym)
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Order of Operations
B | Brackets 10 % (6 +2) =10 % 6 = 60
I Indices S5e2=5e4=9
D |Division 10+6+2=10+3=13
M |Multiplication [10-4-2-10-5-2
A Addition 10x4+T=40+7=47
S |Subtraction [10+2-3=5-3=2

43

HULTIFLICAT S
rAL2 0N
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Game play- supporting numeracy

language
Pre-Algebra Chapters 1- 3 ———
COTTTTT] CLIITT]]

[1T]
OO TT 1
] "T"H'T"T"I'FTW"T'I u
I SNEEEEEEE L

Jeopardy- define, syncnym, antonym and sen

KAHOOT

Ol ¥
Product Equivalent Area
& @
Perimeter Volume Expresgia

45
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Word Snakes and Ladders

03/05/2023

30ay z y 20xy
32yz S5¢t ldez
15bx 24bx 3b6az

18bc 8ab 3077
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Environment- supporting numeracy
language for SLD students

e Glossary poster with definitions and accompanied pictures/diagrams.

e Quick reference cards.

e Repetition of important terms or concepts over an extended period of time.

e Incorporate Interleaved practice.

e Explicit instructions.

e Ongoing planned revision, and purposeful use of key mathematical
vocabulary(e.g. talking, listening, writing), is key for ensuring all students
retain use of language.

e Giving mathematical concepts relevance to everyday life.

e Promoting numeracy language throughout all subjects in secondary school
(i.e., Goos, Geiger, and Dole (2014) model).

e Highlight/underline key vocabulary terms in a question and unpack 1hr Q
meaning.

R ] . . g .
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Lastly, supporting math reasoning...

In the classroom to assist with math reasoning skills of students who struggle with
Math (who have specific learning difficulties) use:

1) Explicit instruction.

2) Student verbalization of their reasoning.

3) Visual representations to solve word problems.
4) Heuristics.

5) Range and sequence of examples.

6) Peer-assisted learning.

|

Kiuhara et al., 2014

48
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Instructional Approaches for Promoting Math Reasoning

Schema I ion

nin the problem using the diagram
n

ExFind the problem type
O=Organize the info
PaPlan to solve the pro
5<Solve the problem

Self-Regulated Strategy
Development (SRSD):
Six Stages of Instruction

kground knowledge
ts talk about current performance, the purpose

benefits

strategies
Model it using think-alouds

4: Memaorize it

5 Students practioe using the strategies with faded support
Stage 6: Independent performance

dra (2012) and Graham and Harris (2003)

From Montague and J
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L supporting r is ly

due to terms having mixed meanings, different contexts,
pre existing vocabulary knowledge, and having evidence-
based tools to assist with vocabulary promotion.

L

Numeracy language is important when learning math,
as it promotes word knowledge, reasoning, executive
functioning/lessening cognitive load and
comprehension in long worded mathematical

problems.

Supporting numeracy language at school and home can
be supported in many different way:

Vocabulary- Frayer models-graphic organisers,
glossaries, Mnemonics, Morphological matrix, game play,
visuals and concrete materials and Goos et al., 2014,
model.
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Thank you

Questions?

=

enquiries@ldaustralia.org ’ @LD_Australia

€)

www.ldaustralia.org f @LearningDifficultiesAustralia

€)
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Helpful Resources

Mathematics Glossary

Addition is one of the basic operations of arithmetic and algebes and involves the
hitps://www.education vic.gov.aulsc  <Ombination of two or more quantities using the + operator. Simple examples could include
B o 00l sS 344 = Torx 4 y = 10, The inverse oparation of sdcition i subtraction.

hoolfteachers/teachingresources/di

ipline/english/literacy/Pages/lim,
e rcL=2008 L Addition may be defined more farmally depending on the sontext, For example:

3 w { counting.
& Addition of real mumbers may be modelied using lengths of joined, distinct line
segments on a number fine,

For sets, if n(A) represents the number of elements of a set A, and sets A and B are

disjoint sets (that s, Lhey have no elements in commonl, then:
n(ACE) = n(A) + n(B) Q

03/05/2023
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Helpful Resources- glossaries:

Statistical terms and concepts (ABS):
https://www.abs.gov.au/statistics/understanding-statistics/statistical-terms-and-concepts

L and ical glossary:
https://www.westernsydney.edu.au, file/0009/1628244/Mathematical_homonyms_and_homophon

es.pdf

Etymology assist with base word origins):
https://www.etymonline.com/

Mathwords (An interactive math dictionary with enoughmath words, math terms,math formulas, pictures, diagrams,
tables, and examples )
http://www.mathwords.com/

MathCentre (gives information on the appropriate use of symbols)
http://www.mathcentre.ac.uk/resources/uploaded/mc-ty-mathlanguage1-2009-1.pdf (3

53

Helpful Resources- graphic
organisers:

Frayer model template

https://iris.peabody.vanderbilt.edu/wp-content/uploads/modules/sec-
rdng/pdfs/sec_rdng_07_link_Frayer.pdf#content

P —

Vocabulary Selection Planner
hitps://www learningforjustice.org/sites/default/files/2017-07/6-
12WW_Vocabulary%20Selection%20Planner.pdf

Morphology Matrix- maker
hitp://www.neilramsden.co.uk/spelling/matrix, e

Modeling maths graphic organiser
http://mason.gmu.edu/~jsuh4/teaching/Modeling%20Math.pdf

54
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Helpful Resources- game links

Crossword maker- maths (make or print FREE math crosswords- hundreds to choose from)
https://mycrosswordmaker.com/Browse/Math

Word Search- maths (make or print FREE math word searches)
https://mywordsearch.com/Browse/Math

Mathstaters BINGO
https://mathsstarters.net/bingo

Kahoot
https://kahoot.com/schools-u/

Quizizz
https://quizizz.com/admin

03/05/2023
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Helpful resources- VKS Scoring

Scoring:

1= 1 point, 2= 2 points, 3 (Synonym or translation) = 3 points, 4 (Synonym or
translation)= 4 points & 5 = 5 points per word.

Incorrect response:

Incorrect response in category 3 = 2 points for the total item even if
the student attempted category 4 and category 5 unsuccessfully.

If the sentence in category 5 demonstrates the correct meaning but the
word is not used appropriately in the sentence context= 3 points.

4 points are given if the wrong grammatical form of the target word is
used in the correct context.

A score of 5 reflects semantically and grammatically correct use of the

target ward

56

Helpful resources- VKS Scoring

Scoring:
Any incorrect response:

e In category 3 yields a score of 2 points for the total item even if the student

attempted category 4 and category 5 unsuccessfully.

If the sentence in category 5 demonstrates the correct meaning but the word is

not used appropriately in the sentence context, a score of 3 is given.

e In category 5, a score of 4 is given if the wrong grammatical form of the target
word is used in the correct context.

o Ascore of 5 reflects semantically and grammatically correct use of the target
word.

57
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Helpful resources- VRT Scoring

Scoring:

® A correction formula was applied to obtain a score that adjusts for possible
guessing.

® A student scored a "hit" (H) when the word was circled correctly

® A student scored a "false alarm" (FA) if an unrelated word was incorrectly circled.

® The proportion of words truly known, P(K), was determined with the following
formula: P(K) = P(H) - P(FA)/ 1 - P(FA)

03/05/2023
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Further reading

National Research Council. (2001). Adding It Up: Helping children learn
mathematics. Washington, DC: The National Academies Press. doi:
10.17226/9822 (download FREE here:
https://nap.nationalacademies.org/read/9822/chapter/é)

e Evans, David. (2017). Examining the Literacy within Numeracy to Provide Access
fo the Curriculum for All. 10.1108/51479-363620170000011003.

e Extensive collection of published writings on many aspects of mathematical
language
https://www.nctm.org/Publications/Publications-Main-Page

Learning Mathematics https://files.eric.ed.gov/fulltext/ED521890.pdf

o Mathematics Instruction for Students with Learning Disabilities or Difficulty !

59
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