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Numeracy and Literacy
Understanding and Reflecting Upon the

Interconnectedness
Sudeshna Sinha

y journey as a teacher has been
M spent in building learning spaces,

creating appropriate learning
approaches, and trying to find solutions to
learning problems for teachers and students
aged 7 to 15 years old. Theirs have been
backgrounds of challenges - of special
needs, of everyday struggles with social and
emotional discrimination, and varied layers of
economic distress.

Scattered throughout the cities and villages,
these students and teachers have been from
different learning spaces, mainly including
government schools and orphanages, private
schools, NGO-operated support centers,
railway platforms, informal settlements
around brick kilns, and remote tribal clusters.

At Shikshamitra, our engagement as an
organization in the area of elementary
education has exclusively been channelized
in providing foundational literacy and
numeracy for these children, and sharing
pedagogic knowledge with their teachers and
guardians.

Reading provides both
context and motivation for
students of mathematics...

Basic Literacy enables learners to read and
write in order to comprehend, express and
justify their own thoughts and opinions,

and to make an effort to empathize with

and appreciate others better. Basic
Numeracy nurtures the ability to understand
the number concepts, to use numbers
appropriately in all four operations, solve

problems, look at patterns, and to estimate,
analyze and interpret data. It is however,
needless to mention that it is language

first and foremost that is predominantly
the means by which a learner ultimately
comprehends and communicates — to grasp
these numerical skills.

Getting Ready for Literacy and Numeracy:
Pre-skills

An array of skills together referred to as
‘readiness’ or ‘pre-skills’ pave the way
toward literacy and numeracy. Activities with
different objects and pictures in matching,
sorting, picking the odd-one-out, comparing
and grading, completing patterns, listening,
recalling, narrating, scribbling, painting, and
speaking are the prerequisites that prepare
learners for future skills in numeracy and
literacy. It is interesting to note that all these
readiness skills work in unison, through
interdependence and complimenting with
each other while laying the foundation.

For example, as a learner identifies with
Goldilocks in the house of three bears, it is
the little bear’s chair, food, and bed that quell
the fear and offer comfort and safety equally
to Goldilocks and the learner. Simultaneously,
the learner warms up to the concepts of size,
amounts and gradation within that same
story.

Early literacy and numeracy skills are
taught and learnt together. It is later in the
primary school years, however, when we
start separating language and mathematics
into two different entities, that the conflict
surfaces and deepens.
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The Reality: Numeracy Becomes a Check for
Literacy

We have often been witness to conflicts
that can emerge out of math and language
classes. It begins with students being unable
to read and understand problems and

word sums put before them in math class.
Questions are then raised as to how the
students were allowed to advance into that
class with such poor literacy skills! Neither
can they read with proper comprehension
nor do they understand instructions, oral or
written.

It is the interconnected
learning that matters
finally. Proficiency in
literacy and numeracy
prospers through the
process of interconnection
— as do all the other school
subjects.

Moreover, most of the students do not write
well. The language teachers down the line
are inevitably put on the mat. The math
teachers choose not to do anything about
the desired language skills among their
students. Language indeed is the prime
vehicle of communication. It is indispensable
for achieving sound numeracy and further
learning of any other subject.

An immediate arrangement for a reading-
writing program is the need of the moment.
It should be offered by any teacher, including
the math teacher! The onus is on primary
teachers to facilitate the learning of basic
literacy and numeracy for all students. All
teachers must be thus equipped.

Attaining Literacy and Numeracy

Reading is not just letters and words,

it is more than that. Words are learnt in
contexts. Specific contexts like market,
food, forest — or even a story — provide an
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array of words uniquely specific to it. New
words, put together in meaningful sentences
and paragraphs, are learnt in association,
retained, and then internalized. These are
further used in different situations and
become reinforced through usage.

Math is no exception. It is not just numbers;
it is more than that. The use of numbers, like
words, is learnt in contexts such as ‘more,
‘less, ‘multiplying, and ‘distribution’. Each
word denotes a different concept and a
different process for manipulating numbers.
The operations and words used in association
with them are learnt in given contexts. The
‘math words’ or ‘terms’ are successfully
added to the learner’s vocabulary. Math, in a
sense, is just another language!

Building Interconnections for Better Literacy
and Numeracy

“Sums are nothing but little stories to be
solved.”

| remember a teacher repeating this in the
language classes. Sums can be narrated as
stories, discussed, and computed together in
the language class.

*

Known words, learnt in the language class,
can be used to build word sums to ensure
better comprehension, computation, fewer
spelling errors, and more confidence.

*

Students can be given a free hand in creating
their own sums using their vocabulary and
experiences in order to add to the class pool
of sums for practice.

*

Common worksheets that highlight similar
patterns of math and language exercises
encourage logical thinking.

*

Write a story in 3 lines using the given words:
night/sky
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*

Make sums using the given numbers: 2,3

*

Complete the following exercises:

Combining numeracy and literacy skills can
also be an interesting venture.

Use the numbers 3, 6, 9 to build a story.

* kK% k%

Are children able to read the terms and
compute without having symbols provided?

Read the instructions and compute:

Divide: Subtract: Multiply:
32 32 32
4 4 4

*

Students could be asked to write out the
instructions for these sums:

a.45+ 35
b.90+15-6
Reading and Mathematical Literacy

Reading provides both context and
motivation for students of mathematics
(David Whitin, Heidi Mills, and Timothy
O’Keefe). Different kinds of texts, including
stories, serve as catalysts. The context of a
story stimulates the learners (including the
teachers) to think in new and diverse ways.

As they feel encouraged to apply the different

numerical skills that they already know, the

context might also initiate learning of a new
mathematical skill!

Exploring further, students can
spontaneously move into the realms of
Environmental and Social Studies and also
navigate the possibilities of the performing
and visual arts.

To illustrate the influence of reading on
mathematical skills, let us look at the story,
‘The Sky and the Earth’ with the appropriate
worksheets.

L ity e T * ¥
Kibhe o PRV LR T it M iR
e * *- *

+ The Sky and the Earth . ‘-
For Class levels 4 & 5
Long, long ago, the Sky hung low, very close to the Earth. The
people on the Earth could touch the Sky when they wished.
The people and the Sky falked to each ther.

There was an old woman with a huge hunch on her back.
Every time she bent down to sweep her house, her hunched
back would touch the Sky. She just didn't like it.

OCne day the old woman got very angry. She grabbed the
broom and gave the Sky a terrible beating!

Shocked and Insulted, the Sky was hurt. He ran away and
moved high up, away from the Earth. The peaple called him

ogain and again but he never returned.

The Sky never stepped down.

Lok katha (a folk tale)

As students read and discuss ‘The Sky
and the Earth,’ they are to apply the skill of
categorization in worksheet B1.

Look at the words from the story. B1

people he ran away
E A

she

sad

P / I : - , ! 3
shocked B v g v beat up

low i
wild, high  called

Put the words in the correct houses.

Sky Earth
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The next two worksheets help students

to hone their skills in the sequencing of
events (B2) and sharpen their ability to make
comparisons by working on a Venn Diagram
(C).

Complete the story. B2

aaaaaa

Make your own illustration for the story.

‘www.shikshamitra~education.org

Fill-in the Venn Diagram

Next they are to solve simple numerical
problems using the worksheets below.

Love Our Earth

o
L=}
—
'
[=2]
™
'
[yl
w
—

42=Green |~ (18=brown|| - |26=Yellow

55=red 34 = Blua | 49 = Orange| -

) Eurthfruc:iﬂons
1 2.
3 4.
5 6.

Teacher’s note: 1/4,3/4,4/6,1/3,5/8, 4/4

It is the interconnected learning that
matters finally. Proficiency in literacy and
numeracy prospers through the process of
interconnection — as do all the other school
subjects.

It was a time of crisis when, at Shikshamitra
school, we were left with only two teachers
and a teaching assistant to teach the whole
group of students, ranging from beginners to
those in the 6th level (8-13 year olds). We had
no other choice but to create an integrated
plan of teaching and learning, borrowing from
David Horsborough’s pedagogy.

A different kind of time table was drawn up
with each learning session ranging between
one-and-a-half to two hours, allowing us
to cover languages, music, art and craft,
various concepts in mathematics, EVS and
social studies — under a single theme. All
the students sat in a single room, using the
library and computer spaces as and when
required. This way, we economized a lot on
time and space, and learnt to weave the
subjects meaningfully. Much more learning
was possible than what could be done in
standard classes of 45 minutes each.

It was, however, mandatory that we
teachers did our homework together. Each
of us were going through and discussing
all the subjects, then preparing self-study
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materials and appropriate worksheets for
every learning level (for both individuals and
groups), including for those who had learning
difficulties. The assessment of different
learning outcomes was often based around
one single story.

We tried this for six months, pleasantly
surprised to find that we were actually all
experiencing a boost in learning standards -
of both students and teachers — in the ability
to learn independently and to appreciate the
value of interdependence (between subjects
and humans) in a learning space.

We make the most of what we learn when
we discover the connection between the
different areas of learning and how they can
be a part of our everyday life. This is why we
need to be vigilant, always keeping in mind
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thatitis up to the learner to choose to learn
and to make the final connections.
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Opinion

Accessible Math Resources for
Schools from Vision Empower

Vaishnavi Gupta, Devidatta Ghosh, Jyoti Bisht, Supriya Dey

umeracy is a fundamental skill
N beginning with early childhood

care and education. Subsequently
in school, mathematics is a foundational
subject for everyone. It is especially
important for all those who wish to pursue
higher education in the Science, Technology,
Engineering and Mathematics (STEM) related
subjects. Children with visual impairment
have largely been denied the opportunity to
study mathematics beyond school education
in India, since it is considered a ‘visual’
subject. In other words, the pedagogy of
mathematics has been created by sighted
persons and has used mostly visual
representations such as diagrams, graphs
and charts along with printed texts for
explaining concepts, quite oblivious of the
accessibility challenges of persons with print
disability.

Vision Empower

Vision Empower is a non-profit organisation
with a mission to make STEM education
accessible for children with visual
impairment. For the team at Vision Empower,
inclusion is the only mantra which pervades
all our activities. A large part of our work
involves making basic mathematical
concepts comprehensible by school students
with visual impairment. Towards this goal,

we also design accessible materials to
support those who teach students with
visual impairment, and for those teachers
who are themselves visually impaired and are
teaching mathematics at schools.

Primary School

Numeracy through Play: For students in
grades 1 to 4, we have created a play-

based approach to develop foundational
numeracy among children. Through Project
VICT (Computational Thinking for the Visually
Impaired), we have created a joyful pedagogic
approach using the Ludic Design for
Accessibility (www.ludicdesign.org) approach
to introduce numeracy concepts through
accessible games.

Children with visual
impairment have

largely been denied the
opportunity to study
mathematics beyond
school education in India,
since itis considered a
‘visual’ subject.

These games are conducted by VE
educational coordinators with children in
small groups online or at school. We have
identified 12 key learning areas for acquiring
numeracy skills especially for persons with
disabilities through a detailed review of
literature. To cover these 12 areas, games
were designed and play plans were created
for caregivers. The play plans describe the
session-wise steps to play the games at
various difficulty levels [see Fig 1.A].

An example of a resource specifically created
for this is the junior braille card pack. These
cards are designed with tactile pictures of
the respective suit and embossed with Braille
digits. They are particularly suitable for
children who are not Braille literate as well,
since they have tactile dots equivalent to the
number [see Fig 1.B].
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Play Plan : Collaborative Sorting

Play Session Plans:

Fig 1.B

During the pandemic, games were designed
utilizing readily available materials at home.
A well appreciated teaching aid used in
games is the ten-frame. For this, an egg
carton with ten spaces and pebbles such as
marbles or even rajma seeds are used to play
games such as sorting, patterns, and the odd
and even game. The game application helps
children to understand arithmetic concepts
such as Systematic Counting, Relating
Numbers to Quantity, Quantity Discrimination
and Simple Arithmetic. Their learning can be
ascertained through the learning indicators.

For example, for Simple Arithmetic, one

of the key learning indicators for level 2 is
“Understands division as another way of
equal grouping /sharing /distribution.” For
level 3, one of the key indicators is “Explores
the multiplication facts of 2, 3, 4,5 and 10 by

Opinion

different ways like repeated addition, skip
counting, identifying and continuing pattern.”

The entire list of games, learning areas
covered and learning indicators are available
on the VE website (Computational Thinking —
the Ludic Design Approach :Vision Empower
(visionempowertrust.in)

Middle School

The VE school interventions include providing
students with Braille Math books introducing
Nemeth Code, the Braille characters for math
symbols, as required by each chapter [see Fig
2.A]. These books contain accessible tactile
diagrams and alternative texts for diagrams
and pictures which are reviewed by special
educators [see Fig 2.B].

Besides providing an accessible means
for executing each activity and concept

in the textbooks through detailed Teacher
Instruction Kits (TIKs), we provide the
necessary models or DIY videos (http:/
visionempowertrust.in/tactile-diagrams/)
which teachers can use to create their own
manipulatives for class.

During training programs, teachers are
acquainted with the activities and methods
mentioned in the TIKs. Following the
principles of Universal Design for Education,
all VE TIKs contain songs, rhymes, stories,
hands-on activities and accessible games
which use the multi-sensory approach of
teaching. For example, to teach fractions,
easily available materials such as egg
cartons, small size balls are used. [see Fig
2.C]

The content created for students and
teachers are made available in five

languages so far on our accessible Learning
Management System, Subodha [ see Fig 2.D].
The goal is to have teachers and schools
across the country access the platform easily
and find readily available accessible material
for them to use in their own contexts. In order
to ascertain the efficacy of the content and
the methods being designed by the team, we
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Fig 2.D

conduct sessions with children directly or
with their teachers and gather their objective
feedback [ see Fig 2.E].

Before publishing any content online, it

is vetted by our own domain experts and
accessibility experts with visual impairment.
The VE team has barely been able to meet
with students in person for eight weeks since
March 2021, due to the COVID-19 pandemic.
A large repository of content, especially for
high schools, is therefore yet to be validated
with the community.

Is Geometry a Visual Topic?

A concept which students with visual
impairment find difficult to appreciate
without improvisation is that of geometry.
For example, in order to measure the length
of a line, students need to be provided with

a tactile ruler [see Fig 3.A]. To make a tactile
ruler, a regular scale is used. Tactile markings
using fevicol are placed on the regular scale.
Students are trained to place the ruler on the
tactile lines and count the markings (dots) to
measure the length.

Also, after evaluating various tactile geometry
kits, we concluded on a combination of
the lightweight kit from Worth Trust in

Fig 2.E

comparison to the metal kit with large and
heavy tools from NIVH (National Institute

for the Visually Handicapped) . However,

we decided to use a regular compass and
provided rubber sheets to help children draw
using a stylus instead of a pencil and pins to
secure the tools on the board.[ see Fig 3.B
and Fig 3.C in the next page]

After much experimenting and observing
teachers and children face-to-face, we
recognized the need to first train the teachers
in understanding geometry concepts and

the methods of using the tools, for which we
conduct Pragya Teacher Training sessions.

All the accessible resources created at VE for
school students are aimed at empowering
them by defying the age-old stereotype that
math concepts are complicated and meant
only for the sighted.

There is a long way to go in this journey of
making maths completely accessible for
children with visual impairment. As we
continue our research and implement the
findings, we look forward to a more inclusive
and accessible future.

Vaishnavi Gupta is working as a
Communications Executive at Vision
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Fig 3.C

Empower. She is a journalism graduate from
Lady Shri Ram College with a keen interest to
use her skills in social enterprises.

Jyoti Bisht is an Educational Coordinator at
Vision Empower with an interest in inclusive
pedagogy. She has a master’s degree in
Education from Azim Premji University (APU).

Devidatta Ghosh is an Educational
Coordinator with Vision Empower and is an

Opinion

Fig 3.8

experienced science educator. She also holds
a master’s degree in Psychology.

Supriya Dey is a co-founder of Vision
Empower.

Website: http://visionempowertrust.in/

Email Address: vaishnavi@visionempowertrust.

org
Connect On: o O



https://www.facebook.com/Vision-Empower-237416101567208
https://twitter.com/vision_empower
https://www.instagram.com/vision_empower/
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TTRIfPreh ShETTaTT H TIOr forerur &t Reerfey

{‘l“N‘&llQue’ﬁ? A1 A
RIfed &Fa~ W ATqfed Ut ! qraaid

RIfed &Y 39 BEoi! giaaRict, §Tere 3
YIRIR T fTa, W%Wwﬁa"?/

'q'&r T Tepedl TR R AOreT fereror & aeir feerfer
WWWW%‘?

IR : H UTIfHen I8 371 Ha 1 J ol 8 T Dl
farerT oR 31fres ST BT STET A HRY I &, Tore
fareror Y Rearfy areet Y 2 81 W A= yoR &
IIEIUT Y & ST AT IR OR &1fT & fp fRreim s 5 et
3 ST B U & IFDT oIl A Al 98 A AT
<& 8 Qlfdp 31 el & o Reerfy sy SameT eRie 8
TP a1 SN P& |l ARI B & 98 Y 1ob oRE A e
TR TR 21 TN T o T Ty S of mifshamd
(procedures) 37R TR (algorithm - TOIRT
TR &1 R & fory o (eiRa g Hig <& &
ITp UTS o ST T AT AMfehed JATER BT T8 PH
LGRS

T 3R ISt TRAT I8 & o Ty R iR e em wR
SITET SR 81 I T & fob o0l o 8 Teb 37 Tl ReH
7 A1 07T 3TRY ARG & foIT g IATE a1 T 8, 7
B AT o= T fIerT 81 ararT & &R 7 & Sfla &
TR & SRIT UBR P ST Y & faepRia 8 urlt
81 & ST T o f 98 b § el 3T Hebell, eyl
ORIETT ORT R H D1 7T 8l

319 I8 ReIfT febeiT e &, fabeT Hicrerd s &
AT & 6 TR H F I ST &l D8 IR, AfebT
TR} STeATIDT A ST AT BT & I I8 a1 g
IO 31 AT 59 GIT F I AN 0T T RI&10T 987 B 8T
=g 17 38 & g8 o Rrem o7 A R s7ufarT & S|
BT BB |

4 : 30 14 G20 b SFTHT & AR WR FA1SY
FIT JATYDT ST & fob SR YR MR SFE07 YR H,
1T 3R ARDBRI TPall # AT I STHT T TPR B
S H - 5T P 1S, HAwas a1, e a1

3R 3MTSThet AT SFRRTSERT 1S oY 317 71U &, Tmerfies
YR R 0K f2reror bt Reerfer & e fafererarr € ar fohe
Y STE Refey @vTer & 87

SR : eI I & ATt 81T afeq) R oy Sep
PIS Ay Tel &, H 9 ST SHDT eI o 781
et & AfehT ¥ SRTCT & SH 1oh fafererdr 81 ARepRT
TTITHeh Tl H, HTSIT Tpall 7 3R ARPR P off Teb
ST & I fafererr ar & «ifdhT 3R &9 S e
Y T P ST AT AN DY U8 e M & dl ST TIORT T
SEECAICEEIRCIS KRR

o fAETer 8 T & Sel THSTPR ARg TR SR &l
9 5 TTgaT Taelt 3 fRreen I a1 B 8, a5 AR
ar 39 IR ¥ frfead fwrs <o 8] i 3 87 s aR
o 91T P 13 et &1 ar TRy o fRrerur &t erax Rrfear
Bl ifehT ST I &l ™ H ol & aT 3R o o
&l el & ST SToa 18] & fob 98] THR g0l &b
STSG TTOIT fRTerur & Hfcr Seh gfe \ar 8l

Y 39 gf¥ W <= Y TIOTT ar
fRr810T 98T 4 81 RET &, P O
ufrany, Wq—rﬁﬁw Wﬁw
TiRE RIETe o @ § T oY Rrerm
ngﬂaﬂ%%wﬁaﬂtﬁ
H Bl

T4 : A1 39 T H T T & Ul o avel
TR ¥ f3PY T ST B & IR F T el 872 T
I AT UG ST hI? 3R TET ITIDBT B JEILRT
& Tpell H HTAHD TR UR ElaTel TIORT fRrarr &
3T 2T? JATU ST I BIT B T FIT AT 3R 39
I T B fepaT?

IR : 7 37D 39 FaTeT b U o B, AT ST
TeT J31 foTRgehy ol & S U Fallel & fer el
g I 31T U Y 32 O b Rramere oiR fRram Ffy
o ST G A M & IR TPl H, I A R-aeihi §
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PO IS BT AT Tel| A T SHDT 3 ToR A <X b
ferameper a7IR farar Aifcra # feram & wifer iR it &
uIfer Uep ¥ T arf¥earfn giclt & g farerr agfer 3fiR Het

TR Tetd O b SaeRuman & 9T e &t &
FepdT & 3R TR 19T P {97 72T 577 Fepall
319 37 AR 1T DT T AT e UR 319 grdy fop

RIGTII &1 TP Po AR BN & 3R IHD DR IS
By &l

A 39 9T Y €T N ¥ g &
Wﬁﬁ%%qw%maﬁtﬁrw
w%mﬁaﬁmr uTyT, fRIea= 3R
WTSﬁEb‘rWWWEﬂW

g1l & TR R Ueh haag a8l I
T 6t TS farm i g

qT F[eT U A B IS P8 bl & b 19187 P IR 7 1R
TRt o IR F fTeR &t it AT off a7k & aret a8t
3 fFiepet R8T & IR aReci ol AT a8l A AT 81 39T
Step A ST &1 & fofT g1 S8 T ST Tl et et
3R ST 2ATeT aeh o Y  Sedt-Tedl & Ay
3ATIh HFF I 8|

R AR ferer fRrem a7 IR T BT & i)

A T U Sifde iR |fe ufsa e 81 a8t
fore a1ef o & SfIer T ST IR 8T & S AT
AT Stifer el qfeep Ferd & 3R o g § § a7y
&R 8T § 8] Sifdeh A -7 ey I8 & fob Afep faepr
SR  FIuHrT TET ST T I8 IR iR 8T &
31 I8 a8 T dISiT T 78107 8, 89 9 Wos| ¥ 781 dic
el DT HeT T IR Il 3FHa H Bl & TR G
RE fora o 8 2

T 31T T8 8 Fahdl & b TR [T a9 81ar & o/
34 3R e ST fPerdt &1 T e Arct &t 91 8
IE {1 ol &1 379 Ueb G o1l I8 & fop 3 dpic |
3R FHET T & AT AT & <AfdhT IpT U TRTg ararT
heH eI &l ITEI el & (b ATHI ATLRUITSAT & T
ST BITT & IR ALY SIHST a1 b T
TetT 3reife 3refd Bt 81 Y afS I a1 el & dr &
TR T& <G U foh AMRIes IRy ey i fehar
T TSI BICT & TR WG U8l I IueTed 9T 3R
forerR & Y SFHa 31k AR &Y e Areids a7 ot
T 81 Hcierd & fopedt 78 qiRReefer &br a7ef 3o QR
foraRT 37 SFT  MTER TR Feplerd & 3R 39 R
3T R faaR & GH1fee BRep AR 8 S T a1l
3R ire AT s & I8 RY STt T Ay FHThR

395 foTy foR I & SRR & fob Uep TR T 39 81 3R
R R fePIor 81 TR 8 ATST b HIeH 3 & &l
FpdT Bl

ar ugelt 1 ar I8 & fob URFEYS TS Bt fary o
g b fofu T aigeT STl 81 <lfdp TioreT &t wep 37k
T I8 © b g 7 IR g usaia] |t
HfeHaT § SYANT (symbol manipulation) & ATETT I
T SR BT W T ST b B

TAAq It T bl s/ & e o Uep & AT b et
fora AT 98 I TEAT3N & 7 IR I TSN &b IR

o et |ersT op faeTT dewT & STER WR forRg TepalT 81 39
TR U & SR W TS, JThr, o1 e PO o

ST el 81 T TMIOTT H 98 <R e Tl Febell & ifch
ﬂﬁﬁ%ﬂ%%ﬂgﬁ(notation)ﬁf\%ﬁgaﬁ?wﬁw
R ST8T T & il GERI RS Fgc Ah U A 81 31
T o {37 4T & SIER TR IO o Tl & Fehel

21 A1 I8 I FHAT & 37 FRAT A BTHRT AT Y a7

T & ST 3T TIRT 0N UR FTc R & foTq ATST 8l

TR 2hT SR ST TOre & &7 e, e 3R
SaTE B T ot 2ff| 2T S a1 T BT AT &
& af 3 vrerfies 3R Soa uTerfies et & daet
ST YW fob 37 (number), HEAT (number), 3R AT
37 (numerals) ¥ 3T T & AT 31T AT fob a5 it
STaTe iR faeR ST U ST AT STard I8 e

3 U A A dF & A 31 (digit) BT & TR ITRT SR
TS BIHT & ST AT AT FT 781 BT (29T g9))
H UE e bl DI P &T § feb TR UT 0K F a1l
PR o foTq IFe fohRey b AToT b 78 &1 1 T PO
TS off fIenT @R & AT ¥ TN & 37T oRE

R BT PRAT I AT T8 A Y bt 3R I ST
T T URAIT gY AT 37U AT FaTall o STaTd 7 31T
ST

T # U 3R a5 Fecauyt a1 R o) 95 &
&1 T ST & 9 71 & 35 afe s afora @
TOTCRT feorg Uee=as ST HfehaT 5 ST (symbol
manipulation) & AT A AT & A Ot Tfore enst
R IR Y 81 ST & Fife ARATET, T8l WY 8Y TR
fRAT 31R e areht faw=it &t v 7o  wa
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SITST 81 39 IR SATET ST PRl ST &l & adifeh
I it Ty & 1 IS enue Site 8 aHsm & ar

T : 379 89 AR 1ol IR 37T & 1 ureaat &
e AT SeeTal el &1 H e §Y Mfore faraqor
T AT A S et SRevd & 3T fOhR T &9 W4T et

TUIT & G & TN AT AT Te T Febel| T TDR
IS T & uget Y SraerRUmaN Y T el & ar TR
TR 3Teh URT IS & 3TeATaT plg INT Tl sadTl
ST 3 T8 ST &1 STl & b STRPep ToreT < sy
T ST I U T WV 37X 5 TR & RN Il e
fopam B

T 3R a1 orgent f1ep &7 it axey € iR et

Seoikg TR qraTadf 2005 & ATer forg U Ao
fareror 3 uf F of fomam T & Y ¥ & S & U 91
&t oft fob 31T HRE o foTg AR foRT Sl &,

T AT & foTg o1 3iR R Savl & 3iR
a7 o f8FT faR F=yar 18 &1

QIfepeT 3T N fIaIR T IR PR o folq T &Y
SRR Bl & AR e T HerIeT AeT I8 3T aiail
21 1 AfS 31T F52r T Arfeheba RAET & a I
DT G 3BT AT 8| DT Heleld g gaTl b
TR T fABIRT b Hef 7 79T 3R T & 3R
FfeTY IO IR I €T & T SToov 4 &

ST UAT ff I & o 89 @IRT ctfehed Tt uR T
PH LI S &) IGP I8 AR HRYT &, PV AN &,
PO T FHEN 81 <ifdhT 3T I1hT P&l B Bl
Y Uep 91T a5 el &, a1 YT fblTe b SR AL
I TV H BT el & (o “SATfareht Tt ooy b
AT ST & 3T O p ST 1T fIeman &t ey
I 8 TebelT, ST IS & thet|

AT 3T ¥ R &l S8R v
& foTT e &Y o ST BT 2 3iR
I Y HereT AXET I8 3
gl gl

SIRERI SR S EINRSCIC IS IR AR B NI I GG |
& it urazret 2005 H 1R I O &b o 7 T 95T
Y 81 31 39 a1 BT €T A G §Y & 0K o forg
IR FERATIN BT T FHTHT g7 IR S1T P 3R TR
Ueh SHaG CRIb MO T AT AR 81 DT
ferReeteT 9ufT AT P SeTERT 7 37RT < G 3119 A e
T & b I o Agrivaie A & Sir et 3t off
ST & o TIIOTT o srgey ST &

Hepal & fop TOT fareror &t AT=rdT emerd & 3iR Hiferra

IR : SRIT 3T I Y BE Tl & 31K 37 R g8 off i
ST HaelT & o 1o & Y T Rig SRaT (axiomatic
structure) & THT & AT ATET & eifebT I BT fp IO
fareror Y ATIATS Qe €, & Y St fafe T & S
PO ST BT AT HIT ST Febell & S AV bl I8

1 fTTh IR & J9 Uget garIT o7 b “araifarehT aeft
faremany o arar v B1” 316 31 T HHAT 9T ar F 7
&1 FepaT & b 31T UT 1S 3R HEIT 81 (89T gU)l

T TPR A BT DT A a1 b ST STaerRomah & 1 ga
3T 81T & AT 3719 318 39 IR ST g1 iy fore
MY TR ATarTeHe B9 3 G 81 AT elfehT eiRep
R IR gl AT IR B g F ey AT ST fAepRie et
o I ST DHRAT IS & AT ST STTLRTT b
TN STl Ut e STl &1 el & SiY QT € elfdpt
3T FHT & 8] &, 3el] FHeAT I & fob 1forey o
IR H BHART 39T AT AT & a7 3Rl H 9847 TIE B
3T gH fRreress aiive o 3178 78 8

HY VT @RI & o T 0Tt 2T it gRepIor IUANT by
& & 98 IS 8l A &9 arTadt 2005 Bl X
T I I DIV DT G Dl JT Dl T8 & 3R T8
SrRodt T 81 Ul # 39 R0 & IR F IaraT 8l U
gt g & o oI fast Y vz & erfa fas
RIS FRepTeiT 31 SR ST &7 SO $4ep forw /1
SIT &5 JANT & TR OR Teh T+ T UTIT SR ST
fop AT foeT o S, QIERT < o <A1 fo7 1T, iy
IR T o =t o & S ar it fRieprer fora 16 e
AT & § Far 81

Y TTOTT T oHe” Ueh GIRepIVT I8 & ST fdh UehaT et

81 IO QR e et &1 el 81 TR GIVepIuT b cee]

IE HET STl & o 0T ot Twrener a7 iR 3R
Jod! Y IET I TANT BR ST, Y Iod AT 311
GINT PN T S TART I8 # o aremerds raemoman
(perceptual concepts) Y GIeT AT BT Hacl! & lfeheT
HGT~I SR STTERUITSY (theoretical abstract
concepts) T TaI & FabelT 3R BFTT off A & &R
AT eRITI
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3R 3 YR $I @it {5t safeh GRT Y 79 ar S+
T JgT A& R SRy 3R 31T 3717 fhedt s pt
T QI P DT Pe (b TSI AT (prime number)
T Il & AT SAD! T8 WIS IR § BTN ATl db AT
ST farer & o SFeRERT ¥ U8 a6 I g fh afs
SRIT ATCTaRT fAT ST A SreTeHe (perceptual) 3R
TR (functional) STAEIRUTRN 6T Wi T=IT &
AT I Sgrfeaas STERuTY {5t I B Te &
foTT STy foheft ST GIRT 917 1 & S1dhT @i
98 qRaet 81 I8 S fohelt U eaIfeh el AT oeTTT it
Ugel & S gR H ST &l

o - Y AfeT S T8t R A 3y wfore farem & weef

T e Aoft & 3 aTelt SrqERuman 3R dgiae
0T H 3T aTef STTLRUMAN & Tep S ISTENUT < af 8HR
IS BT FHS H PO JiaeT sriTl

JTR : SR F9RAT T8 & 15 710 F ey it
STYRUTY 3P &1 IThT qT Al 81 Fepell &, HATE
T A I IR SN & Hhel & 37N T 3o+ fHART
F 3raeRuny AT R Fad & aifd ar Tai I8 99
THS Fbil AT ISl bl TE Gfdehel &1 8H P ISTER0
T &, U ISTERT AN T S 3TSTT A T el 2l

B T8T I Y6 DY e & fob UTd AT &7 T T H
Ug IS 7T SITGRUT 82 ISTERT & fofY & P8 Fabel
& 1o 3 g Jnferat (7S afed) €, uter ool 81 depdd
& 1?7 3R 3T 37 FHeT 1 B DRI i b
3119 e T ST 3HeRT el SR S TSl b Fwaef §

ST Y Tl 872

g et T faepRaet 81T ST &9 391 3FHa il 3R

I IIHE IR ST D1 319 I AT TehaH TR SFTLIRUT
&, 3R 31T VST 3T Fel ar WIS (divisibility) ST fd
TR =il 7 &1 1 5 317 STl 8, I R a9 S
319 TS < 91 PR & TN 31T &l =il gier 3R ATl
T & ST 370 3119 H 37T & 311”37 3719 Uiy 37R AT
o e VT e 4T X8 & fob dl Ueb il 2ot & °T
&7 81 U qRT BT ART SN el & Y AN LI TRE ST 83HT
31k 3T T 21 TR (algorithms) o ST aRE
b 81 1 Y T G 10T & 9 T 3 el 8l ToreT F
Rydh iR Rych < STRIMAT aTeT S JATHRT BT & Heer
ST T SIT HebeT &1 AT <&l 81T & T 8 T
2 {5 & Fo<r DI Il SITd GRT VT BF JFTLRUT 3R
TeT (plane) @ 3rarerRom A} RAT T &1 T8f IR &9

ol Ry & 3R d18 H fOhv a7 &R g5 & feAmT &
Tl <IIST 1T &< 81 T TR ST AT Sl epefm
RIT T FHIBRUT ST & AT 7 Y ST Pl DR BIaT
2 3R 71 & o iR, AMUD T Baet goT foraT Bl
& Y=NX+C U% T & 3R U 3FI@TY = M1X+C2 &
3R & el fmg IR Ueb X bl b W&l &

T3t QT o7t 2 f T T1fre et
Y SfPIUT STANT AR R & a8
RTS8 I &9 uregaaf
2005 BT <G AT TN IH gPIUT
D IS Y g1 Y TS 8 IR TS
TN T B

I8 ART ST Wl & T 3 AgTf~ciep SFTERUMY emfivet
21 319 U H 3FR 31TT 5 &7 i 319+t fUeedl areft
e fob FIT ST &Y AT U AT SUST AT Tg T e
UTSY, T SR THIHY THS BT YR BT ol ar A
P eI DR dTell SH TR S J P T 89 AU 3FHT
TR T & AT & DT SFfTHRUT el 91N & 3R
I I AR e yeTel et < 81 3 ST 39
RE ¥ IR, 3T & IR Fferers Hred FEc & G (AT
AICTS 3R TeTs df Rith oS areft 9w, ar 51 37
AICTS 3R TeTs fHiepret S AT 377U T & Uab STt
RGTEhT O] 3T 3FR 5 &l g1 P 3R 3 Uler & AT
s, Uta 3 7 g ar St A A F SeaR T
T qThT T FAT? ST Ueb HFRA AT il Al el
SH[CTRRUT T 397 TfehT OR §H 3728 avE 3 LT el
S &l

Tep 3R T I8 & o a8 AR SFAgRUTS Wt & S
3FeT ¥ Ugel HishaT BIell & 3R a1 H (13 w0 gRor
PR ALV & ATl & 3R R IFepT AT ST Hef
ST < BT X BT H o Y6 PR <

IETERT b fof AT Bl THSH & foTq Ul 31T po
ISl oIl & 37K 2Teal T JANT &R Jre = bl Tifebar
PR §Y I AT DT TP b PR el Bl ST Bl T

ST & T $9F A T STTRER 21 AT AT Ueb A3
B SRUT RSP TREAT I STT 21 37 31T el o 8 3R
2 T U X Y febei=TT 81T 2 off SRY &1 &1 & Sk 8
ST 81 319 8 31 2 UfehaT F 37t S T~ SIS T
MU N 3 f3hT (interact) B T &l
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gfepaT 3fR R Ifeha 1 o1erT 8law tah (i3 ©u eRor
TR U SPTS 9 ST 31RO TR 3PN (entities)
BT UT PR & foTY ST 3PTS DT BT H o1l 3T o
& S 95 ART SFH[TPRYT & 3R I8 fOFT e & 3iR
fSMIT Srerlia 3 72T &) Aapar B

Tfore T ST gl & S O fareror & & bR &
29y fory & Sges IR & o o oeft € e ;g )
fopemIT & <O € T8 I A8l U I A T At
B— SfYae & T &7 SUANT ST Feoll TRiG
PR JMYDT STHIATS AT TR ToIC Y TUHT R T
AfeheT 3 uf 7 I oY forar & o 1o areda 7 s
3T TATEHT DT fABRIT PR BT BT oY et 8,
Wﬂﬁﬁ?mﬁﬁ(precision)wliagﬁ
HEEqU 8l

If 3T 9 oy UR Rk ofR Rydh S Arel & e
R 3R 4T STeTeiiet &b B e T I8 YRT T XM BT
ST 1R &T U ST SHRAT & ST TTTdhel 89 AT 81
<Y 81 $RfeTY 37 UAT oI & fob gt Y oAt o
3R 89 & At FHSHT TS fp 0T T st +ff IR
EESRIE

<Ray auwar g8 & [ v &
ORTHIT T STTYRUMY 37T 5l
ST T A &Y Wadl &, Ware &
qTegT W I9 ¥ S9N &l Wbl &
IR g2 3= fEHTRT F JrqerRumy
T &= w@a & AfeeT a1 v I8
AT T Gl AT WISl G I8
qf¥eheT 2l

319 7 3FUT UTgTRIT H { Ueh BICT AT ISTERUT T &
3T T a5 2005 6t TeTFAT 37 91 BT b FRAT §
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How to Improve Math Performance

for All Learners

Master Number Concept and Numbersense

Mahesh C. Sharma

ith true numberness with
decomposition and recomposition
as the basis, one can easily

learn the arithmetic facts, particularly,
addition/subtraction facts. The concept

of visual cluster and the decomposition/
recomposition is the phonological equivalent
of numbersense.

Weaker a child’s decomposition/
recomposition skill and automatic fact
recognition skKills, the more the child has

to rely on inefficient strategies such as
counting. And the compensatory use of
inefficient strategies will never entirely make
up for weak decoding, and even the most
adapt compensator remains at an enormous
disadvantage.

Similarly, rote practice of arithmetic facts
and procedures is not productive. Practicing
a skill over and over in the same way may
teach students to acquire the skill. But it
won't necessarily lead them to apply that
skill to other contexts. Rather, students need
to practice the skill in a variety of different
ways using efficient strategies to be able to
retain, generalize and apply that information.

Social and Academic Expectations about
Numeracy

To be fluent in numeracy, one of the
components is having good numbersense.
One’s open, positive, and flexible attitude
toward number and the ability to display
that flexibility and proficiency in handling
quantity is called numbersense. As a skill
set, numbersense refers to a person’s ability
to look at the world quantitatively and make

quantitative and spatial judgements and
decisions using mental calculations using the
properties of number.

Numbersense consists of a cluster of

ideas such as the meaning and ways of
representing numbers, relationships among
numbers, the relative magnitude of numbers,
and proficiency in working with them
(ultimately leading to mastering arithmetic
facts and their usage). Numbersense is not a
set of discrete skills but a set of integrative
skills.

Strategies and instruction
in arithmetic facts and
procedures are much more
productive when a child
has acquired the number
concept properly.

Students with good numbersense can

move effortlessly between the real world of
numbers and formal numerical expressions.
They can represent the same number in
multiple ways depending on the context and
purpose. In operations with numbers, children
with a good sense of number can decompose
and recompose numbers with ease and
fluency. Technically, it is the integration of (a)
number concept, (b) number relationships
(arithmetic facts), and (c) place value.

Its mastery should reflect age and grade
specific expectations, needs, and facility with
number. It gets more and more complex and
sophisticated as a person encounters new
number systems.
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For example, at the end of Kindergarten the
expected mastery of numbersense is: (a)
Number concept, (b) 45 sight facts, and (c)
place value of 2-digits. Similarly, mastery of
numbersense expected by the end of first
grade is: (a) Number concept, (b) 100 Addition
facts (sums up to 20), and, (c) Place value
of 3-digits. And, numbersense, at the end

of fourth grade is (a) number concept, (b)
All arithmetic facts (addition, subtraction,
multiplication, and division), and, (c) Place
value up to the hundredth place.

Counting is like recognizing
and decoding individual
letters and their sounds,
and recognizing visual
clusters for individual
numbers is like recognizing
phonemes and even words.

Through organized practice and experiences
in various forms such as algorithms/
procedures, this proficiency and fluency in
numbersense is translated into numeracy.
Numeracy is a child’s ability and facility in
arithmetic operations (addition, subtraction,
multiplication and division) on whole
numbers correctly, consistently, fluently, in
multiple forms of procedures, including the
standard algorithm with understanding. By
the end of fourth grade, a child should have
mastered numeracy.

If a student has deficits in it at the end of
fourth grade, he needs intervention. That
intervention should focus on developing,
number concept, arithmetic facts, place value
and then numeracy with the proper language,
conceptual schemas, strategies based on
decomposition/recomposition and place
value, multiples procedures appropriate to
the context of the problem.

Dyscalculia and Acquired Dyscalculia

There are several reasons for the incidence
of specific mathematics learning difficulties

Resources

from language related to neuropsychological
and cognitive reasons to environmental
reasons. However, understanding the
development of numbersense provides a
window into children’s arithmetic difficulties,
particularly dyscalculia. Most of the
difficulties in mathematics, particularly,
arithmetic emanate from the difficulties in
learning of number related difficulties.

Dyscalculia is a child’s difficulty in
conceptualizing and using number, mastering
number relationships, and producing
outcomes of number operations. The
difficulty with numbersense may be the
result of a child’s assets (or lack thereof)—
neurological, neuropsychological, and
cognitive reasons, and/or environmental
factors—poor teaching, poor curriculum, or
lower expectations. When these difficulties
exist in spite of a child having intact
neurological, neuropsychological, or other
cognitive factors, then it is purely because of
environmental factors and this will be termed
as acquired dyscalculia.

Dyscalculia or acquired dyscalculia, thus

are the manifestation of difficulties in the
integration of number concept, numbersense,
and numeracy. However, just like effective
teaching methods for reading can mitigate
the impact of dyslexia, similarly, one can
have dyscalculia or acquired dyscalculia.
But effective and efficient teaching methods
can give students skills so that the effects
of dyscalculia and acquired dyscalculia (and
other specific mathematics difficulties) are
minimized or mitigated.

Dyscalculia is a quantity/number (with
some overlap of spatial orientation/

space organization) based disorder, so

the intervention and remedial programs
should focus on the development of number
concept, numbersense, and numeracy.

That means, the interventions and remedial
instruction for children with learning
disabilities (including dyscalculics) initially
should focus on the mastery of number
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concept—uvisual clustering, decomposition/
recomposition, and acquiring the sight facts.

To design effective methods, understanding
the definitions and characteristics of
dyscalculia is critical. For example, children,
especially gifted children, may be able

to compensate for even massive deficits
using one or more of their equally massive
strengths.

A child with tremendous memory and
fantastic oral comprehension might be able
to get around abysmal arithmetic fact fluency
for a while to produce an adequate arithmetic
result when mathematics is still fairly simple.

But if they have deficits in the understanding,
fluency and applicability of number concept
and numbersense and procedures, they

will have difficulty in future mathematics.
Similarly, a child with using counting
methods may be able to do well on tests and
exams, in the early grades. But she will have
difficulties later on.

Unfortunately, many school personnel often
get this wrong as their own understanding

of dyscalculia and arithmetic disability may
be limited affecting resources available

for such in quantity and quality. This is
compounded by the inadequate preparation
of special education teachers in mathematics
and mathematics learning disabilities,
particularly dyscalculia compounding the
environmental factors related to dyscalculia.

Many parents and school personnel
mistakenly assume that dyscalculia equates
to permanent condition of deficit or disability.
True number concept is at the basis of

the development of fluent numbersense.
Therefore, the condition of dyscalculia and
acquired dyscalculia can be compounded
without proper teaching of number concept.

It is very difficult to master (understanding,
fluency and the ability to apply), arithmetic
facts and procedures without proper number
concept teaching.

Resources

Catch Them Before They Fall

Early identification and assessment of
number concept and numbersense are
essential to prevent numeracy failure

in young children and avoiding future
mathematics difficulties. Students without
adequate mastery of sight facts and
decomposition/recomposition early, continue
to demonstrate poor numbersense and
numeracy skills, even into the middle grades
and high school.

There is a strong predictive validity to early
number concept (particularly decomposition/
recomposition) and later mathematics
achievement. The contribution of sight facts
and decomposition/recomposition role

does not diminish. Children continue to use
the number concept and decomposition/
recomposition whenever they encounter
numeracy problems. For example, when
students encounter work on fractions,
integers and rational numbers, they continue
to need and use them for new number
relationships.

The key element is the
constant and intense
practice in phonemic
awareness that helps
students to connect
graphemes and phonemes.

Research in reading processes indicates
that certain domain-specific deficits such as
measures of a child’s phonemic awareness
and phonological sensitivity are the best
predictors of early reading performance
(better than IQ tests, readiness scores, or
socioeconomic level). It is widely accepted
that deficits in phonological processing are
the proximal cause of Reading Disability (RD)
(Vellutino, Fletcher, Snowling, & Scanlon,
2004)).

Similarly, a domain-specific deficit in
processing numerosities (humberness) has
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been implicated in mathematics disabilities
(MD), such as dyscalculia (Butterworth, 2010;
Wilson & Dehaene, 2007). And of the several
sub-skills of numberness the most important
skill involved as a deficit is decomposition/
recomposition.

In addition, domain-general cognitive risk
factors, such as slow processing speed and
working memory might be shared between
the two disorders and could possibly explain
why they may co-occur. Research shows
that almost 40% of dyslexics also exhibit
symptoms of dyscalculia.

This comorbidity between RD and MD
indicates that there is fundamental
components in both of them that implicate.
These are phonemic awareness and
decomposition/recomposition, respectively.
We have observed, with hundreds of children,
that fluent numberness (integration of one-
to-one correspondence with sequencing,
visual clustering, and decomposition/
recomposition) is a better predictor of future
proficiency and fluency in arithmetic and
even higher mathematics. Remediation

of numberness related key skills results

in better understanding and mastery of
numeracy.

Early identification and
assessment of number
concept and numbersense
are essential to prevent
numeracy failure in young
children and avoiding future
mathematics difficulties.

On the other hand, high comorbidity

rates between reading disorder (RD)

and mathematics disorder (MD) indicate
that, although the cognitive core deficits
underlying these disorders are distinct,
additional domain-general risk factors might
be shared between the disorders.
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Three domain-general cognitive abilities
processing speed, temporal processing,
and working memory are studied in RD and
MD. Since attention problems frequently
cooccur with learning disorders, the three
factors associated with attention problems
account for the comorbidity between these
disorders. However, the attention problems
observed in the case of MD, some of them
are secondary in the same sense, that they
might be the byproduct of consistent failure
in mathematics.

Research on measures of processing speed,
temporal processing, and memory with
primary school children with RD, children
with MD, children with both disorders
(RD+MD), and typically developing children
(TD controls) show that all three risk factors
are associated with poor attention.

After controlling for attention, associations
with RD and MD differed. Although deficits
in verbal memory were associated with both
RD and MD, reduced processing speed was
related to RD, but not MD. The association
with RD was restricted to processing speed
for familiar nameable symbols.

In contrast, impairments in temporal
processing and visuospatial memory were
associated with MD, but not RD. Visuospatial
memory is essential for visual clustering,
decomposition/recomposition, and therefore
with development of sight facts.

Interventions and Remedial Strategies for
Dyscalculia

To help LD students, particularly poor
readers, become fluent readers, few key
components are typically involved. These
include: (a) constantly increasing sight
vocabulary; (b) sustained, systematic work
on phonics and phonological sensitivity

as a means to ‘breaking the code’ and
build proficiency by focusing on phonemic
awareness; and (c) repeated readings using
efficient strategies for blending sounds to
build fluency.
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The key element is the constant and intense
practice in phonemic awareness that

helps students to connect graphemes and
phonemes. This process helps children to
move from decoding of individual letters to
chunking and blending sounds. This insight
helps interrupt the cycle of failure for poor
readers.

Dyscalculia is a child’s
difficulty in conceptualizing
and using number,
mastering number
relationships, and
producing outcomes of
number operations.

Many planners of mathematics instruction
for young children often do not fully take

into account that to increase proficiency,
competence, and fluency with basic addition
and subtraction facts, children need to
develop solid number concept (numberness)
and flexible numbersense. They stop short:
as soon as children are able to count one-to-
one, they assume the child has the concept of
number. Sequential counting and one-to-one
correspondence, even when it is converted
into conservation of number is not enough for
competence in numbersense.

For example, explicit teaching of phonemic
awareness skills and sound blending skills
is important, but instruction that integrates
‘in how to blend phonemes together’ and
also how to ‘pull apart’ or ‘segment words
into phonemes’ is more useful to students in
order to acquire reading skills. The organized
and intense supervised practice in building
sight vocabulary, “pulling apart” and “blend
it together” converts novices into fluent
readers.

Similarly, learning sequential counting, one-
to-one correspondence, visual clustering,
building sight facts, and decomposition/
recomposition in isolation are useful to an
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extent, but what is even more important and
productive is instruction that focuses on their
integration. An organized and early intensive
supervised practice in the integration of
these component skills develops true number
concept (humberness) and then aids in the
optimal development of numbersense.

When one hears or sees a number, one does
not see discrete objects;instead, one sees
or hears a collection represented in its
abstract symbolic form. Children can count
objects one-by-one, but they have difficulty
recognizing visual clusters of objects as
represented by specific numbers. Counting
is like recognizing and decoding individual
letters and their sounds, and recognizing
visual clusters for individual numbers is like
recognizing phonemes and even words.

Decoding individual letters does not make

a child a fluent reader. For proficiency and
fluency in reading with comprehension,

one needs grapheme-phoneme connection
and practice in blending sounds. Similarly,
counting does not make a child fluentin
numberness or numbersense. One has to
blend numberness of two numbers (sight
and addition facts) to produce new numbers.
Arithmetic facts (blending of two numbers)
and place value (blending of two or more
numbers) are like identifying the phonemes in
a big word and then blending of those sounds
in reading that word.

Weaknesses in phoneme awareness, rapid
automatized naming and working memory
are strong and persistent correlates of
literacy problems, particularly spelling,

even in adults. Similarly, decomposition/
recomposition, working memory, and

rapid automatized naming are related to
addition and subtraction facts and then with
multiplication and division facts.

Strategies and instruction in arithmetic facts
and procedures are much more productive
when a child has acquired the number
concept properly. Further, true number
concept and decomposition/recomposition is
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the basis of deriving addition and subtraction
strategies [Making ten, N + 9 (add 10 - 1),
N+N (doubles), N + (N+1) (doubles plus 1), N
+ (N - 1) (doubles minus 1), N + 2 (2 more), (N
+ 1) + (N - 1) (2 apart)]. Mastery of arithmetic
facts, thus, is dependent on number concept,
decomposition/recomposition, and strategies
based on these.

For example, 8 + 6 = 8 + 2 + 4 (applying the
knowledge that we need 2 to make 10 and 6 is
decomposedinto 2 + 4) =10 + 4 (8 and 2 are
recomposed into 10 and with the knowledge
of teen’s numbers —place value to get 14),
or8+6=(7+1)+6=7+7=14,0r8+4+6=
2+6+6=2+12=14,0r8+6=8+8-2=
16 - 2= 14. All of these strategies are built on
sight facts, making ten, and decomposition/
recomposition.

As phonemic awareness is to reading,
decomposition/recomposition is to
numbersense and numeracy. The reading
research demonstrates phonemic awareness
(PA) is one of the biggest building block of
the reading success, and decomposition/
recomposition process is the building block
to mathematics. And, PA should not be
abandoned until the child has demonstrated
advanced levels of PA skills. However,
decomposition/ recomposition, as a process,
is present in mathematics at all levels. It is
never abandoned.

A skilled reader is able to read almost every
word without activating the phonological
processor. Fluent reader reaches that point
because she did use the phonological
processor which allowed her to make words
automatic. There is a real difference between
a beginning reader and a fluent reader.
Looking at a cluster of objects (up to ten) and
recognizing it and giving it a numerical name,
instantly, is the goal, but to get there we need
to focus on recognizing smaller clusters and
even some counting.

As in reading a word, we do not focus on
each letter, nor we begin with the whole word
memorization, similarly, in numberness, we
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neither focus on one object at a time nor on
the whole cluster to start with.

Number sense is not a

set of discrete skills but

a set of integrative skills.
Students with good number
sense can move effortlessly
between the real world

of numbers and formal
numerical expressions.

Thus, the acquisition of number concept and
then acquiring arithmetic facts, at one level,
is similar to learning to read. One acquires the
meaning of symbols, decodes the symbols
and then combines the symbols to relate to
other symbols. In reading, it is the process of
associating phonemes to grapheme and vice-
versa and the blending of sounds.

When a child encounters a new word, she
breaks the word into ‘chunks’ and then
‘blends’ these chunks into the word. This
chunking and blending is the manifestation
of the integration of grapheme-phoneme
relationship. A child cannot become a fluent
reader without being fluent in grapheme-
phoneme association and the process of
‘chunking’ and ‘blending’.

The parallel process in mathematics is also
three-fold: (a) instantly associating a visual
cluster with its number representation,

(b) associating a sound with number, and
(c) decomposition and recomposition.

The recognition of a visual cluster and
decomposing a cluster into its subclusters
and combining sub-clusters into a larger
cluster and instantly recognizing the larger
cluster as the combination of the sub-
clusters are the key processes to acquiring
the number concept and numbersense.

In most situations, in teaching number,
teachers help children acquire the concept of
number by connecting the phoneme (sound
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s-e-v-e-n) with grapheme (symbol 7). But that
is not enough because acquiring numberness
is more than learning to read a number or
even count. This causes the manifestation of
the symptoms of dyscalculia and acquired
dyscalculia in most children.

Thus, the acquisition of
number concept and then
acquiring arithmetic facts,
at one level, is similar to
learning to read.

In teaching letters, there are two schools/
traditions. In England, the sound of letters
are taught first and then the letters, in most
American schools, the letters first and then
their sounds. In reading research, there is
higher correlation between sound/letter

to reading than letter/sound relationship.
There is great deal of evidence that both are
important.

Resources

Similarly, in the United States, the

number names are taught first and then

the numerosity associated with them.

In contrast, in Asia and England, it is the
numerosity first and then the number shapes.
Both are essential for learning number
concept. However, when numerosity and oral
representation are learnt before the writing of
numbers, children develop number concept
faster. The judicious integration of the two
expedites the process.

Mahesh Sharma is the former President

and Professor of Mathematics Education

at Cambdrige College where he taught
mathematics and mathematics education for
more than thirty five years to undergraduate
and graduate students. He is internationally
known for his groundbreaking work in
mathematics learning problems, particularly
dyscalculia.

Email Address: mahesh@mathematicsforall.
org
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Resources and Reviews

Learning and Teaching of Algebra
Through Tasks That Encourage

Algebraic Thinking

Aaloka Kanhere

ost of us who have worked with
M middle-school children would agree

that algebra is one subject which
children find difficult to understand. What
makes matters worse is that it is also a
subject which is used extensively in higher
classes across subjects. Several domains
like computer science and engineering use
algebra for their development. Algebra is
very important while working with natural
sciences like physics, chemistry and biology.
It is also an essential tool to understand
the world we live in better. Many questions
about the environment and economics can
be understood better with the knowledge of
algebra.

For many people, the word algebra would
bring back memories of alphabets like x,

y, and z. But a lot of algebra can be done in
primary school and middle school. Can you
believe it if | say that in lower classes one can
engage with algebraic problems which do not
include the dreaded words, “Solve for x?”

Let us begin the discussion with the question,
“What is Algebra?”

For a lot of mathematics educators, algebra is
not just a subject but a way of thinking. They
say that the purpose of algebra in elementary
school is to develop ‘algebraic thinking’.

What is algebraic thinking? And what is not
algebraic thinking?

Let us look at a simple example. The following
question is asked in a classroom.

193 + 288 = + 287

One student’s answer is as follows: “193
+ 288 = 481 and 481 — 287 = 194. So the
answer is 194.”

Another child’s answer is this: “On the left
side | have 288, and on the right | have 287.
287 is one less than 288. So for the two sides
to be equal, the number in the box has to be
194, which is one more than 193.”

According to you, what is the difference
between these two answers?

In the case of the first student, he has looked
at the numbers individually and solved both
the sides separately and then equated them.
But the second student has not only looked
at the numbers but also the relationship
between them.

What is the advantage of one over the other?
Let us see what happens when one used
larger number like,

2793 + 3478 = + 3477

In this case, the first student would have to
first add 2793 + 3478 to get 6271 and then
subtract 3477 from 6271 to get 2794, which
is a lot more tedious process than the first
problem.

But for the second student, the solution does
not change much because she has looked at
the structure of the problem instead of just
the numbers. If we review the two solutions
we would find out that the first student is
only working with numbers while the second
student is also looking at the structure. This
process of looking at the structure instead

of just the numbers can be called ‘algebraic
thinking’.
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If one looks at the second student’s answer,
one can see that she has found what we can
call as a generalised solution to the problem.
In the language of algebra, the number
sentence looks something like this:

a+b= + (b - x)

And she solves it like this,

a+b=|(a+x)|+ (b-x)

So, we can see that without actually using
letters like a, b or x, this student has already
started doing algebra.

Let me share my experience of doing number-
sentences.

We started doing these exercises with
students in a vacation camp. The objective of
the vacation camp was to explore students’
algebraic reasoning when exposed to
algebraic ideas through tasks like number-
sentences and pattern generalisation.

Some of the initial number-sentences we
gave them were something like this -

52+13=12+| |

All the students chose to solve these
problems like the way the first student did,
i.e.,'3+8=11and 11 -9 = 2 so the answer
is 2.

All the teachers, including me, tried in
various ways to encourage the students to
see the structure of the number-sentences.
But the students continued to solve these
number-sentences in the method shown
above. As one of our attempts to encourage
them to look at the structure of the number-
sentences, we gave them similar problems
but with large numbers like four-digit
numbers. Suddenly most of them started
solving it like the way the second student did,
i.e. algebraically.

Resources and Reviews

Some students may naturally think
algebraically. But being able to think
algebraically is not just a ‘talent’ that a
child has but a ‘skill’ a child acquires when
she needs it. We as teachers can create
situations or develop problems such that
she gets encouraged to develop this type of
thinking.

Once the students started looking at
structure, they went on to generalising these
number-sentences in various ways. One of
the ways was the following.

Student: “All these statements will be always
true.”

a+b=(a+|:|) + (b —|:|)

Teacher: “What are a and b and what is the
box?”

Student: “a and b hold the same value on
either side of equal to and the box refers to
the same number in a number sentence.”

Number-sentences can be very important
tools to work with students even in lower
classes, even before ‘formal’ algebra comes
in.

Like number-sentences, another tool that is
very useful in encouraging algebraic thinking
or reasoning in students is that of patterns.

There are different types of patterns we can
use in our classrooms. Let us look at some of
them.

1) Repeating Patterns: In these patterns there
is an identifiable unit that repeats.

Some standard examples of repeating
patterns are 123123123....where 123 is the
repeating unit. Another example of repeating
patterns can be a combination of shapes.

I.*.ll.*.lv

The repeating unit
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2) Growing Patterns: These patterns are
characterized by how one element relates
to the next one. These patterns increase or
decrease by a constant difference.
1,3,7,...or 1,-4,-10, ....or

N
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3) Recursive Patterns: In these patterns the
relationship between the terms defines the
pattern. The famous Fibonacci numbers 1,
1,2,3,.... orthe minimum steps required in
the Tower of Hanoi problems 1, 3,7, ... are
examples of recursive patterns.

The position paper on ‘Teaching of
Mathematics’ in NCF 2005, emphasizes the
role of patterns in elementary school algebra
and the role they play in higher classes -
“The identification of patterns is central to
mathematics. Starting with simple patterns
of repeating shapes, the child can move on
to more complex patterns involving shapes
as well as numbers. This lays the base for a
mode of thinking that can be called algebraic.
A primary curriculum that is rich in such
activities can arguably make the transition to
algebra easier in the middle grades.”

These patterns can offer opportunities

to students for generalizations and for
developing algebraic reasoning. Let us look
at some questions which can be asked in the
context of patterns to encourage algebraic
reasoning. Let us also look at two sets of
questions and study their role in encouraging
algebraic thinking.

Let us look at an example of repeating
patterns.

HO® ik
I..**
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Set1
Which shape will be there in the 12 position?

If the pattern continues, how many stars will be
there by the 15t position?

Set 2
Which shape will be there in the 112%" position?

If the pattern continues, describe all the positions
where you will get stars?

Please do answer the above questions before
proceeding.

In Set 1, one can always find the answers by
just writing the patterns till the 12th or the
15th position.

So, without having to actual look at the
pattern and understand it one can answer the
questions in Set 1. In contrast to that, for Set
2, writing the pattern till 112 can be tedious.
And that might encourage the students to
look at the pattern and generalize it.

If we look at the pattern carefully, we find that
the repeating block is of 5 shapes. Hence, the
shapes repeat after every 5 shapes. That is,
the shape at the 1st position will be the same
as the shape at the 6th position, which will

be same as the shape at the 11th position or
106th position.

Similarly, while answering the second
question in Set 2, one finds out that the 4th
and the 5th positions will have the star. This
means that at every 5th shape after the 4th
and 5th positions there will be a star. What do
you think is a better way of describing this?

While doing this pattern with some students,
one student gave me a very interesting
answer. | am quoting his answer, “Every
position which ends with 1 or 6 will have a red
rectangle, every position ending with 2 or 7
will have a blue circle, every position ending
with 3 or 8 will have a brown pentagon and
every position ending with 4, 5,9 or O will
have a star.”

Do check out what whether his answer is
correct and also try to find out how he came
to his answer?
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After repeating patterns let us look at some
examples of growing patterns.

Study the pattern given below and complete
the following table:

D LD

1

2

D
3

Number Number
. of \ of
Design sticks Design sticks
used used
1 5 15
2 8 20
3 11 25
4 75
S n

When this question was asked to Class 5
students, these were some of the answers
they gave for the last column.

e 3+2+3(n-1)

e 2+3n

e« 3(n+1)-1

One aspect of working with patterns is
generalising and the other aspect is justifying
your answer.

All the three answers give a generalized

form for the given pattern. Try to find the
justification for the first two answers given by
the students.

Let us look at the third one and try to
understand the student’s justification.

Student: “To solve this problem, | added a
matchstick to each of the designs. So, the
new pattern looked like this. Then | counted
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the matchsticks for every design. And |
found that at every stage the number of
matchsticks was 3 x (design number + 1) i.e.
3(n+1). But then | had added one matchstick
for every design so | need to remove that. So,
the number of matchsticks in every design is
3n+1)-1"

This strategy of manipulating patterns was
not discussed in the class but the students
discovered this technique herself.

Another interesting discussion that followed
this pattern was discussing why the three
forms given below are the same.

e« 3+2+3(n-1)
e 2+3n
e« 3n+1)-1

This discussion gave the teacher an
opportunity to talk about rules of opening
brackets and algebraic manipulation.

In this article we saw some situations which
can give teachers opportunities to encourage
students to think algebraically and help
create situations in the classroom which can
develop students’ algebraic thinking skills.

There are a lot of more tasks which will help
in developing algebraic reasoning among
students. Please do look at the resources
mentioned at the end of this article for more
such tasks.

Some sample tasks:

https://drive.google.com/file/d/16Bw
jWtozvyesLaVyVT20Qj5Bm5YUCu49/
view?usp=sharing



https://drive.google.com/file/d/16BwjWtozvyesLaVyVT20Qj5Bm5YUCu49/view?usp=sharing
https://drive.google.com/file/d/16BwjWtozvyesLaVyVT20Qj5Bm5YUCu49/view?usp=sharing
https://drive.google.com/file/d/16BwjWtozvyesLaVyVT20Qj5Bm5YUCu49/view?usp=sharing
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Resources and Reviews

Useful Math Resources

Josephdeyone Jacobi

ere we share with you materials that
H are potentially useful to plan and

deliver mathematics classes in primary
sections of schools and learning centers.
You’ll also find in these resources ideas to

plan teaching different topics related to math
to children.

1. Addition

AtRiA Pullout Section July 2013 | Teachers
of India

2. Subtraction

Pullout Section November 2013 - Teaching
Subtraction | Teachers of India

3. Multiplication

Pullout Section March 2014 - Teaching
Multiplication | Teachers of India

4, Division
Pullout Section July 2014 - Division |
Teachers of India

5. Fractions

AtRiA Pullout Section June 2012 |
Teachers of India

AtRiA Pullout Section December 2012 |
Teachers of India

6. Geometry

Pullout Section November 2014 -
Geometry | Teachers of India

Pullout Section March 2015 - Geometry Il |
Teachers of India

7. Worksheets.

Worksheets which can be used for free.

Math Worksheets / FREE Printable
Worksheets — Worksheetfun

8. Online tools

Khan Academy has a very useful set of
videos and exercises for Indian curriculum
It is available in Hindi as well.

Math - Indian curriculum | Khan Academy

To practice multiplication facts

Multiplication by Heart — Mathigon

9. Ganit Mala Beads is an amazing tool to
build number sense among students.
Jodo Gyan has worked extensively and
developed highly useful resources.

Activity resources / Primary / Ganit Rack |
Jodogyan
Activity resources / Primary / Ganitmala |
Jodogyan

10. Create a lot of meaningful counting
activities for the students in class. Here is
an example from JodoGyan

Activity resources / Primary / Rangometry

| Jodogyan

Josephdeyone Jacobi is a K-12 math
educator who loves to facilitate math learning
for students, teachers and parents. He works
with Gubbachi Learning Community and Math
Box.

Email Address: josephdeyone.jacobi@apu.
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Demystifying Mathematics

Finding Joy in Numbers

Aastha Maggu

learning of mathematics, is more often than

not, abstract and procedural. Students
seldom gain conceptual clarity. The fear of
math is accentuated by notions like it is
alright to not be good at the subjector itis
not useful in life. In this article, we discuss
the experiences, approaches, and struggles
of organizations working on improving
mathematics education in India, and the
various techniques and materials they use to
make learning math joyful for children.

I n our education system the teaching and

Aavishkaar — Palampur

Aavishkaar is one such organization. The
Aavishkaar team is aware that students,
struggle to understand the fundamentals of
mathematics. Sandhya Gupta, co-founder of
Aavishkaar shared that their work focuses on
facilitating educators and young learners to
adopt a creative, curious, and critical thinking
approach to education as the present system
does little to hone children’s curiosity and
fails to provide them with safe spaces to
make mistakes and learn.

They use teaching-learning materials and
techniques that make learning math a
visual, relevant, contextual, and engaging
experience. They work in the public schools
of Himachal Pradesh, Telangana, and Assam.
They also closely collaborate with grassroots
organizations across the country. The
Aavishkaar team conducts training courses
for teachers who are capacitated with the
required knowledge, skills, and mindset.

Aavishkaar runs a learning center for
students from first to tenth grades in
Palampur. They also frequently hold online

and residential camps for students where
they deep-dive into particular themes. The
team uses a framework that helps children
participate in sessions and critically engage
with concepts. Their five-step framework
includes introducing the conceptin a fun
activity, working on a problem in groups

and arriving at solutions, discussing their
selection in the class, engaging on extensions
of the problem, and finally reflecting on the
essence of the concept.

The team begins each session with what they
call ‘Ganit Charchaa’, where they generate

a discussion in the classroom. The aim of
this introductory activity is to encourage
children to participate in the lesson without
any inhibitions and reinforce that there can
be numerous ways of solving a problem.
Sandhya shares, “For instance, in ‘Ganit
Charchaa’, the activity can be asking children
to count certain items arranged in an order.
The children use different ways to arrive at
the total number of items. Children count the
items by grouping them into different shapes
such as a triangle, square, etc. This exercise
allows children to arrive at the solution

using their own rationales. Activities like

Aavishkaar Palampur



these instill confidence amongst children
as they realize that there are varied ways
to look at something. Children also learn
to acknowledge and respect each other’s
opinions.”

Dispelling notions of fear against, or inability
to enjoy, mathematics is consciously
undertaken by Aavishkaar’s educators. They
have observed that children and teachers
both share this uneasiness. The educators
are encouraged to discuss experiences of
mathematicians that drive home the point
that learning math the right way can be fun.

Aavishkaar’s educators often explore a real-
life problem in small groups. For instance,

to explain linear equations, children can be
given a problem in which a local shopkeeper
has to procure a particular item such as pens
from a wholesaler. The wholesalers charge
different costs for the item and are located at
varying distances. Questions such as which
is the best deal, writing a general equation
for finding the cost of procuring that item,
representing the deals on a graph, etc. are
then posed to the children.

Children work in groups to answer certain
questions. They are later requested to explain
the rationale behind their solutions to the
larger group and they are nudged by the
facilitators to use mathematical reasoning

to arrive at those answers. Teachers are
encouraged to discuss extensions of the
problems raised by students in the session
and some that they themselves deem to

be relevant. The students are then made to
reflect on the essence of the concept through
individual and group discussions.

Sandhya added, “These children tell us that
since the educators allow them to make
mistakes and not scold them for it, they enjoy
participating in the sessions. We need to
make them feel safe in a classroom and the
progress they show will be remarkable.” The
Aavishkaar team hopes to reignite curiosity
and passion for mathematics in each child.

Ground Zero

Palakneeti Parivar

Palakneeti Parivar was set up in 1996. It
works on social parenting and providing
holistic education to children living in a slum
of Pune. Khelghar is a project started by
Palakneeti Parivar with the aim of reaching
out to the underprivileged. There are about
two hundred children from the Laxminagar
slum of Kothrud in Pune participating

in the activities at Palakneeti’s learning
centers. The parents of these children work
at construction sites. They hail from areas
facing droughts in Maharashtra, and from
neighboring states of Karnataka, Telangana
and Andhra Pradesh.

These children do not get the required
learning support in their schools or families.
The Palakneeti team, through play-based

activities, attempts to correlate conceptual
learning with the experiences of these
children. Their focus is on increasing
children’s proficiency in mathematics,
Marathi and life skills. Based on the grades
they are in, and their learning levels, children
are divided into eight groups. They have
two hours of sessions daily at the learning
centers run by the team. The focus remains
to engage closely with children in primary
grades.

Sumitra Marathe, who leads the mathematics
program at Khelghar, along with two other
volunteers, shared that the children often
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find the math taught in class to be crude.
She added, “We try to dispel these fears
about mathematics by making the children
understand the foundational concepts

and visualize their lessons. Our two-step
pedagogy learnt from Navnirmiti involves
using objects to introduce concepts. Then
we continue to help them understand the
numbers and symbols. The problem is that
children can count the numbers from one to
two hundred but when you say twenty-three
then they do not understand what twenty-
three means. We give them sticks or some
pebbles or pseudo currency notes and ask
them to represent twenty-three objects.”

Using games to make children understand
concepts makes the learning experience
joyful for children. The team uses a lot of
tools to break down, what may seem as,
complex concepts for children. They organize
games around shopping where children

are given objects and then asked to add or
subtract based on the prices and quantity
of each object. They have three by three
meters snakes and ladders games printed,
where the children play using mathematical
operations. Sumitra adds, “It is heartening
to see the children enjoy these games. They
can play them for hours. We simultaneously
ensure that they are able to relate these
activities with the operations taught at
school.”

The team also uses calendars as a tool to
teach children. They are inspired by the work
of Arvind Gupta, an educator who has worked
on using toys to teach science and math to
children. In his videos, he shows how the
calendar with just numbers one to thirty can
be innovatively used for improving children’s
understanding.

The team, through the usage of relevant
materials, ensures that children visualize
what they are learning. They use dotted
sheets and notebooks with squares in them
and tell children to visually perform each
operation. For instance, if three and two need
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to be added, then children would be asked to
represent these with distinct colors and their
sum in another color.

To introduce concepts related to
measurement to children, the team asked
children to map all the taps and the broken
taps near their homes. The children were
asked to calculate how much water might be
available in all the taps and how much water
must be wasted in one minute through the
taps that were leaking. The older children
went ahead to repair the taps that were
leaking. The Palakneeti Parivaar team
understands that children’s learning abilities
vary across groups, and they provide three
levels of worksheets.

The education system fails to provide
adequate time and appropriate methods

to students to learn the foundations of
mathematics. Working with a pedagogy
that incorporates games and activities to
strengthen math concepts, the Palakneeti
Parivaar team believes that each child can
rediscover the joy of learning mathematics.

Better Education Lifestyle and Environment
Foundation

Better Education Lifestyle and Environment
Foundation (BELIEF) is a non-profit based
in Pune city that works to address issues in
education, health, and the environment by
creating replicable models of sustainable
development by providing services

and capacity enhancement of relevant
stakeholders.

BELIEF


https://www.youtube.com/watch?v=_HNLEsmBt3s

With the vision of improving primary and
elementary education, BELIEF has initiated
its Early Childhood Education (ECE) program
with fifty-four anganwadis in Pune. The
families in the area have migrated from
drought-stricken regions of Maharashtra

- Latur, Solapur, Marathwada and Western
Maharashtra - and the surrounding states of
Karnataka, Telangana, and Andhra Pradesh.

They work in the vicinity of construction sites.

Most of the stakeholders
in our education system
including educators,
policy makers, and

parents have been taught
mathematics using
mechanical processes that
have had limited real-life
applications.

In ECE, anganwadis play a pivotal role in
delivering pre-school education to children
aged three to six years. Anganwadis are pre-
school centers running across the country
under the Integrated Child Development
Scheme (ICDS). The workers at these centers
are also tasked with collaborating with other
stakeholders such as Accredited Social
Health Activists (ASHA), and Auxiliary Nurse
Midwife (ANM), among others, to monitor and
support the health and nutrition of children
and expecting and lactating mothers.

The anganwadi workers are responsible

for various services such as immunization,
delivering supplementary nutrition and
supporting other services. Inadequate
handholding and contextual training to
anganwadi workers on ECE and lack of
support from parents results in compromised
learning experiences of young children.

The BELIEF team tries to overcome gaps
in implementation by envisioning the
institutionalization of change. Atul from
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the team says, “We believe in bringing

in sustainable change by strengthening

the system. The role of each stakeholder
becomes especially important in this context.
For instance, in the case of ECE, we believe
that everyone, from Child Development
Project Officer (CDPO) to parents, should

have a basic orientation of ECE. Presently, the
team has prioritized working with Anganwadi
workers and parents.”

They conduct training for anganwadi
workers every fortnight. These two-hour-
long sessions expose the participants to
appropriate pedagogy and teaching-learning
materials suited for young children. They
initially focused on perspective-building
where the workers were made to understand
their role, its importance in the development
of children, etc. After every four to five
months, BELIEF conducts in-person training
for them as well. The workers remain
connected through a WhatsApp group.

The BELIEF team extensively uses teaching
learning materials for children as they believe
that these materials enrich their learning
experience. To understand how to identify
which object is greater in number, the team
told workers to place three books and five
pencils in front of children and request them
to tell them the object that is greater in
number.

Some children end up responding that books
are more than pencils as they tend to get
confused between two criteria of comparing
area and number of objects. The workers are
then asked to count the two items together
(applying one-to-one correspondence) to
help children understand which object is
greater in quantity.

Archana from the BELIEF team, who conducts
training for anganwadi workers, shared

that the material need not be expensive

and anything readily available can be

used for creating learning opportunities

for children. For instance, to help children
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learn about patterns, the team suggested
that the workers identify patterns in their
surroundings using objects such as leaves,
pebbles, flowers, etc. and discuss the

same with children. This activity helps to
build observational skills and increase
understanding of patterns in children. After
a few days, the children excitedly challenged
their peers and anganwadi workers to identify
the patterns they made. These activities
expose children to the freedom and joy of
exploration in education.

The BELIEF team believes that sessions on
numeracy should be looked at in conjunction
with literacy. For instance, children are
encouraged to frame full sentences to
express their mathematical understanding.
If books are greater in number, then they
would be nudged to understand and use the
statement, “Books are more than pencils.”

If there are three balls in varied sizes, then
to introduce the concept of comparing sizes
of objects and expressing their findings
properly, children can be asked “Which ball is
bigger?” or “Which ball is the biggest?”

During the pandemic, the BELIEF team
started reimagining the roles of parents in
foundational numeracy. Over WhatsApp, the
team shares activities with them through
text and audio messages and the parents
facilitate these activities for their children.
These were activities that the children
could do at any time of the day. These
activities were created based on Aakar, the
Maharashtra state curriculum for children
between the ages of three to six years.

The parents were required to engage with
children for about thirty to forty minutes
every day.

The team understands that the struggle to
strengthen ECE is going to be long drawn

out, as every stakeholder is used to the older
system. They believe that if the practitioners
and researchers work together, then
meaningful interventions in ECE can be rolled
out.

Ground Zero

Swatantra Talim

Since 2013, Swatantra Talim, a non-profit,
has been working to build a culture of
creativity and questioning skills among rural
children aged six to sixteen years. It runs two
after-school learning centers in Lucknow
and Sitapur districts and works with five
government schools in Lucknow district.

To facilitate social change, the organization
envisions co-creating every village as a
center of innovation and building every child
into an innovator.

The children in the region come from families
with low literacy levels, culturally rooted
orthodox value systems, and deep social
inequalities. The lack of contextual education
that fails to incorporate their experiences and
traditional knowledge pushes these children
further away from the public education
system.

Rahul Aggarwal, co-founder of Swatantra
Talim shares, “Our activities’ focus is on
making learning mathematics explorative
and collaborative. We try picking problems
that can be attempted differently. The idea
that there is only one method of attempting a
problem needs to be debunked.”

The team uses Khoj Dabbas for their
sessions. These could be described as a
Lab-in-a-Box that equips each school with
lesson plans, easy-to-follow activities, and
locally sourced low-cost materials. These
Dabbas enable educators to explain science,
mathematics, language, and social science in
an integrated manner.
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For example, if the operations of
multiplication and division are being
explained in the session, then the teacher
could conduct operations using contextual
materials such as wooden sticks and
eventually move to notebooks. This activity
helps children understand abstract concepts
by using concrete objects.

Khoj-Yaan is an extension of Khoj Dabbas.
This experiential learning program focuses
on expression, exploring thoughts, scenarios,
and feelings in a ‘fun and learn’ way. It
integrates teaching language, mathematics
and science through puppetry, creation,
puzzles, and games. Children in grades one
and two are encouraged to make and play
with toys.

For instance, the team using the story of

the hungry caterpillar asked children to
make their own caterpillars and weave a
story. The children in grade three could
modify the game of snakes and ladders to
caterpillars and ladders where the facilitator
could introduce new set of rules that help
the children apply basic mathematical
operations and become problem-solvers.

The children in grades four and five could be
given puzzles such as sudoku that help them
hone their logical reasoning and engage with
numbers. Rahul adds, “The sudoku puzzle of
afive into five grid can be conducted using
five different objects and each object is

five in number. These objects can be locally
available materials such as sticks, pebbles,
etc. Children enjoy doing these puzzles. Using
such engaging techniques and materials,
their fear of math starts to disappear.”

To introduce the qualities of numbers, a
game could be played in which a player can
be asked to select a number and the other
player must guess it. For instance, if a player
selects any number between one to hundred,
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such as fifty, then the facilitator can nudge
the other players to ask whether that number
is odd or even or a multiple of any number.

The fear of math is
accentuated by notions like
It is alright to not be good
at the subject oritis not
useful in life.

The pedagogy of simulation and trying out
different methods to solve puzzles and
problems encourages children to keep

track of, and reflect on, their performances.
The Swatantra Talim team believes that
developing robust foundational conceptual
understanding and an environment of
thinking and brainstorming, encouraging
exposure to innovative ideas and thoughts,
and real-life applications will give children a
well-rounded understanding of mathematics.

In Conclusion

Most of the stakeholders in our education
system including educators, policy makers,
and parents have been taught mathematics
using mechanical processes that have

had limited real-life applications. Fear has
traditionally been evoked to make them
learn, and the essence of concepts was not
expressed. An education landscape that
adopts engaging, explorative, and contextual
attitudes, curriculum, pedagogy, and
teaching-learning materials can help children
truly find the joy of learning mathematics.

You may reach out to the organizations
featured in the story at: Aavishkaar -
Palampur - info@aavishkaar-palampur.

org, Palakneeti Parivar - sumitramarathe@
gmail.com, Better Education Lifestyle and
Environment Foundation (BELIEF) - connect.
belief@gmail.com and Swatantra Talim -
swatantratalim@gmail.com.
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wipro: foundation

Wipro Foundation is a public charitable trust
set up for corporate citizenship and
Corporate Social Responsibility (CSR) initiatives of Wipro.
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admin.wiprofoundation@wipro.com

To read previous issues of Samuhik Pahal
please visit: https:/issuu.com/wiprofoundation
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