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Editorial

The unfolding story of taking computer
science learning to the next level, with

all hands on deck

Pi Jam Foundation Team

regular poster boy for the glossy ed tech

ads for “Can your child code?” A student
of Mumbai’s Maneklal Municipal Hindi School
and a resident of Ghatkopar, he has built a
game using opensource software, to raise
awareness about child safety for the parents
in the neighborhood.

1 4-year-old Mushahid Khan is not your

Yashoda, an instructor at Pi lab, set up a
computer lab in the kitchen of her small
house in Ganga Khed, a village in Parbhani,
Maharashtra, taking lessons for 25 students
through the pandemic. All she needed was

a tiny credit-card-sized Raspberry Pi device
that doubles up as a central processing unit,
and some training.

We have known for a while the sheer power
of computer science (CS) education and the
impact CS-related skill sets are going to have
on the future of our children. CS education

is of course critical in terms of opening
employment opportunities. Apart from that,
through CS, today’s children can meaningfully
contribute to the world in the future through
their problem-solving, analytical and design
thinking skills. Building competence in
computer science also feeds into children’s
wide-eyed curiosity. It gives them a sense

of comfort and familiarity with the digital
landscape, likely to translate into more future
opportunities.

NEP 2020 addresses the need to bridge the
gap between traditional school learning and
the acquisition of practical and future skills.
This is a crucial aspect, as the outcomes

of school education must lay a strong

foundation for children to excel in their future
careers and in life, of which CS is emerging as
a significant component.

However, a question that begs asking is -
have we democratized computer science
learning enough? If so, what is the quality

of CS learning that we are imparting to
students at the bottom of the socio-economic
pyramid? How diverse and penetrative is the
access to computer science education as it
should be taught?

As you will discover in this issue, various
non-government organizations along with
government agencies (like Government of
Goa’s coding and robotics program CARES,
or Government of Delhi’s inclusion of future
skills-focused courses and curriculum
covering Al, machine learning and coding),
CSR entities and big-tech (a hat tip to the
work being done by companies like Amazon
through its Amazon Future Engineer initiative,
and CGl) are working dedicatedly with
educationists in this direction.
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These varied sets of actors are making

and driving policies, framing pedagogies
that integrate CS learning in ways that
develops specific future skills in children.
These include computational thinking,
design thinking (identifying problem around
to charting out the best solution path),
analytical problem solving, creativity and
logical reasoning. In other words, the attempt
now is to make quality CS learning available
to every child, so that no child gets left
behind in having a place at the table when
an inclusive, solution-centric, imaginative
tech-driven future is being shaped. There
are challenges, like the demography, reach,
infrastructure, advocacy and awareness.
However, solutions are in sight too!

NEP 2020 envisages a shift to a system
where, “Children not only learn but more
importantly learn how to learn.” It goes on to
say that the “pedagogy must evolve to make
education more experiential, inquiry-driven,
flexible,” an acknowledgment that has given
a boost to our approach to computer science
learning. If voices from the ground that you’ll
read in the ‘Insights’ section of this issue

of Samuhik Pahal are anything to go by, the
results are reassuring.

To make education and learning outcomes
more effective, educationists are making a
case for children to learn coding early, like
languages and arithmetic. Programming
has been encouraged as a tool to introduce
computational thinking, which means to
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think or look at a problem like a computer
scientist. As a researcher points out in

this issue, scientists further argue that
although computational thinking represents
an excellent starting point, the broader
conception of ‘computational participation’
better captures the twenty-first-century
reality.

As Dr Chintan Vaishnav, Director, Atal
Innovation Mission (AIM) shares in an
interview in the issue, “When you look at
school labs, there have been two waves
before the makers’ lab wave, the science labs
wave and the computer labs wave, which are
very different from each other. The makers’
lab was possibly the first time that both
minds and hands were involved. In science
labs, they prove what is known, in computer
labs, they digitize what is not digital, and in
makers’ labs, they create thoughts!”

Cases in point - using technology to grow
plants with minimal human intervention;
building local weather systems; writing codes
to automate irrigation pumps for farmers,
and; building motion sensors to read potholes
based on pothole data repositories - low-
cost, scalable computer science education

is helping children relate computational
learning with their social realities and
problems, apart from implementing scientific
and mathematical concepts they learn in
their regular classes.

We must create a generation of kids who are
computational thinkers, problem solvers,
design thinkers, innovators and analysts, and
not merely good at a particular skill subset,
namely coding in this case.

Various initiatives, including Nipun Bharat,
have offered to fill the lacunae in the

Indian education system, influencing the
prospects and design of NEP 2020. The
COVID-19 pandemic has essentially thrust
technology into the hands of everyone. While
the educational technology sector has been




at the center of this transition, distinct

gap remains between access, agency and
utilization of the tools. More access, while
needed, does not alone ensure cultivation of
agency for learning and problem solving or
indeed improvement in learning outcomes.

There is a need to delve into the essence of
education itself, to understand the quality
of outcome in the above context. Education,
in its truest sense, has two dimensions. The
first pertains to skills and the job economy,
where education aligns with future career
prospects. The second dimension delves
into the elevation of the human soul, the
cultivation of agency, and empowerment.

Can the children think on their own? Can
children use digital tools to solve the
problems they observe in their environment?
In this modern age, technology has now

been seamlessly integrated into our daily
existence, influencing the way we interact
with the world. But not every learner has been
able to exploit this integration to her best
potential, just yet.

This is where what we do in the field of

CS education as part of the educational
overhaul becomes so important. It’s not just
about technology proficiency. It is about
cultivating agency in the digital era. The
creative dimension becomes paramount

for children’s development, as creativity
takes various forms and is instrumental in
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participatory problem-solving and critical
thinking. Computer Science doesn’t merely
provide comfort with technology. It serves

as a catalyst for nurturing creativity, honing
logical problem-solving skills, and facilitating
an understanding of the world. Against this
backdrop, the role of nonprofit agencies
dedicated to improving access and quality
of digital education in India is critical to
ensure that children are equipped with 21st
century digital skills. Our mission must be

to democratize computer science learning
across the entire country, along with building
agency, nurturing problem-solving and
creative skills in learners.

The essence of agency varies from a school

in Kupwara (in Jammu and Kashmir) to a
crowded school in BMC (Brihanmumbai
Municipal Corporation, or Municipal
Corporation of Greater Mumbai). Similarly,
the stories of teachers adopting computer
science learning modules, and using low-cost
tech to do the same as part of their teaching
armors, is inspiring. It showcases the shift
from mere digital access to its effective
utilization. It is about acknowledging that
having access to technology is not enough.

It is about integrating it into students’
learning experiences. This is where nonprofit
organizations must step in, creating a bridge
between technology, creativity and education,
ensuring that the digital realm becomes a
tool for empowering young minds, across the
socio-economic spectrum.

PiJam Foundation
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BT R G b qTeall” 85 S Iedl bl AR

of STl & - o T IURUT Traiferd & iR SuIIT v
o 37T 81 fR1erehi T 37 “Her g JRIaw IuANT 3R

oAl AT 81 WET & R v 3 Fefreet Susul
&% SHINT b AT W& S (ST 3reft dhael dleufias et
AT B) & AR BT fORIY ey & forg &7 fehaman &
IR T TP PR R SR AT 8, S o FIEY T 5t 372 2

CIGPEDIRarEY

Tt fRra & forg WY Y /8 |TeT T ARI JRFeht 87
Tpel H At UG A FrAferRad gee afiet 81 I8 1
Il 37U 3T F HIET forem & Taif-od €, afod Wier
GRT Y& T 10 féres SravaRt @t off serey 81 (I8 AT
PV AR 8)

i. BT : URAfp ATIeUS Bl el g caferd
3T 3R I8 ST o At T e T 8§
IRITHD T (additive reasoning) H OHIHD
dd (multiplicative reasoning) Y AR TG B
WWQW%M‘S’WW(fUhctionaI
variation)ﬁ?W%WWﬁﬁﬁﬁTw
&1 ART off GO R 81 BT IRATON Bt TehforT
FRP TS GRHATUN P FHST STTSAT P Taf~erd
R DT Ueh SIS TRIehT 6l

ii. Qe : eAT dY qoeT a1, Yeat & FEir aiik
e &P T GT 3R Y ST BT < I I8
e 7 Spare & HfpATd €, Ffed dlradamret
3R 3T T o 419 e Sera it a7 2l
R fT T SIER T 2Tfeh Y AHSHT et
B & fofy, afees Rieew b icrefierdn
(system dynamics) @Y T & fo1T oft e
ST B

iii.  STTqUaEATY : “SCT Bl A Tl frem
& oI SHT-U8a™T 8, <ifhT I8 dhaet SeT
& MR =TT (graphical depiction) 3R
FEITHD ARI (numerical summary) T
ST & Y H GHTH BIT 81 BIelieh STl Bl g
TRIDT A ST ST HeeTT & MR B PpI-37 TIBT
YT & Y€ ST b SHANT WR 1R el 81 3
STETT, ST % HUSRUT 3R YAHTTH & fofg JHRY
TN Y STTAIHAT Bl B 3 ARE Pl ST
AEATIT FSSITGT PRAT ThIAT 3R JART ST

TR bl ST b T GANRIT oY J[ST 8

iv. TS : aRafde Sftaw d Reerforat 3 wEman
Y ST HISAT (discrete modelling) That
o ThT B TIep IURFAT & &1 JfordT, et




Y, T, 3T, STefl iR Aead ST 3T
TRYAIG ST I & ST & SR HrgfeT o forg
ST THRT TR ST bRl 81 PN A €
TRE D FAAT3N & ST (AHUvl & ATeF B TR
3 AT HiSet 8 ST & 3fR 918 3 O Afsat
Y TR A PFYCIeT IR H Hee foreT
Hac! &l

V. UoMREH : SO &t a1 B ol aF 3il &
IS Y 0 DRl gU Tt (78T el 2l A
& foru fARF=T YR &Y ufthamd uem axdr 8—
=T 31erep fob Tfore T fas=-farer sra~aR fafare
GEATHD SCT WR N bl ST aret ga-frefie
TFeHAT3N Y ATE R N &) 98t SIa! &1 T Red
TGS T T F STl SFeRY el (RA<E
ATIYE &, ifhe Ufehaman & faaRiT awer
PEGCA T T HeT &1 5 fo1q Tep Ut
ferer bt FATereareT & e HfehaTd, e q
Y a%, ufeharedad fadmedt R e axAT ofR th
TUE b b MR TR ITH I T HeAT T Bl

vi. IR ; ) TS AT Dl 8T R P foIT
ST oM R ST avee 3R T
BT T PRI Tep TP DI 81 TITT
&Y HepelT B, STafes fopedt & 1S afionRes oo &
SRR PHIGICT b SFATE P T H PIST
Teh IS SFTHA 81 AT 81 SAITY 3T JaTE
TITH -1 < foTq 03T 3 8T T o fory weh
3BT A ReRIfey ST QTR B

Vii. SUHRUT : FHIYCR, THIEHIT R 37T SUSHRUT
FEICIT o oTq RIehiT 1R ATE Tar Bl
HECCIEIES ISEEAUICHISEARVISER )
ARG 3R I TR HERA &TRIST IR DY STovd
21 AT & goat & ARG, HIaHTHD iR g
T P HRUT $ TRE P IYANT H G 81
gTell P& AT IR Y LAY fdR R bl
STTERT R & TR 3T SRTATAATAT dTet 2T
U JUSRUIT 3R Wil e Ugd Bl &< H T8l
forarT ST HepelT 81 3QfeTY 59 Frey § AFfaLich
RIGTT & ST b JATER IR JRITT 3R
3J&H SHANT BIFT AT(Y

viii. AR ST : WY DS TP AR,
3T T ST & foTq Uep 3BT AR HeT pRel
81 39 TR TR 3ftaemepar 3R THNT &
ey U e T T Bl 31, ST STel &

T AT HIAT H Teet = W& & 3R FHHR
STa STRT 8, a1 it et 2iferen T drehl &

Tep TN I8 ST 21 Hewqul 91 I8 & fb
faremeflf Feerr gRT 9TaRR, &F iR 3 aTeTan
I dlgH, ST FHI0T 3R TeRad fESTE WR U
T T PR D FEHTAATSA] Pl YD ST
EARCICEDERING

ix. faerer oiR Rgaremgsier : defl & Uit
T ARG QAT TpeT H HIET T Jad
YRIT IUINT &7 8l Eletiich, S T2 Yeb IR
fasjaretTgoterT 3R Rigeter gel & HreeFel
3TTHTR ! FHE of & oil, IE Tt fafaer fway
TSI & I7b fRIferoT e faeaiR &R Fepdl &l
(3AUL3T ¥ TRHATU[AT T g7 AT P AT B
e [ R fomaR @)

S T TIeeh! BT IR UTaIERIT A AT At TR UR FHA

T BN AT SN T UIGIehH FHICTRA &l B §

% I AP TR W YA g B U By ¢ 7&Td &

EIRG RN

SETERT

HIS[eT Thet! aTgereRT H T TeRT R WY & forg Qe
SFITR UgeT 3 B IS AT H HIS[E 8 Thet! &l P
Terfes 3R Sod UTeIfiieh TR IR 37 RE & SRR
T TTOT-fRT& H T STy 81 ATeafie TR o) Ry
IR T P T vt  a1ferep faeqa ¥or Ty
ST &

BH ShHT-XUT (reordering) 3R g‘l@j\%‘f (regrouping)
I I TPIeDT BT Ugel B ool PR b 8, SiT AT
AT TIOTT” 2fifeh & SRR & 3R 3TTaT &1 399
ATt &Y Tfehamal & IR H b e P Ty oft 8 R
&1 SETERT & o7, 319 Uep 8fet & STel R aga-4 ami
(100 37R 150 & r) B Iufkerfey  vep ome) &) <& &
31T AR H T8 B U i fob T8 P febeT AT 87
I g1 BT o IO I Y DT 7 82 319 I8 Y
Sifer AT o 31Ut STR e & AT T8I?

BIC Foal BT AN TG B P fo1g 20 AT T F=FT
& foTq T A 81 goag A= diet-aiera” e
31T 8, Aif ar? B STRIM-AT ST SaTATIT S
‘l%@é’gl?l'lef (bunching) sﬁ?wgaﬂﬁ (grouping) &Hr
fopa oft < et 81 59 & 50 B ST A 15 DI AT
I & oy ad &, 1 87 oF Fahd & [ T S fohR &
ST H % PR T JATALIDT 8

T T W R N : g1 UITepT o e Siret T
TNl 17 T BiaT 87 [T ©U I 59 dvE & el &
RTlag P P P AR 8, Tl b DT 39 Ufshar §
Tl I T fhRAY TOTTeT T SUANT AT nTfed & e
I8 G fopa S F fob ft St ey Sy €, oiiR
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TAD SST Pl Pperet Uh IR FIHT ST 21 516 it
el BT Pl ol bl &T T TEAT 7 10, 100 3T DT
SIS T W ‘TR TRIBT IR DPRAT & IR & AT
& for 718 ST haeT 3 AT & forg fafde &, arag
3 <y F WS BT ST PR YET BT 21 U A
TR &I TII & &ffer s I AR BT G, AT 3FERT
&Y AR gwemen R faeR &, a1 It ¥ &
HIfcRIT I HireduRe e Ue g9, WS & forw o
IHE A 8T Tl Bl

I ST AT & forv off 8 a/aR &1 719 <ifvrg fs
HERTSS & U i & 61 URAR RIS dleld &, 13 1S
qlefd 8, 12 el fewal dlefd &, 8 dfiel &, 5 oRT!

& 31N Uep 37T STl URaR &1 39 fofT Uep arferasr
T (RT3 B A TaiH 8N fd A e fos &
T TRAR & ol T SI0S BT STANT ol &, &l U
AT Uep TR T8 b1 UfIifered el 81 e 89 3
TSR BT 5 STE? TUS DY 10x10 &Y arforar 7 ot
RN fohIT ST AT &, AT 1 T U e afReer
fIROT g T8} R 81 U IR o &9 IS & I bl
Tep Tl GNP P il &, Tl SR A B 7 el
Teh T8 T AT $ IR H, Ffed Tia § TH! b Ae
3MBR &b IR H At I5T ARY 39T STFDBRI Heldl 81 T
1% 3T I (histogram) ERENERS] 3 GRT Pl
3IR T PHRAT 81 J& IR &I d1 el b FEAHD
AT S b folT I fordl BT SUANT BHeeT 181 8, dfed
ST YT & depfetes TétepT IR fareR vl 87 9

R TR UEGT & ST feb AT & IR o1 o forq ey
31feres IUYh &1 Fel AT PRSI fora J SeT

R BT pes: & AR it @1 3l (iR e gur)
ST ST YD RT3 & fofl (IR Relt &, Ry
DT AR 1 F BT FaaTT B

N P foTQ STaeep SIEvTd ST o foTq Ueh Iepe
YRV YT PRT 81 Ueb I & AT R0 DR R AR
aﬁmwﬁr—q'aﬁaﬁwﬁaﬁ’lwwwm
g, sﬁmaﬁaﬁzwmgwaﬁzﬁrmw
amﬁaﬁaﬁsﬂvﬁwémaﬁwaﬁugmw
%%a@qﬁﬁmmﬁésﬁ?ﬁﬂﬁﬂﬂwmw
‘T %Wﬁsﬁwﬁv‘mwwﬁ ar 75 Y
%Wﬁ@ﬁ%‘aﬁﬁ%%ﬂﬂﬁﬁé@ﬁ%ﬁ P
(?JT‘@ﬁa“r) aﬁ?mcrgcm DY SIEXTT BT TfepaT gRT U
S, ST fafrerdran’ & R § dh R 3R 39 aRE
&6 T3 Y 3RS B F TENT IR P AR
P U H ol P IR el gl o g HlfRR Tpet §
9T & qrey ifere, Sfdep 3iR anfefe gonfera F sy
aRadHT T guiF BN Fepel &, ST SIERIT ST dTel SR
U JUTTferT & SrefepTferds UagR B afsgarolt & &
foTT v e Bl

TOTa-fArer 3R AT

U T T ST SUT 81T & 98 I8 & fob a/m
PECICT fRmaiT arecrd 3 0N e ¥ 37eTT &
area A, T8 T STt gRT I fony S arer
T IR A e &, 31T 39 Thei 181 & Fray
T AT IR G & 31X I ST IR ! & (b TS
Srerfres Y & ST T AT BT ¥ 3T T I H 7S
T Bl

I Ug 3 &7 3 faaR & ey, oS 9 & forg
frafamer & TRE R R oo Sya &1 arafds
]%P’@rEFUT(ReaI analysis) ﬁ@mq@?w#ﬁaﬁ
& ST TIOrhRr o 3T WY T 31l R &1 ST =T
BT (Bolzano’s theorum) WW‘#WH@%
JTRIT BT STAT HRAT & ST Udh A HeA (continuous
function)ﬁWWﬁﬁﬁﬁ%%qﬁ@ﬁ

&1 i HfvwTebe bl ~JeA-Rqe fafer (Newton -
Raphson method) FcT W%W@W@m
fafRr ve™ PR Bl SR fthawes dise W9 (Brouwer
fixed point theorem) @7 STaT & fdh =T +ft e et
f & foTq T piFUde Il AT P 371U 3T F HT &y
TR U 475 x $F YBR BT & P f(x) = x| A RE P
Teh 1 faivg &1 TUMT Uep Frilelt & 37K &4 Ueb A
TANREH & BT &1 H (IR 819 A FraoiR IxAT Ul
T BT 3TR TN & TS (AT T D)
AT T FFIPTeTT Ueh 984T 8 faeta’y I &l

& A & fob Urerfies faererr & TRk iR W

TTOTT T T BT fIAY BT F ST 781 &, T
TOTT-apelT & FaR WIS P foTT 3TeRIRT BT SRR BHeeAT
YR & SIAT b &9 SuR o o Areafies Rk ©)
ST CIFT T IR PRAT IUATT BT ST 81 ISTERVT P
fTQ, n 37T IR aTel n YRgep FHIDRUIT (qUrich Turieh
& |TRT) & Uah PRI (system) BT & BT OR foaR v
B VT &R o 1T e QTR ARjg |ahd! 8, et
T ST &Y fJeliu= fafér (Gaussian elimination)

g1 fAR oft 59 foU 10 e &7 1S &7 7 81 AT U
STITET 8T 81 Al 89 PV Teol-5T (AT e &t
SRR Bl 81 SRR3R, JT dTelt Reify 4, 89 98 4B
Hehl & fob T PPy & 3w ©U I B 8T B TR
Teh 3R U8 Hegacit aRu § S~ 814 dTeil YRAT
AT A T 8] T 3TRT BT el §U 8H I
TRERT GITRY & Y F ST T A1V 3R IR
IR &b ATRS BT HRAT TTMRY, T Sre IP AT
®U ¥ gRafid exAT a1fRY? T S0 DS e USdT 872
HIHRUN o fFrepTer <p foTq Afcer SIS CrepRUT ebT SUNT
TRP & AT BIRICT IR 872 9 ARE P AdTell Dl SSHT
3R IPHT STATd AT WET & T 3Tmeredras 2
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et H T e TOT-fRrer o forg, afees faer ofk e
frrt 3 forg i WY Y orifiiesalT 81 SeT T yeare
ST, ST DT UITCHS IR AHTHSD HY J THSAT 3R
ST T ITEAT BRAT 7 et [ b foTg afeed et &b
forw oY araeze Hieret &) el 3 91 B 9 Jew
T ST 8, OR I8 HiereT et & forw off Srest B
AT et WY P foTU B To-TcHD TTER ST PRt
3R g 7 oY Qferes F=awT T 9aT el &l

HaTell ol A | @

g1 &9 T o & fob WS o1 ram 3ref & 3R T8
el! 21T T BT g R Fabdl! &, IR B9 397 Jallel
BT A9 e T & o &% W4T 771 AT TR U
1T 1 ¥ 81 3fTTeiTsT frerm iR werman 7 fefeat
TrenfiehT o SUINT T gepTere fST SITERT UR Y STl 8,
TE I BT 37T & fS1eht =l & J&T IR W8 &1 BN
PHIRUT 37T B

® 37T fa=a (critical thinking) faRaa
R RIEMT T Ueh U Seed € 3R Teniiay
TR U ATATATHED STV SahIel el i
LI Bl TNIREH Aonl- EIRT S I &
3R TeMREH GRT ST H ST 3R FaTferd fopam
ST & gt uRuara et IR o & forg 5
T ST T BT SATaRTD & fob TNGH P
BT BT 81 7 HShATAN R FERT TPt P aui 7
efR-efR fIpRye gt &1

o fAremeff & T faeRaa @A farer @7 e @f)
HEEUT Ieed 8l 3R Srfe ferameff e g e
GHSI b CAfhe o foTq Tep T QTfehelTel! SUehRur
e Rl &l T8 T USRI 7 hefe] a5l 8,
gfed T8 I &maren & ot afiet Hear & S anft
REATERECEINE]

o IxIEHl & gR H I (resource consciousness)
TYfep SfieT T Yeb Hewqul SATaediend 8l 3R
Steifs I8 U qTiRReerfee arfHariar €, 59 dvs
&Y AT DY TRATIT IR & forg aTRRrerfaes
Y aerefieT aXihT A TIRT B Pl eI eheT
21 3ituaTRa iR (formal thinking) @ off gt
T OR QST fopT ST STas 81 AU farer
HaeTeNeTdT STTex UAT &1 Ueh T STaIR UG el
gl

o  fare AR faprT F YrfieRT v 3R faary
& A1 BT ST IR & T ARTRaDT Y IR
R N ST Al bl AT Dl e BY <l ol
Waﬁmﬁw@ﬁw@a—a‘rwé‘d

SRTe g8 omfirer & 37k ar i) et S SHP deamr
o1 eRe & —% eflpdifae =0 o by fosr
UAT IRAT IRTHT Bl STV ST 3R Alepe P
e & Frae & IR H ARG B RIfeT AT 3
TG & U TariaT &l

T YR T S o1 Tepet A HIET f2rer by Seeg
RETRIRICT AR FLTRDRT & foTq FHICI GRT 1S T8
STEREE 7S & BT SUART BT 21 ATeS B ST 3R
TAIREH UR Ueh ST T GepIT fehiRaet e
3R 9 (scale up) & NI & HY H FATE IUART
&% UfT Faeeierar faewRid @A off ST 3237 &l

I8 Ied| &b TP BT 81 TpeT H oy 37 7 a1
AT BT el HIH IuYeh (+10ig Fremni b e

& TGS UR 21Ter b JTER TR forar S 8, 7 b
TN fIhIT SUBRUIT T SUTeEdT I ara H, f$freet
SNt oraeT Ieprele arelt sifireafch # Aigd 8l Fadit
81 &5 39 1 I clehR Fciep Y& bl SRR & feb el
YR o JeTH = & S| §9 cIE b fara bR &
eI < & R Si feb go =t ot &t & fob Sitenfirehl-
STETRE HIEY T FHST bl Jerim § AT 7R fOre-feram
& da ey e & forg aifere QR aiik arefe
IR YT BT

I H TSUT AT ST ot geprerd o 3R TR SR oft
ST fEpdT=aarT fehaT STTY, B9 I8 o el ST 2aehall
& o5 o &R Uy faremr-momeY 7 It TRt R S
T YNNI R T & 81 f1err wer, faey oy &
T , WY FETEETRN Y TR SR & 3R S5
SrerfOrep FATET & BU F A B ATLIDBT 8 THITH
ST & e wfted Use WIGHUTSLITET, Sl ¥hal &
g gas qof Y uraTaat A 2] Te e § ik
<7 H ST Ueh BT Tl | e Ugerci &, BT AIHI T
AT Ale YT Rl & R & Ay § &g Ugel I
B ol 21 &7 8T 39 91 R g et ared € fb
T I § ST &b IR H IR G IS PIh] 8 b
HITHGISATAT & 39 I Ui 8

TS IS &1 bt 2019 Y VI ehl YTSAYRTDT
o Y UTaEERIT & il bl AT R ATelT Ueb T
U] (information processing) 225 AT B
farerent A 337 UB & foTv a8 M R UTH ABRIHD
gfcrferar fohR & Sefie ST &
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Endnote: This article is a translation of the
English essay titled “Computational thinking:
the new buzz” by R Ramanujam. It was
originally published in the July 2022 edition of
the Azim premji University (APU) publication
At Right Angles. The Hindi translation has
been very kindly provided to us by APU’s
translation archive Anuvada Sampada.

3TTR RFATIST TOMC fST=T HeRT, =g o Ty
Th IR TgIf~de HHYIEN = (mathematical

NN

logic and theoretical computer science) q

9y PR T8 81 98 Mg e H9 9 S gU 8 iR
fasT wa T & eafiraRor SfiR farer ¥ Afgher Bfer
TG Bl I8 IS BT B iRT a9 & HITT o forw af
2020, 3f~eRT e QAR A FHEATH fhaT T 2 37
jam@imsc.res.in W I T ST FahdT &l

IS : e T
YARIGTOT Qe SIT-GSITET : ehfaer ey
TS : NoTeT ITTaT

Children working with computers in intervention schools of the nonprofit Universe Simplified Foundation
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Reflection

Problem solvers of tomorrow

Nurturing creativity through computing education

in Indian schools

Shoaib Dar

14-year-old Ganesh Kumar, along
Awith his classmates Anil and Arjun

from City High School, have taken on
the challenge of tackling frequent drainage
blockages in Lambi Gali, a neighbourhood in
Jammu and Kashmir’s Udhampur district.
The solution to create a real-time drainage
blockage map occurred to them when a
new teacher, Surinder, arrived from Pune
and taught them how daily issues can be
solved by inculcating critical thinking and
technology. With a vision to improve the
neighborhood’s deteriorating condition, and
with the curiosity to employ critical thinking,
their solution has come to life! By using
water flow sensors and LEDs, Ganesh and
his peers have created a real-time map of
the city’s sewage system. Thrilled at their
achievement, Ganesh says, “l want to be a
teacher when | grow up...a good teacher helps
improve society.”

In a rapidly evolving digital age, where
technology is at the core of nearly everything
we do, preparing students for the future
involves more than just teaching them how
to use a computer. Computer Science (CS)
education is no longer just about coding

or understanding hardware. It is a medium
that empowers students to become creators
and problem solvers, regardless of their
background or the resources available to
them.

At Pi Jam Foundation, we try to ignite the
innate desire of young minds to contribute
positively to society, just as Ganesh did. Our
CS curriculum tries to go beyond traditional
methods, teaching critical thinking, design
thinking, and collaboration—essential skills
for tackling real-world challenges.

As the power of computer science continues
to unleash, it only feels apt to explore the
transformative power, its broad implications
for learners, and groundbreaking initiatives
together. We delve into a framework built
upon five key principles that form the
bedrock of our educational philosophy,
uncovering how these principles are changing
the way students perceive the world around
them.

There are always challenges of tech misuse,
cyber bullying and the risks it entails. This is
particularly relevant for us as we work with
children. Therefore, as part of our Let’s Code
program for children, we cover discussions
on cyber safety, digital citizenship and the
responsibility that comes with powers of
creating with technology. For us, creative
expression is invariably tied to ethical and
safe usage.

Secondly, when a child perceives it as a tool
for creativity, the outcome, for example, is
that the animations our students share on
social media are the ones they have created
themselves, instead of becoming mindless
consumers of social media. Besides,
students also start operating from the space
of solving problems they observe in their
environment. This cultures a consciousness
of creating to solve, and possibly to entertain,
but never to create abusive content.

Computer science is a medium, every child is
a creator and problem solver

Imagine a world where children are
encouraged to be problem-solvers. The
key lies in transforming education from a
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passive process of observation to an active
one of engagement and empowerment. To
unlock the problem solving and creative
potential in a child, we need to adopt
hands-on pedagogical practices that

build these skills. By integrating practical
problem-solving challenges and creative
tasks into the curriculum, educators can
guide students to apply their knowledge
actively. Encouraging critical thinking,
collaboration and experimentation fosters a
deep understanding of one’s problem-solving
capabilities and creative potential.

In Wadgaon Sheri, students — Uzer, Raj,
Sony and Arman — created a project called
‘Walom.’ It is an experiment to grow plants in
a controlled environment. Walom addresses
the problem of growing plants that require
intensive human involvement by reducing
the effort with the help of technology. “When
we found out that we can use technology to
address the problem and grow plants even in
less space, we started to plan,” shares Uzer.
The students made a list of all the required
components such as water, air, nutrients
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and sunlight. For every need of the plan, they
appropriately used technology to fulfil it. The
small space used was an old water-cooler
recycled as a grow-box, which was fit for the
project.

“We used artificial lights to mimic sunlight,
fans to control temperatures, moisture
sensors to detect soil moisture and indicate
when to water, and an automated tap that
sprays when the sensor prompts it to do so,”
explains Sonu. The students used Python

to execute this project. From learning how
to make circuits, work in teams, assemble
wires, to ‘fix’ things, and to understand how
programming works, the students had fun
and learned computing skills that will go a
long way.

They made mistakes. However, they
overcame the challenges quickly, once they
realized that they can work with complex
systems. “We used to only read about these
in the textbooks and never got to make these
with our own hands. We have learned C++
but never experimented with it. But, when we

PiJam Foundation



came here, we did everything ourselves with
our own hands,” says one of the students.

The students worked over the weekends
across six (6) months, turning the office into
a makerspace. The absence of computer
labs at their school premises birthed a
wonderful and enviable project out of a noble
idea. Moreover, providing opportunities

for students to showcase their problem-
solving projects and creative endeavours

to peers, teachers, and the community, has
boosted their confidence and reinforced their
understanding of their own abilities.

Celebrating these achievements and
acknowledging the uniqueness of each
child’s creative contributions can further
solidify this understanding. At Pi Jam
Foundation, we feel and see this impact every
day. For the thousands of children that have
been introduced to computing education, a
world of possibilities has opened.

Every space can be a lab

When one thinks of a lab, the first thought

is of complex science, followed by visuals of
people seated in a specific order, typing as
fast as they can while staring at the screen
with numbers and alphabets running in all
directions. Well, one isn’t wrong to think of
this set up as a lab. However, are labs only to
be confined to four walls?

Every space can become a lab—be it a
corner in one’s kitchen, under the shade of
atree, orin agully (narrow lane). Education
in such spaces is often not recognized or
encouraged. But an affordable learning
ecosystem for computing education can
equip even under-resourced neighborhoods
and schools to build future skills.

A great example of this is Gully Gully Code.
It is a student-led initiative, where former
student leaders who have been with Pi Jam
Foundation, and are now undergoing higher
education, work with community children
in neighborhoods and communities. Their
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goal is to introduce children to computing
education. They go into community areas,
like lawns, open dwellings, and spaces under
trees, to mobilize the children from across
the gullies to bring them together in one
place.

These gatherings usually begin with simple
games and activities that require a paper
and pen, known as unplugged activities. In
these, one needs to use logical reasoning,
i.e., how do you move an object from point
A to point B. It enables the children to think
step-by-step, which helps them nurture
their computational skills. Most children
now have access to smartphones, which the
student facilitators use for teaching them
programming on the Code Mitra application.

These Gully Gully Code sessions are
structured in a manner to allow at least an
hour of app-based programming with the
children who identify issues around them to
solve. For instance, children in communities
of Dharavi, Yerwada, Bhosari and other
parts of India have identified issues of air
pollution and waste management that affect
their lives. With the help of Code Mitra, the
children have successfully codified the
problem and suggested simple solutions that
can make the communities more liveable.

By breaking preconceived ideas of what labs
are supposed to be like, children are now
equipped to identify something that they
relate with and create awareness to solve
the problems at hand. Problem solving,
computational thinking, logical reasoning,
and collaborative experimentation are the
bedrock of imparting computing education in
spaces never imagined before. As long as the
learners come together with a vision to solve
a problem, they are collectively able to create
a space for change.

Computer science is everywhere

For Adnan, Furgan and Shakir of Kashmir’s
Baramulla, familiarity with apple cultivation
comes easily. While interacting with apple
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farmers, they were quick to identify that
farmers were not compensated fairly for their
produce. The reason being lack of access to
Apple Grading Systems, which are expensive,
with their cost ranging from %1,50,000 to
%8,00,000. Their hope to improve farmers’
profits inspired the trio from Government
Higher Secondary School, in Kreeri, to design
an affordable alternative.

Their research led them to leverage
technology to create a prototype of an
automated Apple Grading System. It uses
servo motors and colour sensors to create an
intuitive interface, which works on a real-
time feedback mechanism. The technology
grades the apples based on size, colour

and other quality attributes. It also ensures
accuracy and efficiency in the process. The
prototype developed by the students costs
about %360,000. Its comprehensive design
allows for scalability and customization to
cater to farmers’ specific needs, based on
farm size and production. The students also
aim to upgrade the prototype by using solar
energy to power the system.

This problem-solving design has helped
streamline the labour-intensive process

of grading the produce and ensure fair
compensation for the farmers. Guided by
their mentors, these students reduced the
processing time and the scope for errors in
the process. This means that the farmers can
now procure an apple grader which is well
within their means. It would allow them to
focus on their production while increasing
profits. Such innovations, even if they
seem small, can create large-scale impact
especially in a country like ours.

Computer science isn’t confined to computer
screens or the walls of IT companies. It’s

an integral part of our daily lives, from

the patterns we observe around us to the
logic we use in our everyday decisions. It’s
about pattern recognition, sequencing, and
problem-solving — skills applicable in any
context, which are centred on the individual’s
agency.
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Over time, Pi Jam Foundation has diligently
promoted problem-solving and computing
education through initiatives such as Code
Mela. This is an engaging program that
introduces both students and educators to
the world of computer science in a fun and
interactive way. We utilize Code Mitra, a free,
specially designed mobile app created for
regional users.

In schools, these immersive, hour-long
sessions, along with a holistic curriculum,
enable computing education to be inclusive
and accessible. It allows us to embrace

the intersectionality of problem solving
through logic, cultural reality, and everyday
phenomenon. Many such initiatives have
been recognized at the UN Education
Summit, HundrED, Mbillionth, and other
platforms.

You don’t need a computer to learn computer
science

Computer science education doesn’t always
need digital devices. In classrooms where
electricity supply is sporadic, students are
encouraged to think computationally without
screens. They write code on paper, solving
problems step by step. This ‘unplugged’
approach fosters logical reasoning and
creativity. It also demonstrates that
computer science is about the skills, not the
gadgets alone.

In Mundhwa, on Thursdays, when there is
an electricity outage, children unleash their
culinary creativity. No, they don’t necessarily
cook. Without screens, they pick up pens,
papers, and their boundless imaginations

to whip up recipes, from savoury curries

to sweet desserts. After jotting down their
culinary masterpieces, they come together,
sharing recipes and ensuring they’re easy

to understand. It’s not a competition, but

a lesson in empathy and teamwork. In this
simple act, they demonstrate the power of
creativity and collaboration, showing that
even without electricity, the light of learning
can still shine. Such unplugged activities
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help in building the foundations for logical
reasoning and computational skills, which
can be further honed based on the children’s
individual interests.

In another inspiring instance, consider the
story of Humaira Jan, a ninth grade student.
Learning from our Pi Jam trained Atal
Tinkering Lab (ATL) teacher in Ganderbal,
Kashmir, she applied the problem-solving
framework to confront a deeply entrenched
issue within her community. Faced with the
limitations imposed by traditional customs,
particularly those that adversely affect
women, Humaira took it upon herself to
become a catalyst for change.

She identifies that women in particular

and people in general lack awareness. The
question arises: why is there such a lack of
awareness? The answer lies in the absence
of individuals raising their voices and
expressing themselves. Consequently, she
makes the conscious decision to elevate her
voice and express herself creatively through
poetry. This vividly illustrates the concept of
problem-solving coming to life.
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Through her bold and innovative approach,
she is emboldening women in her community
to break free from the confines of societal
expectations and embrace their limitless
potential. Notably, her debut rap composition
titled “Aurat” received well-deserved
recognition. It was prominently featured on
YourStory, a prominent storytelling media
platform.

An approach based on systems, not a product

Education isn’t merely a product but a
comprehensive system. For widespread
impact, you need more than just a
curriculum. You need collaboration, support,
and a multi-layered systems approach. While
adopting such an approach, teachers and
trainers play an integral role in ensuring that
the spirit of problem-solving is instilled in
children. The primary goal of Teacher Training
(TT) at Pi Jam Foundation is to empower
educators with Computational Thinking (CT)
skills, so they can seamlessly incorporate
these crucial abilities into their teaching
practices.




This approach extends far beyond

technical subjects, adopting an integrated
methodology. Its aim is to empower teachers,
enabling them to effortlessly infuse CT

skills into their regular teaching routines.

An inspiring example of this approach

is embodied by Yogita, an educator at a
government school. Yogita is consistently
dedicated to integrating CT skills into her
classroom activities. She adeptly harnesses
the teacher training framework provided

by Pi Jam Foundation, effectively bridging
the gap between block-based programming
concepts and the everyday experiences of her
students.

This approach enhances their conceptual
understanding. It also facilitates practical
application within the classroom. Yogita’s
unwavering commitment, coupled with

the support of Pi Jam Foundation, has
yielded remarkable results. Her students
actively participated in a Code.org event,
showcasing their CT prowess. We at Pi Jam
Foundation played a role in this by offering
comprehensive CT training, providing
platforms to showcase her innovative
teaching methods, and offering ongoing
support through regular visits and refreshing
training sessions.

The culmination of these efforts resulted in
Yogita being honoured with the prestigious
Ideal Teacher Award from Pimpri-Chinchwad
Municipal Corporation (PCMC) for the
academic year 2022-23. This serves as a
shining testament to the profound impact of
integrating CT skills on 21st-century abilities
such as problem-solving, creativity, and
critical thinking within her classroom.

While teachers like Yogita do their best

with resources available to them, a rather
disappointing observation emerges in many
regions. Here, once-promising computer labs
have regrettably transformed into virtual
museums. This nomenclature stems from
the stark reality that these facilities are
seldom used, a disheartening testament to
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the underutilization of available resources. It
also exposes the intricacies of incorporating
problem solving, computational thinking,
computer science, and creativity as tools
into the current education system. It’s not
merely about introducing a novel subject. It
also entails reshaping the very foundation of
education.

The programs that we have developed at

Pi Jam Foundation, emphasize on building
teacher capacity, contextual toolkits and
learning resources, and partnerships with the
government at the national level, with NITI
Aayog, and with education departments at
the state and district levels. So far, we have
developed more than 10 partnerships. From
building teacher capacity to enabling the use
of technology to aid learning, to using tech
as a learning tool is a significant shift we are
trying to bring, like the difference between
learning to operate a projector or Zoom

and developing computational thinking by
learning to program.

In teaching a subject like math, for example,
computational thinking helps understand and
dissect the mathematical processes involved
in teaching core math concepts. In science,
they can create tools and models to help
students visualize. So, these can become
teacher learning materials that teachers can
generate themselves.

We have also created a course module for
computing in Marathi. This was launched
with District Institute of Education and
Training (DIET), Pune, and Samagra Shiksha.
This module includes skills like design
thinking and computational thinking.

When we talk in terms of shifts that have
been brought about with these partnerships
in the existing ecosystem, an example

that comes our mind is from our work in

the district of Baramullah in Jammu &
Kashmir. During the launch of Mission Digital
Baramullah there, the District Commissioner,
who is a doctor, shared, “Even though | am

a doctor | need problem solving skills.” She
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was aligned and inspired with our vision

when she saw our kids were not just applying
technology but were applying problem solving
skills to everyday problems.

Integrating our pedagogy and training into
existing ecosystems like ATL labs, is yet
another example. When the apple grader
project was selected for the National
Technology Week, right from the senior
management to the DC to members of Niti
Aayog noticed the project. The effort received
impetus from local officers as well. There
was a cascading effect. Other schools and
teachers got inspired to nurture innovation at
their levels too.

Last year we trained 50 master trainers.

This year we are training around 1,000.

This expansion is based on the existing

and growing requirement from institutions.
This is perhaps a sign that more of them

are realizing that this exercise cannot be
overlooked anymore. The training modules
are also being integrated with the training of
vocational subjects. The resource person has
been engaged as part of continuous support
and maintenance of these labs and has been
officially incorporated as part of their existing
KPI.

At Pi Jam Foundation, we are on a mission to
democratize computer science education.
We want to make it accessible to students
across India. We believe that every child,
irrespective of their background, is born with
the potential to be a creator and a problem
solver. By redefining learning environments,
recognizing the ubiquity of computer
science, promoting unplugged creativities,
and adopting a holistic systems approach,
we are trying to challenge the status quo of
education in India.

Coding used to be relatively unknown for

a large section of kids, except for a few
private schools teaching the subject. Then
the Covid-19 pandemic set in. Consequently,
with online learning becoming ubiquitous,
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coding has become a part of everybody’s
imagination. What unfortunately remained
out of that purview though were skills and
meta-skills like computational thinking and
logic.

NEP 2020 talks about problem solving,
computational thinking, digital literacy,
creativity and coding. However, what needs
to be done is the integration of these policy
imperatives with existing resources and
policies of the government. For example,
ICT CAL Mission would be happy if the labs
were being utilized along with an appropriate
and effective curriculum. So, we tied

this elaborate work to the digital literacy
movement, enabling us to battle this lack of
holistic understanding of computer science.

When we started the organization, our idea
was quite simple. We wanted to figure out
learning, starting with a student, then to

a teacher, a school, and then to a slightly
larger ecosystem like a block or a district. We
have progressively explored this as a clear
hypothesis of what works at what level. In
the beginning, while we were working with
local governments and municipalities, we
had initially not engaged with policy makers
that intensively. We realized that it is best

to directly and collaboratively work with the
government to understand their needs, rather
than do something in an isolated manner.

We preserve the experimental spirit.

For example, we have tried to actively
understand through our work, how
community participation aids in student
engagement and learning. We have also
experimented at the level of scale. We have
sought to experimentally address the lack of
open, free and context-specific resources.
Available resources are fantastic, but they
are generally of a “global” nature.

The Covid-19 pandemic taught us that these
tools are not compatible with the devices
most of our children have access to, nor are
they contextually appropriate. A child sitting
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in a village in Parbhani in Maharashtra, with
no exposure to the western culture, was
suddenly expected to relate to a Santa Claus
walking across a path collecting donuts, for
example. This did not at all resonate with the
lingustic and cultural context for the child.
This pushed us to create an opensource
platform that was more relevant, contextual,
accessible and comfortable. We aim to

build this with NDEAR (National Digital
Architecture) principles and protocols.

We are an organization that has progressively
found itself working with all the layers of

the education ecosystem. This means that
we operate at depth to create high quality
proof points. We operate at the meso layer
with teachers, to create a community of
model instructors and facilitators. We also
work at the policy level, supporting state and
government institutions. This has meant a lot
of diversity within the organization in terms
of working across these levels.

While this diversity in perspectives can

be conflicting and challenging, we have

tried to learn from this process. You have
organizations either working at the policy
level or with teacher training, or directly

with students. However, at Pi Jam we see
ourselves as a sandbox. We picked up a small
problem statement. But we have tried going
deep into it. This means constant learning as
an organization, in terms of feedback from
working on the ground and adapting to this
feedback.

Students are at the center of this process. As
the stories shared by us might have shown,
our work has helped build the mindset of
students towards better logic to interact
with tech tools without fear. Our work with
teachers has involved creating a community
that can aid the district/block ecosystems.
Decision making cannot be sporadic. It relies
on the principles we have shared above.

Computer science education isn’t just a
subject. It is a medium that empowers the
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next generation to become critical thinkers,
creative problem solvers, and active
participants in a rapidly changing world,

all the while learning technology through
making. As we move further into the digital
age, it is vital to ensure that students are

not just users of technology, but empowered
creators who can shape the future.

Shoaib Dar is the Founder-CEO of Pi Jam
Foundation, a non-profit dedicated to
providing access to affordable technology
and fostering digital innovation and problem-
solving skills among Indian students and
educators. Pi Jam’s work has impacted over
4.8 lakh students and 5,600 teachers across
four states, with collaborations including NITI
Aayog, Samagra Shiksha, and UNICEF.

Website: www.thepijam.org

Email: shoaib.dar@thepijam.org
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Broadening access and
participation in computer science
education across India

Divya Joseph and Bobby Whyte

Introduction

ver the past decade, the provision of
O computer science (CS) education in

formal K-12 educational settings has
expanded massively across the globe. As
computing, Al and other digital technologies
permeate our everyday life, many have
argued that access to CS education should
be expanded to equip young people with
vital lifelong skills to thrive in the modern
economy. Towards this end, CS has been
increasingly introduced through school
curricula in many countries. Where some
countries have included CS in their curricula
for many years (e.g., Poland, Germany and
Israel), others have more recently included CS
in state curricula (e.g., England and Sweden)
or amended existing ICT (Information &
communication technologies) curricula
to incorporate CS (e.g., New Zealand).
Likewise, informal CS activities have become
increasingly popular in after-school clubs and
libraries through initiatives such as Code Club
and CoderDojo.

Broad challenges remain in access and
participation in CS education, including a
shortage of qualified teachers, understanding
what should be taught and how, and fostering
interest in CS education. In many states
across India, socio-economic challenges and
the lack of technological infrastructure have
prevented young people from accessing CS
through formal education.

In this article, we highlight three recent
initiatives by the Raspberry Pi Foundation
to broaden access and the importance of

participation in CS education for young
people across India.

Bridging the digital divide in under-resourced
communities

India’s digital divide is made worse due to a
lack of access to electricity, the internet, and
digital devices.In 2017-18, only 47% of Indian
households received electricity for more than
12 hours a day and only 24% of households
had internet access, with the figure dropping
as low as 15% in rural regions. While it is

not possible for an organization to single-
handedly solve these access issues, we, at
Raspberry Pi Foundation, are committed to
moving the needle for young people that need
access to digital literacy skills the most.

Through our partnership with the Pratham
Education Foundation, we have adapted

the Code Club program for learners from
remote, underserved communities in Uttar
Pradesh, Maharashtra, Karnataka and
Rajasthan to facilitate learning coding and
computing in their communities. Code Club
is one of Raspberry Pi Foundation’s flagship
programs to introduce coding and computing
to learners in a fun, safe environment. The
informal ‘club’ nature of the program allows
young learners, volunteers and educators to
overcome the fear of coding and experiment
using technologies.

Pratham provides local communities

with infrastructure that includes tablets,
Raspberry Pi computers connected to
monitors or screens, and a WiFi connection.
Learners aged 13-18 years use tablets and
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Raspberry Pis to learn to code. We support
the local staff at Pratham through training
that helps them develop their skills on the
basics of coding and programming pedagogy,
so that they can facilitate sessions with
young learners. During our training with the
staff, young adults aged 18-25 years, we
found that they were committed to organizing
Code Clubs in their communities, and they
wanted to use our training as an opportunity
to upskill themselves as well. As a result

of their feedback, we are now adapting our
training to include additional programming
languages like HTML and basics of Python,
which the Pratham staff felt would improve
their chances at employability.

Supporting non-formal CS education through
partnerships

With many education systems around the
world struggling to recruit and train adequate
numbers of CS teachers, one challenge

we want to address is existing teachers’
confidence and understanding in teaching
CS.

Since 2019, we have partnered with Mo
School Abhiyan, an initiative of Government
of Odisha (Go0), to support non-specialist
high school teachers in government schools
to run Code Clubs. As many teachers

were non-specialists, we supported the
teachers through online and in-person
training sessions on the basics of Scratch,
a programming language suitable for

novice learners, programming pedagogy
and how to run a Code Club. We also ran
live-coding sessions every Friday. This gave
an opportunity to interested teachers to
clarify their doubts. The online sessions
were supplemented through the creation

of WhatsApp groups for regular support. By
April 2023, over 950 code clubs had been
registered. Four hundred and forty-three
(443) teachers reported that they had run
Code Club sessions. From this, we estimated
that 32,000 young people had taken partin at
least one Code Club session.
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We were able to provide tailored support

to teachers to develop their confidence

and basic coding skills. However, we found
many other systemic challenges during the
implementation of the program. Since Code
Club is an informal club program, teachers
had to work with their head teachers to
allocate time in the timetable. This proved
challenging since some requirements of the
timetable are dictated to the teachers by the
state education department. Teachers have
many non-teaching responsibilities as well.
This made it difficult for them to make time.

In addition, teachers across the state
continued to struggle with infrastructure
issues. While the state government has
mandated 10 computers for each school,
most of the equipment is dated and not
suitable for learning coding. This is a
challenge for both students and teachers. The
problem is further aggravated by intermittent
electricity and internet access, making it
difficult to access applications and resources
online. Teachers also reported that once
timetabled, they found that having just one
session a week of 40 minutes was insufficient
for students. Teachers seemed to be spending
considerable time in revisions, as students
were not getting sufficient time to practise as
aresult of the infrastructural issues at their
schools.

For a robust CS program in schools, it is
important that some of these issues are
tackled at the state level. The scale of the
problems makes it quite challenging for a
non-governmental entity to solve these.

Adopting a school to pilot a computing
curriculum

The insights from the community-led
informal clubs program at Pratham and
educator-led clubs program at the Mo
School Abhiyan helped us design our formal
computing curriculum for Coding Academy,

a government-led initiative in Telangana in
2023. Our vision is to create a comprehensive
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computing curriculum that can be used in
schools across the country.

Coding Academy is an institution established
by the Telangana Social Welfare Residential
Educational Institutions Society department
(TSWREIS) to provide opportunities for
children from economically and socially
backward communities to learn coding and
computing. Our partnership with TSWREIS
involves creating and piloting a computing
curriculum adapted to the needs of young
learners in Telangana. The curriculum is
delivered to the students by Raspberry Pi
Foundation’s instructors, who come with
degrees and background in computer science
and computing.

Over the course of the five-year partnership,
we aim to identify non-specialist teachers

at the Coding Academy. They will be trained
and mentored by the instructors to deliver
the computing curriculum. Moreover, we will
work with the State Council of Educational
Research and Training (SCERT) and other
departments in the state to introduce the
computing curriculum to government schools
across the state.

Current and future state of CS education in
India

Over 2.6 million students in India choose
STEM subjects at the graduate level every
year. STEM-related subjects and courses
across the country have advanced, and have
been refined, over the years. However, they
still leave much to be desired, especially at
the school education level.

National Curriculum Framework (or NCF) 2005
highlighted the importance of learning coding
and computing. It spoke of the problem-
solving strategies arising from computing and
emphasized the place occupied by computers
in the modern world. It acknowledged that
bridging the digital divide in the country had
to be prioritized before young learners around
the country could be encouraged to learn
coding and computing.
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The pandemic further highlighted the need to
bridge the digital divide. This has accelerated
efforts by both government and private
organizations to work towards bridging the
gap. States like Delhi, Punjab and Pondicherry
now claim to have computers and internet

in more than 90% of their schools. This

has created the potential to introduce a
comprehensive coding and computing
curriculum when ready.

NCF 2005 was also thoughtful in its approach
in that it explicitly called out the difference
between ICT and CS, while also stating that
both had their place in school education.

To use an analogy, while ICT is learning how
to drive a car, CS is understanding how a

car is built. In our experience of working

with education departments and teachers
across the country, we found that there is

a tendency to use ICT, computer literacy,
coding, programming and computing
interchangeably. Most curricula across states
seem to lay emphasis on computer literacy
and some programming for higher grades.
Unfortunately, there is very little focus on
other aspects of computing and computer
science.

The latest NCF (2023) does not seem to
build on the thoughtful vision laid by NCF,
2005. Instead, it promotes technology only
as a means to increase access to online
resources, create localized content and
potentially track learning achievements. The
focus, therefore, seems more on students
being competent but passive consumers

of digital technologies rather than active,
innovative creators.

Developing an understanding of CS and using
technologies to solve real-world problems

is key to economic and social change. There
are many options for those who can afford
private, expensive courses on coding and
programming. However, for the underserved,
low-resourced communities whose children
study in government schools across the
country, the options are limited.
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The importance of learning computing is
increasingly apparent. Even the renowned
physicist Stephen Hawking recognized this
when he said, “Whether you want to uncover
the secrets of the universe, or you just want
to pursue a career in the 21st century, basic
computer programming is an essential skill to
learn”.

Apparent apathy from policymakers and
their failure to think deeply about the skills
required for children in the future has
resulted in a lack of opportunities for children
to learn these critical skills. As demand
grows for graduates qualified in computer
science, Al, and related fields (e.g., data
science), there exists a current and pressing
need to provide young people in India with
opportunities to develop coding skills and to
harness computing to tackle the problems
of the future. Through our partnership

work across India, we hope to advance this
mission.
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Opinion

Computational thinking in India

Aswin Jayakumar

Introduction

he Report of the Education
TCommission1 of 1966, commonly

referred to as the Kothari Commission
report, opens with the profound statement,
“The destiny of India is being shaped in her
classrooms.” Six decades later, the report
continues to hold relevance. It once inspired
independent India’s first Education Policy,
emphasizing the need for a science and
technology-based education system to uplift
the nation economically and socially.

Today, the world stands at the forefront of
advancements in digital technology, including
artificial intelligence, big data analytics,
blockchain, and quantum computing. Once
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again, the future of the country hinges on its
education system. National Education Policy
(NEP) of 2020, India’s first education policy of
the 215t Century, aspires to instill a scientific
temper in its students, in accordance with
the Constitution of India, and to synthesize

a system of education shaped by global
technological advancements?. The objective
is to create a workforce capable of thinking
critically and solving problems independently.

Among the skills deemed essential by the
NEP for students to thrive as capable,
“innovative, adaptable, and productive human
beings in today’s rapidly changing world,” the
inclusion of Computational Thinking (CT) has
sparked curiosity among the academic and
technology communities. NEP 2020 mentions
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Children working with computers in intervention schools of the nonprofit Universe Simplified Foundation
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CT twice, alongside skills like coding, digital
literacy, and mathematical thinking, reflecting
India’s aspirations of becoming a global
digital superpower. With the Information
Technology (IT) sector set to increase its
contribution to India’s GDP from 7% in FY22
to 10% in FY2583, the emphasis on CT signifies
its relevance beyond just a careerin IT.

CT is a problem-solving technique that
mimics the processes involved in computer
programming to obtain results beneficial for
both humans and computers®. This technique
equips students with pattern recognition,
attention to detail, problem decomposition,
and algorithmic thinking, enhancing their
capacity to be inquisitive and independent
learners. It is important to note that CT is
not limited to students pursuing careers in
Information Technology.

This article will not delve further into the
definition and theoretical understanding of
CT. Instead, the focus will shift to how CT

is being integrated into India’s schools and
is benefiting students. While governmental
efforts to advance the NEP’s vision will be
highlighted, notable contributions from

the non-governmental sector to the public
education system will also be considered.

At the policy level

Computational Thinking made its way into
India’s education policy for the first time in
the Draft National Education Policy, 2019
(DNEP). It is noteworthy that CT is mentioned
five times in the DNEP compared to two
times in the NEP. The draft policy dedicated
a separate section for Digital Literacy and
Computational Thinking?®, recognizing CT

as a fundamental skill in the digital age. It
proposed the development of advanced-
level curricula for CT and programming, with
the National Curriculum Framework (NCF)
responsible for defining the appropriate
learning outcomes to be offered as courses
in upper primary and secondary classrooms.
Although NEP 2020 did not delve into the
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level of detail regarding CT seen in the DNEP,
we see that the draft NCF has incorporated
suggestions from the DNEP. Released

in April 2023, the draft NCF for School
Education has recognized CT as one of the
capacities that mathematics education
should foster in students®. The framework
meticulously describes the curricular goals
and competencies required to develop CT
at the Preparatory Stage, Middle Stage, and
Secondary Stage in Mathematics.

Samagra Shiksha, launched in 2018

as a centrally sponsored scheme that
amalgamated the Sarva Shiksha Abhiyan
(SSA), Rashtriya Madhyamik Shiksha Abhiyan
(RMSA) and Teacher Education (TE) schemes,
has been redesigned to align with the tenets
of the NEP. As the largest centrally sponsored
scheme in education, Samagra Shiksha is
slated to play a crucial role in realizing the
vision of NEP 2020. The Samagra Shiksha
implementation framework’, introduced in
October 2022, places increased emphasis

on CT and mathematics throughout

the schooling years, starting from the
foundational stage. The framework proposes
the integration of CT education with the
Rashtriya Avishkar Abhiyan (RAA), a scheme
initiated in 2015 by the late Dr A. P. J. Abdul
Kalam, Former President of India, which
aimed at inspiring children between the

ages of 6 and 18 years to learn science,
mathematics and technology.

Atal Innovation Mission, another government
initiative, aims to foster CT among young
Indians. The mission is the flagship program
of NITI Aayog. It promotes innovation and
entrepreneurship. According to data from NITI
Aayog, 10,000 Atal Tinkering Laboratories
(ATL) have been established across 35 states
and union territories of the country, as part

of the mission®. A separate module within the
ATL curriculum is dedicated to CT, highlighting
its significance to the program®. The

module covers topics such as introduction

to CT, understanding circuits, flowcharts,
algorithms, sensors, actuators and coding. To
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strengthen the effectiveness of the mission,
NITI Aayog launched ATL Sarthi in March
2023. It is a self-monitoring framework for
ATLs. It aims at enhancing their performance
and promoting inter-ATL collaboration
through the development of ATL clusters.

Implementation of computational thinking

Several states in India have initiated efforts
to introduce computational thinking in
schools, primarily through partnerships
with civil society organizations (CSOs),
universities, and Information Technology (IT)
firms. It is likely that the launch of NEP 2020
has sparked these initiatives in the field of CT
from the state machinery. Then again, there
have been states like Andhra Pradesh and
Tamil Nadu that recognized the significance
of CT several years prior to the introduction
of NEP 2020, formulating policies aimed at
nurturing digital skills.

These state governments’ partnerships with
stakeholders have yielded positive results

in the areas of curriculum development,
establishment of model labs, training
programs for teachers, and integration of CT
principles into subjects such as mathematics
and Information and Communication
Technology (ICT). These efforts reflect a
nationwide commitment to prepare students
for the digital age and align with the vision
outlined in NEP 2020.

a) Under the umbrella of Samagra
Shiksha

With Samagra Shiksha playing a pivotal role
in implementing the NEP, the administrative
body of the scheme has actively sought
collaborations to propagate CT across various
regions of the country. For example, in the
union territory of Jammu and Kashmir (J&K),
a cooperative endeavor involving Samagra
Shiksha, Pi Jam Foundation, Jammu and
Kashmir Knowledge Network (JKKN), DIKSHA,
and UNICEF resulted in the creation of Let’s
Code, a free course for students to learn
computer science and explore computational
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thinking'®. The course was made available
on the DIKSHA platform for students and
teachers, with an option for hands-on
coding using the Code Mitra app developed
by PiJam. The curriculum, developed by Pi
Jam Foundation with inputs from Samagra
Shiksha, JKKN, DIKSHA, and UNICEF strives
for inclusivity and cultural relevance,
particularly for the female students in J&K.

Similarly, in Gujarat, Samagra Shiksha and
Gujarat Council of School Education (GCSE)
joined forces with Tata Consultancy Services
(TCS) to introduce the latter’s CSR initiatives
like “go-IT” and “Ignite My Future” across
the state. The partnership is geared towards
providing training in contemporary digital
skills, including CT and design thinking, to
students and educators™.

In the state of Maharashtra, Samagra Shiksha
Maharashtra, Maharashtra Department

of School Education (MDSE), and Pi Jam
Foundation have collaborated to instill 21st
century digital skills in school-going students
across 16 districts. This has resulted in the
training of 5,000 teachers in digital skills

and the establishment of over 100 model
labs, implementing a culturally sensitive
curriculum designed to empower 500,000
students with computational thinking and
problem-solving abilities’.

b) Collaborative ventures with the IT Sector

As some of the previous instances have
shown, state governments have increasingly
turned to collaborations with the IT sector to
spearhead programs in digital literacy and
computing education. In Uttar Pradesh, the
state government has partnered with HCL
Foundation and TCS to educate students
and teachers in CT. In 2022, TCS signed a
Memorandum of Understanding with the
Social Welfare Department of Uttar Pradesh
to introduce logical thinking, computational
thinking, and STEM-oriented teaching in
department-run schools. HCL Foundation
has collaborated with the state’s Education
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Department to pilot a computing education
program in 26 schools in Hardoi district. Its
success has led the government to expand it
to more upper primary schools in the state’.

In Nagaland, the state’s School Education
Department has partnered with IBM India

to introduce digital learning in over 250
secondary and higher secondary schools.

The three-year collaboration aims to impact
12,000 female students through the “IBM
STEM for Girls” program, an initiative by

IBM India to promote education and career
opportunities for girls. Additionally, non-profit
organizations Quest Alliance and Youth Net
have also signed on to this collaboration

as implementation partners, tasked with
training 1,400 teachers in instructional
practices related to computational thinking.

Government of Odisha (GoO) has embarked
on a venture with the International Institute
of Information Technology (I1IT) Bengaluru,
Microsoft India, and Vision Empower to
implement the “Computational Thinking for
Visually Impaired (VICT)” project in all the
blind schools in the state. The project’s goal
was to enhance visually impaired children’s
access to science, mathematics and CT.
The project’s success led to its expansion
to 100 schools across nine states in India'®.
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Furthermore, in June 2021, GoO launched
IBM India’s “IBM STEM for Girls” program

in 258 schools in the state targeting the
development of master-trainers to enhance
teacher capacity and align the state
curriculum with the digital learning goals set
by NEP 2020'S.

In 2018, Andhra Pradesh Department of
Social Welfare adopted the curriculum of
CSpathshala, an initiative of Association
for Computing Machinery India (ACM India),
in 188 residential schools. Additionally,
427 schools, part of the APSWREIS (Andhra
Pradesh Social Welfare Residential
Educational Institutions Society) network,
embraced the CSpathshala curriculum,
benefiting nearly 200,000 children. APWREIS’
schools are part of a government initiative
aimed at providing quality education

to children of socially disadvantaged
communities™.

Moreover, Andhra Pradesh State Skill
Development Corporation (APSSDC) has
engaged in collaborations with industry
leaders like Tally, Zoho, Amazon Web services,
NSE Academy, InstaEMI, and Coursera to
bring computational thinking and related 215t
Century digital skills to school students™®.

Children working with computers in intervention schools of the nonprofit Universe Simplified Foundation
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c) Initiatives led by State Councils for
Education Research and Training (SCERT)

State SCERTs have devised plans to
incorporate CT in the state curriculum.
Many states are in the process of crafting
the State Curriculum Framework (SCF), with
CT identified as a crucial component to be
included.

SCERT Haryana conducted training for
government school students, teachers and
ATL instructors in mathematics education
and computational thinking in 2022.

SCERT Haryana, in collaboration with state
representatives from the Technical Education
Department and the Deputy Commissioner
of Gurgaon, met with consultancy firms in
Gurgaon to explore the establishment of an
institute for emerging technologies, offering
professional training in areas aligned with
NEP 2020, including artificial intelligence,
big data and blockchain'®. Haryana State
Higher Education Council has also prepared
a “Ready Reckoner” on the NEP in 2020 to
guide policy implementation, with a specific
emphasis on incorporating Mathematics and
CT into the state’s educational goals®.

Delhi’s SCERT has introduced a revised
curriculum for ICT education in classes

6-8, inspired by NEP 2020. The curriculum
identifies CT as a core competency for
students, featuring topics such as algorithm
design and programming using Scratch,

a free coding tool developed at MIT Media
Lab?'. Similarly, Goa’s SCERT revised its ICT
curriculum to encompass CT and 215t century
digital skills??.

Kerala SCERT, in 2022, included a dedicated
chapter on mathematics and CT in a
discussion note. It sought public opinion on
the development of the State Curriculum
Framework, highlighting its significance in
the forthcoming state curriculum?.

Tamil Nadu’s SCERT partnered with
CSpathshala to introduce digital learning and
an advanced computing curriculum to the
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state schools. The unplugged CT curriculum
by CS Pathshala became part of the
mathematics curriculum in 30,000 schools in
Tamil Nadu, starting in 2018%.

d) Digital education within state startup
initiatives

Some states have recognized the synergy
between digital education and startup
initiatives, capitalizing on the growing
support for IT-based startup organizations
nationwide. This approach benefits
governments by leveraging IT firms’ interest
in supporting programs, viewing it as an
investment in cultivating a technologically
proficient workforce for the future.

“iStart Rajasthan” is the flagship initiative
of Government of Rajasthan (GoR), designed
to create a startup ecosystem and promote
entrepreneurship. Under this initiative,

the government has established “Techno
Hubs” housing tinkering labs to nurture
adaptive learning and CT among young
entrepreneurs?. GoR also aims to instill an
entrepreneurial mindset in school students
through the “iStart School Startup” program.

Gujarat’s Department of Education launched
the “Student Startup and Innovation

Policy (SSIP)” in 2017, followed by “SSIP
2.0”inJanuary 2022, further promoting
entrepreneurship and innovation among
students. “Innovation and Entrepreneurship
Hubs (i-Hubs)” have been established as
futuristic, advanced technology labs to create
an environment of innovation in Gujarat, to
nurture young entrepreneurs and foster an
environment of innovation in the state®.

Kerala Startup Mission, the state
government’s nodal agency for
entrepreneurship and incubation, distributed
50,000 electronic kits to schools to foster
innovation and digital thinking among
students. The “Kerala Infrastructure and
Technology in Education (KITE)” initiative, a
government-led effort, aims to bring digital
education to government-run and aided
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Some personal reflections

Years ago, during my time as a software developer, my primary focus was on the
development of mobile applications intended for deployment on handheld portable
devices. These applications were designed to assist agents in various settings, such as
airports, shopping malls and restaurants. As with all software, reducing bugs was of
paramount importance. However, the significance of the environments the applications
operated in required them to conserve device memory and battery power and maintain
stability. This required intensive code optimization, typically performed at the end of the
development stage.

During the optimization process, developers engage in constant scanning of large

code segments, breaking down complex portions, and reorganizing them to enhance
algorithms and improve the application’s speed and efficiency. Over time, programmers
perform this constantly and consistently, developing a penchant for recognizing patterns
and straightening knots in the code. The skill allows them to be programming language
agnostic, reducing their learning curve when encountering new ones.

Extracting this philosophy outside the world of computers and imparting it to students is a
complex task. However, achieving this opens a world of possibilities, empowering children
to utilize this way of thinking to amplify their problem-solving abilities in various domains.
To me, this is the core of computational thinking. While strongly associated with software

programming, this skill has the potential to extend its applications to numerous fields

beyond computers.

schools in the state, focusing on improving
the quality of digital education through ICT,
providing guidance to the government, and
enabling private sector participation?.

e) Partnerships with CSOs

Several CSOs have taken the initiative to
engage with school students on digital
literacy, CT, algorithmic thinking, and related
topics. Some state governments have
collaborated with these organizations to
introduce digital education in their states.

As seen in Maharashtra, the state
government engaged with Pi Jam Foundation
to introduce 215t century digital skills through
training and a tailored curriculum in schools.
The collaboration led to initiatives like
coding and Al themed Summer Camps, and
Maker’s Factory. At Maker’s Factory 2023,
over 150 students from partner schools

in the state showcased innovative digital
prototypes based on their learnings from the

previous year. PiJam Foundation has also
initiated a project supported by Capgemini,
to partner with select local governments in
Maharashtra, initiating digital education in
their schools?.

In Karnataka, the Rural Development and
Panchayat Raj (RDPR) Department partnered
with Yuva Chintana Foundation to launch

the STEAM Education Program in 70 Gram
Panchayat libraries in Yadgir and Koppal
districts. This program offers hands-on and
interactive learning experiences to foster
higher-order thinking, CT, and problem-
solving skills among young minds.

The program also aims to transform
panchayat libraries into digital age learning
centers staffed with competent instructors
and equipped with advanced learning
materials. Government schools in the
districts are expected to collaborate with
these panchayat libraries to enhance the
program’s effectiveness®.
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The School & Mass Education Department of
Government of Odisha (GoO) partnered with
Quest Alliance in 2020 to equip students with
21stcentury skills like digital fluency, CT and
coding. The partnership has impacted 2,200
government high schools, benefiting 4,400
teachers and 300,000 students®.

In Delhi, the government collaborated with
She Codes Foundation, to teach coding, CT
and logical reasoning to 1,000 sixth-grade girl
children from government schools?'.

f) Government schemes and programs

Government of Goa (GoG) introduced the
Coding and Robotics Education in School
(CARES) scheme in May 2021. It targets
government and government-aided high
schools in the state, supplementing the
existing syllabus with computational and
design thinking skills, along with coding. A
dedicated project management unit (PMU)
oversees the scheme’s implementation

and is authorized to form Memoranda of
Understanding with research institutes
and technology industry leaders. GoG plans
to establish training centers and research
laboratories in each taluka across the state
under the scheme. Lead schools in the state
are designated to host robotics labs and
deliver the CARES curriculum?2.

In collaboration with Amrita University,
Government of Andhra Pradesh launched

the “ASPIRE-TTT (Andhra Pradesh Schools
Program Innovation for Research &
Excellence — Train the Trainer)” program in
2016. ASPIRE selects and trains mentors to
conduct workshops for 12,000 students in 40
schools in the state. It covers topics such as
computational thinking, robotics, life skills,
virtual reality, and cyber security®:.

In December 2022, Rajasthan Council of
Secondary Education (RCSE) invited bids
for supply, installation and commissioning
of robotics lab in 300 government schools
to promote ideation, design thinking, and
computational thinking®:.
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Other initiatives

CSpathshala, an initiative of Association for
Computing Machinery (ACM), was established
in 2016 with the objective of introducing
computing as a fundamental science in
schools. The organization has developed a
well-designed CT curriculum and introduced
itin schools across various states, along

with relevant teaching aids. In 2018, the
curriculum was piloted in more than 175
government and private schools in the states
of Andhra Pradesh, Chandigarh, Delhi, Goa,
Gujarat, Karnataka, Kerala, Maharashtra,
Tamil Nadu, Uttar Pradesh and West Bengal.
It benefited over 100,000 students®* during its
initial phase. The numbers grew to 400,000
students in 1,500 schools by 20223,

In addition to curriculum delivery,
CSpathshala provides comprehensive
orientation and training sessions focused on
computational thinking and digital literacy.
The beneficiaries of these sessions include
state officials, officials from the SCERT, B.Ed.
students, and teachers.

CSpathshala’s expertise earned them
recognition from National Council of
Educational Research and Training (NCERT),
leading to their active involvement in
shaping the computer science curriculum

for Grades Xl and XIl. The organization also
played a pivotal role in offering insights

to the education policy committee,
emphasizing the significance of including
computational thinking in India’s educational
framework. This culminated in some of the
recommendations being incorporated into the
DNEP.

In 2021, CSpathshala organized the Bebras
India Computational Thinking Challenge for
students and the Computational Thinking in
Schools conference (CTiS) for teachers. The
events saw substantial participation from
both the student and teachers’ communities
and reflected CSpathshala’s commitment
to increase dialogue around computational
thinking.
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IBM India and CBSE (Central Board of
Secondary Education) announced a
partnership in 2019 to integrate an Al
curriculum into grades Xl and XlIl. The
curriculum encompasses modules focused
on knowledge, skills and values in Artificial
Intelligence, with a strong emphasis on
computational thinking. The curriculum,
jointly developed by IBM India, CBSE,
Australia’s Macquarie University, Learning
Links Foundation, and 1TM1B, ultimately
impacted over 5,000 students and 1,000
teachers across India.

Additionally, IBM and CBSE initiated the IBM
EdTech Youth Challenge, a program designed
to inspire students to leverage emerging
digital technologies like Al and blockchain for
the betterment of society. The partnership
also gave rise to the ‘Al for Better India’
hackathon, where participating students
were mentored by expert IBM mentors to
ideate, develop and implement solutions
harnessing the power of Al*".

HT Codeathon, an initiative by Hindustan
Times in collaboration with IT industry
leaders like Acer and Intel, serves as a
platform for children to learn and showcase
their coding skills, while developing
attributes like emotional intelligence,
computational thinking, creativity and
design. The program has established
partnerships with the governments of Delhi
and Chhattisgarh to introduce its learning
modules in state schools®®. In Delhi, the
initiative has impacted 13,461 students from
1,000 government schools providing them
with coding and programming skills aimed at
developing CT and algorithmic intelligence.

Conclusion

The integration of CT into India’s education
system is a crucial step toward preparing
students for the digital era. Several states
in India have embraced the vision of NEP
2020 and are implementing CT initiatives
in collaboration with various stakeholders.
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Through these partnerships and programs,
students in India are being equipped with
21 century digital skills and empowered

to become innovative and adaptable. The
journey to fully integrate CT into education is
ongoing. However, it holds immense potential
for shaping India’s future. This transformative
endeavor is still in its infancy. It requires
further effort from associated stakeholders
to achieve NEP’s aspirations and set the
stage for a technologically advanced and
progressive nation.
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Paper, scissors, code

A creative and affordable approach to learning

computational thinking

Krithik Ranjan

Thinking like a computer (scientist)

eanette Wing defined Computational
Thinking in her 2006 essay (Wing,

2006) as “solving problems, designing
systems, and understanding human behavior,
by drawing on the concepts fundamental to
Computer Science”. This process of “thinking
like a computer scientist” involves skills like
algorithmic thinking or thinking procedurally
in steps. It also involves deconstruction or
breaking a problem down into small steps.
Abstraction, or recognizing and generalizing
patterns, is also an important part of
computational thinking. So is debugging,
which involves identifying and removing
issues.

These skills are not only useful for computer
programming but also for real-life problem-
solving and other activities. Studies have
shown that even very young children can
grasp such concepts (Strawhacker, 2019).
Early exposure to computational thinking
(CT) can also improve a child’s self-efficacy
toward STEM (Science, Technology,
Engineering and Mathematics) fields in the
future (Ching, 2018).

Given the technological age we live in, CT
has been identified as a fundamental skill
that students should learn. India’s National
Education Policy 2020 has also increased
the focus on CT in school curriculum through
puzzles, games and coding (MHRD, 2020).
Over the last couple of decades, a whole
range of tools, kits and methods have been
introduced in both academia and industry to
promote and evaluate CT learning in students
of all ages. However, what does it mean to
learn CT?

There is no single, universally accepted
definition and implementation of CT in
curriculum. However, researchers have
developed a few different frameworks to
facilitate the development of CT learning
tools and assessment techniques. One of the
more popular frameworks was introduced

by Karen Brennan and Mitchell Resnick
(Brennan, 2012). This framework interprets CT
along the three dimensions of computational
concepts, computational practices, and
computational perspectives.

Computational concepts are concrete
concepts one learns when they program.
These include sequences, loops, parallelism,
events, conditionals, operators and data.
Computational practices focus on the
process of thinking and learning. These
involves being incremental and iterative,
testing and debugging, reusing and remixing,
and abstracting and modularizing. Finally,
computational perspectives explore the
place technology and computing hold in

the learner’s life, like being able to express,
connect and question through computing.

Learning computational thinking by making

In education research, it has long been
believed that children learn effectively by
designing and building things. Jean Piaget
developed the theory of constructivism,
arguing that information is not transferred
directly from the teacher to the student.
Rather, learning involves the construction of
concepts in each student’s mind. Therefore,
an educator should not simply disseminate
knowledge, but create an environment
supporting the development of students’ own
mental models.
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Seymour Papert further built upon this idea
and defined constructionism, describing how
building real, physical artifacts can make the
learning process even more effective. These
ideas of constructivism and constructionism
have been the guiding principles for the
development of CT learning methods and
interventions. Researchers and educators
have devised toys, tools and kits that enable
students to learn CT by creating with CT.

One of the earliest approaches used to
promote CT among students was LOGO
programming language. This was developed
by Papert. It enables learners to create
graphics by giving commands to move a
turtle on their screen (Papert, 2020). In
recent years, Scratch (Resnick, 2009) and
ScratchJr (Flannery, 2013) have been two
popular block-based graphical programming
environments for children. These helps create
games and interactive animations on the web
or with apps. These graphical programming
interfaces provide a low technical barrier

for learners by removing the need to learn
complex code syntax.

However, these are limited to on-screen
interaction. These are, therefore, less
effective and engaging in settings where not
every student has their own computer (Horn,
2007). In contrast, tangible programming
tools enable multiple students to collaborate
using a physical computational interface.
Here physical objects represent programming
concepts. These can be electronic robotic
toys like Cubetto that children can program
using tangible blocks. Alternatively, these
may be non-electronic passive learning tools
like board games (e.g., Robot Turtles).

Opinion

Computing without computers

The cost and resources needed for both
graphical and tangible CT tools make

them less accessible for educational
settings. These are especially infeasible for
economically disadvantaged schools and
communities, which may lack resources to
maintain adequate computer laboratories.

In India, only 45% of the schools provide
functional computers to their students
(UDISE, 2022). Even schools that have
computers, only provide limited and shared
access to each student.

In our work at ATLAS Institute’s ACME Lab at
University of Colorado Boulder (CU Boulder),
we have been exploring paper programming
as an alternative to traditional CT learning
interfaces. Paper programming leverages
everyday materials like paper or cardboard,
and computer vision algorithms, to offer an
affordable and effective learning experience.

These systems are often mobile-based,
which further reduces cost, as groups

of students in classrooms can work on
these paper programming activities with a
shared smartphone. The domain of paper
programming is still growing. Existing tools
have shown promise in terms of learning and
engagement.

The Kart-ON project (Sabuncuoglu,

2022) offers a paper-based programming
interface for creative coding applications
using p5.js, which is a beginner-friendly
Javascript platform for creating graphical
and interactive visuals. Students use
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Paper programming interfaces: (A) Kart-ON, (B) Code Bits, and (C) Roberto.
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programming cards for various functions

and take a picture of the physical program

to view the result on the phone. Roberto
(Horn, 2013) takes a storybook approach in
which readers can create their own animated
stories by adhering code stickers to the book
and scanning them to watch the animated
character. Code Bits (Goyal, 2016) teaches CT
concepts through an Augmented Reality (AR)
app using a paper interface.

Paper-based animation with Cartoonimator

Building on this paper programming
paradigm, we developed Cartoonimator,
which is a low-cost paper programming kit
that engages children with computational
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Creating an animation with Cartoonimator.
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thinking through animations. Cartoonimator
enables children to create animations from
drawings or illustrations on paper, while
learning CT concepts and engaging in CT
practices. The Cartoonimator kit consists of
paper printed with computer vision markers,
and a simple smartphone app to capture
frames and view the animation. The paper
component of the kit consists of scene
sheets for the background of the animation,
and sprite card templates for the characters.
Children can either draw on these sheets,

or the instructors can provide pre-printed
backgrounds and characters.

Cartoonimator features a technique called
keyframing in which animators specify
starting and ending points (keyframes) of a
smooth transition. The software interpolates
between them to create a complete
animation. To create an animation with
Cartoonimator, a child can place the sprite
cards on top of the scene sheets to specify
and capture different keyframes of the
animation using the app.

An animation consists of multiple scenes.
Each scene can have many keyframes with
multiple characters. Children can move,
rotate or even modify sprites over successive
keyframes to progress the animation. After
capturing a few scenes and keyframes, the
child can play their created animation and
download it to share with others.

Cartoonimator is open-sourced and publicly
available. We encourage readers to try it out.
The website includes the print templates, a
link to the web app, and a set of instructions
to create animations with Cartoonimator. We
have deployed Cartoonimator with children
between the ages of 6-12 in various informal
settings and found it to be an engaging

and enjoyable kit for children’s creative
exploration and CT learning. Our work on
Cartoonimator and its deploymentisin
progress, and we hope this kit can be a step
toward making computing education more
accessible.
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Children creating animations with paper using Cartoonimator.
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Happily bridging the computational

thinking divide

Supriya Dey and Vaishnavi Gupta

‘ | see 10!” shouted Izin Jobins in an online
Computational Thinking game session
organized by Vision Empower and stole

the hearts of the entire online audience at
the Computational Thinking in Schools (CTiS)
2021 conference! They may have clapped
from the confinement of their homes for this
victorious little wizard, who convincingly
won “l see 10” albeit without eyesight from a
remote village in Kerala.

The T in STEM - unplugged

But you may wonder why we decided on
games, and what do games have to do with
computational thinking (CT) at all, especially
for children with visual impairment.

The Vision Empower (VE) team works to make
STEM education accessible for children

with visual impairment by addressing the
fundamental challenges of lack of accessible
content, inadequate capacity among existing
teachers of science and math at special
schools and the lack of affordable assistive
technology. In a digital age infused with
electronic computing devices and software
platforms, CT skills are seen as critical

for everyone, and not only for computer
scientists.

Jeannette Wing suggests that in addition

to learning reading, writing and arithmetic,
we should add CT to every child’s analytical
ability (Wing, 2006). Among other skills, CT
entails thinking logically, recognizing patterns
and abstractions, and understanding how

to systematically decompose a problem

and then compose an algorithmic solution.
Wing argued that those in possession of
computational competencies will be better
positioned to understand and take advantage
of a world with ubiquitous computing.

CT as a curricular topic

Computational Thinking made its way

into selected Indian schools in 2016 when
Association for Computing Machinery (ACM)
India started CSpathshala, an educational
initiative to introduce CT into formal school
curricula in K-12 education and a vision to
teach computing as a science to every child
in every school in India by 2030. However, the
visual treatment of the curriculum meant that
the numerous CT lessons created through
crowdsourcing from teachers were not
accessible enough for children with visual
impairment.

While CT was already being considered a
mainstream requirement for sighted children
at schools, the designers were oblivious

of the needs of 1.1 million children with
visual impairment in the country attending
special schools for the blind. For decades,
the students and their teachers remained
unaware about Computer Science studies or
the importance of problem-solving skills.

The journey of making CT accessible

The CT divide was observed by the VE team in
the special schools for the blind during the
pilot of accessible math pedagogies in middle
school. The team began a research initiative
on methods to bridge this gap, using tactile
methods such as modifying playing cards or
using pebbles of different shapes and sizes.
The CSpathshala syllabus created by experts,
is based on the four principles of CT — viz.,
decomposition, pattern recognition and
generalization, algorithms, and programming.

These principles were applied to the
learning areas obtained by combining the
guidelines from the Foundations of Number
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Sense (FONS) framework and the Indian

NCF 2005 for Math and Computation. We
created accessible CT learning modules on -
Systematic listing; Counting and reasoning;
Iterative patterns and processes; Information
Processing (Data); Discrete Mathematical
Modeling; Following and Devising Algorithms
and Programming; and Digital literacy.

We launched Project VICT (Computational
Thinking for persons with Visual Impairment)
to make this curriculum accessible using the
Ludic design for Accessibility (LDA) approach
and thus initiated the students with visual
impairment in India into CT early enough to
equip them to participate in the digital age.
LDA is based on the premise that play and
playfulness are central to what makes us
human. Play forms an important foundation
for the development of skills in all children.
Unfortunately, for infants and children with
disabilities, real play may be absent or
diminished due to accessibility concerns.

It has been pointed out that children with
disabilities have a higher chance of being left
out of play while they grow up, which may
have serious implications on the cognitive
development of the children (Swaminathan
& Pal, 2018). Any ludic-designed artefact

or activity must have five (5) attributes. The
activity should be performed on free will;
the player should gain no material incentive
by playing it; it should be an activity that

is within its specific boundaries of space
and time; it should be an activity that
promotes the formation of social groupings;
and it should be capable of delivering the
intended side-effect such as a particular
skill or learning to the end user (for more
information, please see here).

Playing the way to CT despite challenges

Recognizing the importance of ensuring that
the methods result in learning outcomes
which are easily comparable to proven
pedagogical approaches, especially for
numeracy in K-4, a rubric of Learning Areas
and Learning Indicators were created for
each game. We then focused on creating

Reflection

various games and tactile play kits which can
be played remotely with minimal material
requirements, available in all schools and
homes. The VE team started by conducting
weekly play sessions with children at the
special schools. In 2019, we introduced

the Torino tactile programming tool from
Microsoft Cambridge as a pilot in Bengaluru.
We were delighted to observe the joy in
children with visual impairments playing
their way to creative problem solving (Gesu
et al 2020). The tool is now launched by
Humanware as Codejumper.

However, the Covid-19 pandemic brought
in new challenges as the schools were shut
down and the children went back home. This
led to the birth of a hybrid LDA approach
where the VE coordinators got on phone
calls with the children to conduct the play
sessions while simultaneously training the
teachers. After three years of continuous
engagement with some children, the VE
school coordinators and teachers in the
schools shared that they have started to
notice improvement in children in terms of
their understanding on the fundamental
concepts of numeracy, interest generation
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omputational Thinking on its head.
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approach, VE introduces

Snapshots of the VICT page to highlight the different learning areas and learning indicators of CT. In addition to Subodha

CT Courses.

and ability to solve problems in math through
the various games they play as part of their
VICT sessions, without increasing their
cognitive load.

Changes ushered

Eight state governments have endorsed
Project VICT. Teachers in special schools

in 14 states have shown great interest in

this pedagogic approach. VE was tasked

by Government of Odisha (GoO) to create a
Disability Innovation & Experience Centre
based at Integrated Infrastructure Complex
(I1IC), Khudupur Experience zone at IIC
(Inclusive | Center) for students and teachers.
It is a space to showcase all the interventions
and create programs to generate awareness
and possibilities of inclusion in STEM
education in general and CT in particular.

Having been continuously trained through
VE’s flagship Pragya teacher training
program, teachers in these special schools
are now equipped to conduct play sessions
with children effectively, while helping them
grasp the learning areas each game targets.

VE has been engaging with the broader
CSpathshala community of practice of
CT since 2021 and demonstrated the
possibilities of inclusion in CT. It has also

conducted workshops on inclusion in the
pedagogy of CT, to the delight of hundreds of
teachers from mainstream schools, faculty
members from leading universities and
industry experts at the CT in Schools (CTiS)
national conference conducted by ACM India.

While capabilities of children with visual
impairment were showcased by VE in CTiS
2021 along with an online participatory
workshop demonstrating the “player” role
of the teacher, VE conducted the Tactile
and Accessible Computational Thinking
(TACT) grand challenge in 2022 with entries
from multiple universities and corporates.
A compendium of tactile games has been
curated with the ten winning entries.

There was a leap in the journey of inclusion
in STEM education overall, when other than
two abstracts from VE, six paper abstracts
were submitted by 13 teachers from special
schools across India to the CTiS 2023
conference. Eight teachers were selected
as finalists. They presented their first ever
academic paper at a national conference, a
moment of glory for inclusive education.

Reminiscing the CT journey, VE’s Educational
Coordinator Rajeswari shares, “| started
conducting offline sessions with children
since Jan 2022. When | look back, | notice the
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progress in children in their communication,
in their expression and comprehension,
socializing skills and being sportive while
playing. Their enthusiasm and joy in
participation is palpable. | can also feel that
they are learning while playing, which is the
objective of Project VICT.”

Project VICT is on the path of continuous
improvement. Baselining assessments have
been designed after rigorous secondary

and primary research. These assessments
are being conducted in schools across the
country. Game clusters are being created
through identification of dependencies in
basic concepts, to help the children on a
progressive learning trajectory. Besides, a
new TLM on introduction to CT for teachers
has been developed. This has been designed
to help them understand the application

of the games in the learning process. Our
research suggests that the foundational CT
concepts may be introduced to children as a
part of an inclusive math curriculum to avoid
cognitive overload and optimal utilization of
school time.
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Voices from the ground

Heera Basnet

Manisha Sakore, government schoolteacher,
Late Appasaheb Dagadu Jadhav Primary
School, Jail Wasahat, Pune

oday, children learn computer science

with great interest. It is a need of the

hour. Nowadays, every home uses
technology in different forms.

Even in schools, computer science (CS)
education is a very popular subject for
students. It is relatively new. Students
love learning it, as it gives them space
for imagination and pushes them to think
critically.

After receiving CS lessons, | have witnessed a
shift in how students think. They have started
thinking critically about problems, coming

up with multiple solutions and selecting the
best solution. They solve problems by relating
them to daily life incidents.

In practical education, what we do daily

is very useful for computer education. For
example, the concept of sequence means
that things are done step by step. If we

use instances from everyday life, students
understand computational concepts better.
Programming language is similar. Students
learn how improper sequencing can lead to
errors or different outcomes.

Anjali Javale, government schoolteacher,
Late Appasaheb Dagadu Jadhav Primary
School, Jail Wasahat, Pune

Computer science is my favourite subject.
| enjoy exploring and staying updated
with new developments. | was very open
to learning about Scratch when it was
introduced. | wanted to explore what
more we could do with the coding blocks.
| experimented with different blocks and
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shared the experience with my students. The
excitement to learn more about it further
fuelled my interest.

Computer science is a practical subject; it
requires hands-on experience. To achieve
this, it is necessary for both teachers and
students to have access to the learning
resources. Without the right tools, theory
falls short. Ideally, each child should access
a personal computer, laptop, or tab, even if
shared. These tools enable a transformative
experience, crucial in the twenty first
century, where computers are essential for
the next generation.

As teachers, we witness many inspiring
moments in our classrooms. One
memorable occasion was when | introduced
programming to a group of fourth graders.
These young students were enthusiastic
about sports and stories. They loved seeing
the projects | created. When | guided them
in programming on computers, they created
impressive games, and they were fully
engaged with the process. Seeing their
excitement for innovation and creation felt
amazing.

Shridhar Gavhane, government schoolteacher,
Zila Parishad Primary School Nandgaon, Bhor

Getting kids to pay full attention in one place
before teaching algorithmic thinking used

to be quite a challenge. The students in the
class are of different ages and have different
ways of learning. When the classes are not
engaging, some students start losing interest.
But with computational thinking, something
magical happens.

Students started getting involved in the
lessons and enjoyed learning through
animations and dialogues. They are excited to
discover things themselves through computer
science. Previously, students answered
questions directly, but presently, they analyse
questions and seek solutions. They don’t

fear making mistakes and take it as a part of
continuous learning.

Through coding and programming, our goal is
to cultivate a digital mindset among students.
This is where design thinking, facilitated

by coding, comes into play. Design thinking
guides them in identifying the best path
among various solutions. It empowers them
to recognize a more efficient route towards
achieving their objectives.

Heera Basnet works as a Program Manager
at PiJam Foundation in Bengaluru. She

hails from the hills of North-east India. She
believes her work in the development sector
has given her a space to align her passion and
profession, while being a part of the change
she wishes to see in the world.

Email: heera.basnet@thepijam.org
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Interview

Fostering STEM education ensures an
equitable future-ready workforce with
an innovative mindset

Akshay Kashyap and Nirbhay Lumbde, in conversation with Pranjali Pathak and Ruchira

Roy Chowdhury

hen it comes to building the
right ecosystem for good quality
integrated computer science

(CS) education in India, the private sector
— comprising of NGOs and CSR bodies,
among others — has played a pivotal role in
supporting, enhancing and upgrading the
existing infrastructure. It has also helped
increase last mile access to technology
and know-how, especially in the hitherto
untapped rural and economically backward
areas. But more needs to be done.

We chatted with Akshay Kashyap, India Lead,
Amazon Future Engineer (AFE) initiative,
and Nirbhay Lumbde, Head, ESG at CGl,

to get their perspective as leading funding
bodies/partners on what motivates their
decision to support organizations working
to improve CS education in India. We also
discuss their criteria for selection, and
some of the challenges and success stories
that have come to inspire them in working
with programs and foundations focused on
bettering STEM/computing education in
India?

Pranjali Pathak: As funders

and donors, what motivated
your organization to support
initiatives focused on STEM/CS
education?

Akshay Kashyap: Amazon is a company of
innovators and creators. We realize that
computer science has a huge potential

to help shape the careers of the future.

And while we do not generally believe that
everybody needs to be an engineer, we think

knowing computer sciences can help because
any career they choose, can benefit from an
understanding of computer sciences.

We know there is talent everywhere, but
opportunity is not. And we want to use AFE
(Amazon Future Engineer) to bridge that gap
when it comes to computer science. We want
to demystify technology for students, and
make them curious about it. We feel we are
very uniquely positioned to do that because
of our understanding of tech and us being one
of the industry leaders in that space.

We started the AFE (Amazon Future Engineer)
program in 2019 in the US, as one of our

first flagship education initiatives. Our goal

is to support kids from underrepresented
backgrounds in exploring and learning
computer sciences. Another related objective
is to provide the necessary support for those
who want to build their careers in computer
science. We analyzed similar challenges

to solve in India. We realized that in India
there are kids who are getting into computer
science engineering. However, the data is

not diverse in terms of representation of
social strata or how many have access to
computer science education in K-12 systems,
particularly those in the public schools.

Nirbhay Lumbde: Our commitment to STEM
education is deeply rooted in our belief in
technology’s transformative power. | have
always believed that the future of India
hinges on embracing the digital age. By
championing STEM education, | see us not
merely as funders but as catalysts, shaping
the next wave of innovators and leaders who
will spearhead India’s digital journey.
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Ruchira Roy Chowdhury:
What criteria do you consider
when evaluating and choosing
programs or foundations

to support in the CS/STEM
education space?

Akshay Kashyap: More than the organization
we want to support, our focus has been on
what is the problem at hand that we want

to solve. Our leadership philosophy revolves
around obsession with the end user. Our
focus is on students from public schools.

We ask, is this partnership or collaboration
students-centric and how best does it benefit
them? Will our engagement be an enjoyable
experience for students? It’s not just about
learning outcomes, but are they really excited
about learning?

We want to demystify computer sciences
for students and have them interact with
technology in a way they have not had
access to, so far. So, we can bring real world
computer science to students. That is the
center of all our discussions, partnerships

Interview

and funding. Our focus is on supporting the
government school students and make more
learning and growth opportunities available
to those who have the least access to top
industry resources.

In the school-based programs, our
emphasis is on hands-on learning. Also, how
sustainable are our partnerships? Are they
scalable initiatives? Can they be integrated
into a structure that already works, maybe
the school education system, maybe some
other channels that are already reaching out
to students, or can they be integrated, and
we keep increasing the level of support, but
become sustainable in the long run? These
are some of the answers we look for while
looking for good programs to partner with.

We also look at what can we bring to the
table, apart from the funding? How can
Amazon support this partnership or the
initiative through our employees, technology,
resources and infrastructure? For example,
we have organized multiple hackathons in
our office, this year and the last, for children.
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We have what we call class chats, in which
our employees connect to students and talk
about the careers that exist in the future and
tell them about their own journeys.

Nirbhay Lumbde: Our five main criteria
include -

Visionary alignment: Any initiative we
consider must echo our overarching vision
of nurturing a technologically adept and
innovative generation.

Sustainability: We are drawn to programs
with a clear long-term viability and a self-
sustainability roadmap.

Inclusivity: It’s paramount that the initiatives
prioritize inclusivity, and ensure that girls and
marginalized groups aren’t left behind.

Innovative approach: We value programs that
bring fresh, groundbreaking approaches to
STEM education rather than just mirroring
existing models.

Impact metrics: Clear, measurable outcomes
are non-negotiable. We need to see the
change we are creating.

Pranjali Pathak: From an industry/
funder perspective, how do you
believe supporting CS/STEM
education aligns with your
organization’s values and long-
term goals?

Akshay Kashyap: At AFE, our long-term vision
is that every student should have access

to computer science education. Like | said,
we as a company are focused on, almost
obsessed, with the end user and drawing
from the same principle, our focus here is
how we can help the student who comes from
an underserved community with technology
and empowerment through computer
sciences.

This year we have introduced a new
leadership principle that states scalability
and sustainability brings broader

Interview

responsibility. So, Amazon Future Engineers
takes inspiration from the same philosophy.
As a tech company, we are a company of
creators and innovators. We’ve seen, and we
believe in, the power of computer science to
change the world for good. We can contribute
to the community by improving access to
quality CS education. This is very crucial
because computer science will become
essential in some sense or the other to every
career that students pursue.

Everybody equates computer science with
just coding. But the way, for example, we use
technology in our company, in our logistics,

in our sort centers, in the way stuff is getting
delivered to customers, the way you are using
data, to predict what is the right application
of technology, goes beyond coding. And we
feel, we bring immense value when we help
students understand computer science as it
is applied in the real world.

One of the things we have organized is the
Amazon Cyber Robotics Challenge. Here
children program a robot in a fulfillment
center, where they virtually deliver a package
to someone. Through this process, they learn
that it is not just about punching out codes.
This exposure lets them in on the real-world
application of tech and computer sciences
that invokes curiosity.

Ours is a three-tier program. We start with
computer science exploration or real-world
exploration, which is where our children or
the students in Al-supported schools first
go interact with computer science via an
hour of coding. These interactions are also
facilitated through unplugged activities which
involve modules for a resource-constrained
environment. Unplugged activities help
students learn computer science principles
without computers or the internet. This

is where they get introduced to computer
science, design thinking, logical sequencing,
parallelism, structural problem-solving,
among other things. This is the “Explore”
level.
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Then you move up to the second level -
“Learn.” Whenever we see that there is
interest among schools, or children, we
support them with enabling deeper learning
of computer science, where students end
up creating a live working project. It could
be a digital or physical project but uses
computational thinking.

Then the last leg of our program is called
“Build,” where we support students post
their school education, to build careers in
computer science.

We are trying to bring this pyramid together
with, “Explore,” “Learn” and “Build.” Our goal
is to support students from childhood to
career while building curiosity and the right
skill sets, and once they are ready, to help
them transition into successful tech careers.
Usually, we support organizations and
partners, and co-create programs with people
who help us build on this.

Nirbhay Lumbde: Championing STEM
education resonates deeply with our

core values. Being at the forefront of the
Information Technology sector, we recognize
the imperative of a robust foundation in these
disciplines. By fostering STEM education, we
ensure a future-ready workforce and nurture
innovation and sustainable growth.

Ruchira Roy Chowdhury: Can
you share some success stories
or outcomes from projects that
you have funded in the CS/STEM
education domain?

Akshay Kashyap: It has been two years
since the launch of AFE. Through this
program we’ve been able to reach out to
1.2 million students across 7,000 plus
schools, with 5.8 million hours of computer
science learning behind them. Most of

the schools we have worked with are in
remote rural areas, including the Eklavya
schools under the Ministry of Tribal Affairs
and the Telangana Tribal Welfare schools.

Interview

We have also supported Karnataka State
Education Residential Society that caters
to the educational needs of students from
marginalized sections of the community.

In Maharashtra, we have partnered with

the State Education Department to train
more than 7,000 teachers in CS modules.

We have partnered with various district
administrations to allow voluntary computer
science courses. Here we have seen very high
level of participation by teachers. And these
are all teachers of math and sciences for
younger grades, who are showing exceptional
skill and interest in learning and utilizing
computational tools in their teaching. This

is being done in a scalable way, so that the
government can replicate the model and build
on the framework.

For example, somebody is teaching language
using Scratch or Scratch libraries on Code
Mitra (mobile-based platform built by Pi Jam
Foundation to learn coding and application in
the real world). Some teachers are integrating
their CS learnings in mathematics and
science and are asking students to make
projects on topics such as photosynthesis
using Scratch.

We have seen students build and innovate in
ways that we did not imagine. For example,
one of the students built a local weather
system. Another wrote codes to automate
irrigation pumps for farmers. Some other
student made smart heater rods that monitor
the temperature of bath water while the user
finishes other chores. Some of our children, in
an innovation lab in Mumbai, went on to build
robots and participated in a global challenge
in Switzerland. They were the only team from
India. These were kids who had never learned
computer science before in any meaningful
way. It has been a revelation what bringing
opportunity for those who have the talent, but
lacked access, can do.

Our scholar internship program has 29%
women, pursuing first year CS engineering.
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We have supported 200 women scholars in
the first year. We are supporting 500 this year.
We offered fully paid internships (a gateway
into Amazon ) to 68 of them this year, based
on a competency assessment. We support
the scholars with a scholarship worth Rs.
50,000 per year for four years, along with a
structured boot camp to help them acquire
new and relevant skills. These girls who
have interned with us, come from rural India
and are studying engineering. They are role
models for their own communities now.

Nirbhay Lumbde: Some of our success
stories are incredibly inspiring.

National Recognition at NCSC: A prodigious
student from one of the programs supported
by us developed an ingenious automatic
fertilizer dispenser. This solution showcased
the practical application of STEM. It earned
the student a gold medal at the 30t National
Children’s Science Congress (NCSC), a
prestigious national science communication
program spearheaded by National Council
for Science and Technology Communication
(NCSTC), in January 2023.

Spotlight at Rashtriya Bal Vaigyanik
Pradarshani: Another testament to the
talent we nurture is a student whose
groundbreaking working model was exhibited
at the Rashtriya Bal Vaigyanik Pradarshani,
formerly known as the Jawaharlal Nehru
National Science Exhibition.

Interaction with the Prime Minister: A cohort
of young girls from schools we support
presented their innovative solutions directly
to the Prime Minister of India, at the Akhil
Bhartiya Shiksha Samagam. Another group
of talented students were handpicked to
present at the National Technology Week
Celebration, an event epitomizing India’s
strides in technological innovation and
advancement.

Recognition by Government of Karnataka
(GoK): CGI’'s commitment to STEM was
spotlighted in a coffee table book titled

Interview

“Impact of CSR Initiatives in Karnataka,”
which was unveiled by the Chief Minister and
the Deputy Chief Minister of Karnataka. It’s
a matter of immense pride for us at CGl to

be acknowledged for our “Magnanimity for
Social Equity” through CSR by GoK.

Pranjali Pathak: What challenges
do you foresee in scaling CS/
STEM education initiatives?
How can these be addressed
collaboratively between donors,
governments and educational
institutions?

Akshay Kashyap: We need CS to create the
215t century skills that will shape the future
careers. There needs to be more appreciation
of the need for foundational learning of CS,
and not just CS but computational thinking,
where Kids are able to problem-solve using
creativity and logic.

We all must work toward integrating CS
systematically into the channels that serve
students across the country in education
systems, large non-profits, other platforms,
etc. We must start introducing CS early

on. It is not simple to remove the resource
constraints from a country of the size and
demography of India.

We need to be able to use innovation in
problem solving. For example, we are taking
computer science education to places
without access to physical computers. We
are doing this through the use of mobile-
based applications like Code Mitra, Meraki
or Chatbots that can run on basic mobile
devices. We are undertaking unplugged
activities for this purpose.

We also need to educate and inspire students
about the wide-ranging career options that
they have, thanks to these newly acquired
computational skills from UX design to SDEP
app development, and others.

Nirbhay Lumbde: Adequate infrastructure
still needs to be developed in many regions.
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And then there is educational quality.
Upholding a consistent educational standard
across diverse terrains is challenging. Some
areas still resist contemporary educational
methodologies. Talking about resource
strategy, the challenge lies in channeling
resources to the most deserving areas. There
is a need for a unified approach. We need

a harmonized strategy, bringing together
donors, governments and institutions, which
is the linchpin to surmount these challenges.

Ruchira Roy Chowdhury: What are
your thoughts on the role of CS/
STEM education in fostering
equity, inclusion and access.

Nirbhay Lumbde: Initiatives with well-defined
inclusivity blueprints need to be prioritized.
These may encompass scholarships for the
underrepresented, outreach in underserved
regions, and mentoring that encourages

girls in STEM education and champions
diversity. STEM education is a linchpin for

Interview

equity, inclusion and accessibility. In today’s
digital epoch, proficiency in these domains is
tantamount to literacy. By ensuring universal
access to quality STEM education, we can
level the playing field and empower students.

Pranjali Pathak is an engineer turned
educator. Her passion lies in ensuring that the
millions of students in our country, especially
girls who leave behind harsh realities
everyday to attend government schools,

gain an avenue to develop 21st century
technological skills that will propel them to a
better future.

Ruchira Roy Chowdhury is a freelancer and
contributor, and is a former banking and
development reporter with The Economic
Times. She is a New York University
alumna, and has written for leading digital
publications such as Indianexpress.com,
NDTV and Youth ki Awaaz.

Email: pranjali.pathak@thepijam.org
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Interview

It takes two to tango

Teaching underprivileged children computing
through digital literacy and computational thinking

A conversation with Venkat Natraj Ramasamy

Venkat Natraj Ramasamy works with Asha
for Education’s Chennai Chapter. Asha for
Education is a volunteer-run nonprofit that
has chapters around the world. Its mission

is to foster positive social transformation in
India. It attempts to do this by working on the
education of underprivileged children.

amuhik Pahal (SP): Please share
Swith us the challenges of working on

computing with underprivileged school
children from remote, underserved villages.

Venkat Natraj Ramasamy (VNR): Asha for

Education has 60 chapters across the world.
| represent Asha Chennai. There are about 11
chapters in India, the rest of them are across

the world. Most of the chapters outside India
raise money. The chapters in India actually
provide education.

[ am only going to talk about Asha Chennai
because each chapter is independent, and we
do our own work. So, Asha Chennai focuses
on remote rural villages. What we find is that
most NGOs like to be in an area where they
have their offices, or they operate in areas in
which companies have their CSR operations.

We, however, work in remote rural schools in
Tamil Nadu, which typically are not served by
other NGOs, and in places that require the
most help, because they don’t have access
to quality education. We have multiple
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programs. One of them being the computer
science program. So, we have an Asha
Computer Science (CS) curriculum. It goes
from the first to the eighth standards. We
want to get them early and we want to be able
to separate the curriculum into two pieces.
One is digital literacy and the other oneis
computational thinking.

In many developed countries digital literacy is
almost automatic. Children there have access
to computers, or they use smartphones. In
many of the villages that we go to in India,
many of the children don’t even have access
to phones. The parents are not wealthy
enough to even buy a smartphone.

Therefore, we focus on digital literacy. In the
first and the second standards, we introduce
children to some basic keyboarding skills,
usage of computers, mouse, etc., using
games. We have a product called Asha
Kanini, which we use to teach most of our
courses. It contains about 80 packages that
are all opensource. We have some of our

own content, but mostly it fills gaps in the
content. Most of the content is opensource,
which we curate very carefully for each lesson
in the government school curriculum in Tamil
Nadu. We have also done this for UP, as we
also support some schools in the state.

Our teachers use this curriculum to teach
computer science in first-standard and
second-standard classes. Some of the
packages we use for the first and the

second standards are from GCompris.

Their opensource software is free for all

to use, except for one or two things that

we license for a very minimal amount. In

the third standard we use Tux Paint, a free
and opensource graphics editor, for digital
literacy. We also use similar software to
teach children math skills. And then we have
a third item involving unplugged activities.
This is where we start introducing children to
computational thinking. These are activities
that you can do physically that will teach you
certain concepts in computer science.

Interview

Let me give you an example. Let us take one
of the activities, like a grid activity where they
have these tiles and we put obstacles in the
middle, when we have a person standing out
and there is a treasure. You tell the human
being to go find the treasure, they can go find
it. They can look at it and they can see the
obstacles. The computer cannot do that. So,
they have to say things like - they must walk
a certain number of steps. So, sequencing
comes in. Then if they see an obstacle there,
they must turn left or right. Through this we
teach them conditional statements. When
they take a certain number of steps, we teach
them looping. Through such processes we
explain to them what those things are.

And so there are a lot of these kinds of
unplugged activities. We have developed
some of these. Some are created by others.
There is a website created by University of
Canterbury in New Zealand that has some
of these activities. We use many of these to
teach computational thinking in the fourth
and the fifth standards.

SP: Before we go on to discuss details about
your other initiatives in computational
thinking, we request you to please elaborate
a little more on the work that you do with
children on digital literacy.

VNR:The purpose of digital literacy in our
programs is to help children to not be afraid
to take any computer software program or
operate a new computer, etc. To do that they
have to become quite adept at using these
things. Therefore, we teach them how to use
things like spreadsheets, presentations,
Word documents, etc. For this we use an
opensource software called Open Office,
which is similar to Microsoft Office.

We also teach children how to search on the
internet. They learn how to use the internet,
how to access information, and how to use
this information. And so that is what we focus
on with digital literacy. For example, if they
want to book a ticket or want to go do banking
or something, then hopefully, they are not
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afraid to do so. We expect that the education
we facilitate for them will enable them to just
go ahead and say, “Oh, | can figure this out.”

Our focus is primarily on doing projects. So,
what we have found is (and | am sure a lot of
the research also says this) that when you
just learn, you don’t retain all that all the
time. However, when you do a project, you do
retain quite a bit. So, at the end of the fourth
and the fifth standards, our children are
supposed to do a presentation.

These presentations, in terms of the project
that they do, involve digital literacy skills
rather than computational thinking. They use
what they have learnt, do a project of their
choice and prepare and show a presentation
using all the tools they have learnt. We make
sure they use custom animations, audio,
video, and other things like that.

Some of the projects are on history. The
presentations will have information about the
industrial revolution or how the British came
and how we got independence, etc. There
are also presentations about their farming
on different kinds of lands — these are the
popular ones. Children do presentations

on different kinds of dances, states and
languages as well. They do a lot of those
things. There are also projects on science
subjects.

Many of our children, who have been with

us for a very long time, (please remember
that the children with whom we started work
in 4th standard are now in 10th and 11th
standards), they still remember their projects
and presentations.

And so, whenever they do something like
that, they have to go through a process when
something doesn’t work, they have to figure
it out. All these things give them the ability to
go in, do research, explore and learn.

SP: When do children start exploring areas
directly related to computational thinking and
programming, etc.?

Interview

VNR: In the sixth standard we again focus a
little bit more on the internet and then start
programming using Scratch. In the 7th and
the 8th standards we do mostly Scratch
programming, and games and stories, etc.,
using the programs. And this year we are
starting physical computing. So, we have a
board. That has a heat sensor, a light sensor,
things like that, which they use. They have
LEDs that they can light up, they have sound;
they can make that device talk. This is our
curriculum from the first standard to the
eighth standard.

For the 7th and the 8th standards they do a
project using Scratch. And of course, this year
there will be a project using the embedded
systems board as well, which is more directly
related to computational thinking. So, in the
lower grades, our program is not directly

tied to computational thinking, it is more

to do with digital literacy. We don’t teach
them programming on the computers. But
we do computational thinking activities, the
unplugged activities we have talked about.

All this work is supported by Asha Kanini,
which is an application developed by us that
helps teachers identify the right content

for their lessons. It has an archive of freely
available online content. We have mapped
these to lessons for the various classes.

Asha Kanini is available on both Windows

and Android. It has been designed with the
requirements of remote rural schools in mind.
It is independent of networks, platform,
curriculum and language.

Asha Kanini is free for anybody to use for

all the subjects. If you want to just use it,
let’s say you want to talk about friction, for
example. You can go and search for friction. It
doesn’t have to be mapped to the curriculum.
So that is available in English. Some of it is
now available in Hindi as well.

The content of Asha Kanini is divided into
three parts. There is content for teachers.
Basically, the teachers must understand how
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they are going to teach the pedagogy. They
will do that before they go to class. Asha
Kanini also has content for students which is
of two types - passive and active. The passive
content just explains the concepts to them.
So, it is typically a video or something like
that. However, passive content is probably
not the most effective way to communicate.
But then they must understand the concept.

After we have taught them the passive
content, we go into active content, which is
basically simulations and games that they
can play. Some of these games are very
interesting. Children continue to do these
repeatedly and as a result they remember the
concept extremely well. This curriculum is for
all the school subjects such as math, English,
history and geography, etc. It is the same as
what the government offers. We just support
that curriculum using digital content. For all
the schools that we support, we provide them
with math kits, English kits, things that they
can use to teach without having just a book,
you know, they can touch and feel and be able
to learn. If you are a teacher, we have lesson
plans for every lesson.

Our computer science curriculum is also
available as a part of Asha’s website. Other
than that, we support about 150 government
schools in the lower grades in primary and
middle school levels.

We also run a program called “Explore.” Here
we go to a particular school, three to four
times a year. So, typically once a trimester,
we go to these schools, and teach them basic
digital literacy, basic programming, and a
set of curated activities. These include the
unplugged activities | talked about earlier, as
many of these schools don’t have electricity
all the time. When they lose electricity,

the best way to engage them is through
unplugged activities. So, it usually takes
about an hour.

SP: Thanks for sharing these details.
The aspects of teaching and learning
computational thinking and digital literacy
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that you have shared till now ride heavily on
the government school system. Does Asha
for Education have ways in which it directly
interfaces with children in the communities
you work in?

VNR: We run a project called an RTC, which
is a Rural Technology Centre. It primarily
targets students from 6% to 12th standards,
who want to learn more advanced topics in
computer science. Many of these children
have never seen a computer before. Some
of them need to learn digital literacy. In the
RTCs there are also some of our children
who have come from a middle school that we
already support. For them we start teaching
programming right away, because they
already have digital literacy.

In the RTCs we teach computational thinking.
We also teach them programming using
Scratch. We teach them more advanced
courses as well. Now we teach them
animation using JavaScript, and we teach
them web development. The goal is to help
them learn how to write programs, create
websites, use HTML, CSS and JavaScript, etc.

We also teach them physical programming,
which is the board that | talked about. So,
there is data science involved. We use data
to figure out how the computer could start
thinking a little bit more like a human being.
So, these are the courses that we offer as
part of the RTCs.

We rent some space within the villages,
usually right next to the school, so that the
children can walk directly to our centers. But
some RTCs also support multiple schools. We
have two teachers in the RTC. One of them
goes to a high school close-by. The children
come to us from these schools and even some
other neighboring schools when they know
about it. Now that we have been in many
districts since 2002, many of the schools
know about us. They send their children to us
at 4.30 p.m. after the school is over. They stay
at the centers till 7:30 p.m. to learn.
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SP: What is the importance of collaborations
and partnerships in your work in the
computer science education space in
schools?

VNR: We have a partner called code.org and
we use some of their projects. Amazon is one
of our main partners. They have curated one-
hour activities as well. Then, we also have
what is called a “Class Chat.” In this program,
typically what happens is that an employee
from let’s say Amazon will volunteer and

talk to our children about their journey, how
they became computer science experts, or
even what other jobs that they might have at
Amazon.

They talk about their own experiences, their
own jobs, to just give the children a flavor of
what it would be like when they go into the
corporate world after education and stuff like
that. Many of these rural children don’t have
access to that information. Everyone in their
village is either farming or trying to do factory
jobs.
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This year we have selected about 50

schools in these remote villages. We will

train government teachers to use our Asha
computer science curriculum. We have
curated a one-year curriculum where they will
teach the students.

At the end of that, we plan to do

a competition that we are calling
“Impressions,” where children would compete
for the best presentations, best computer
science programs, best physical computing
programs, etc. We plan to provide a digital

lab for them, maybe 5 or 10 computers for
whoever the winner is. We will select the first
three schools and empower them with more
computers.

We also collaborate with higher education
institutions like [IT Madras, and companies
like Ford, Amazon and Hyundai, who support
our intervention schools with computers and
equipment.

Email: venkatnatrajramasamy@gmail.com

Asha for Education - Chennai Chapter
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Transforming education
Government initiatives and collaboration for ICT

advancement in India

Dr Vijay Borges, Dr Chintan Vaishnav and Shri Himanshu Gupta (IAS), in conversation with

Maulika Kulkarni

hen it comes to scaling up computer
science education in a country
as large and diverse as India,

government stakeholders have an important
role to play in terms of taking a renewed look
at policymaking. These include overhauling
of syllabus, introducing subjects relevant

to the future, launching relevant initiatives
to promote and provide computer science
and future skills learning with wider access,
and meeting the economic and geographical
challenges.

We had the opportunity to interview Dr Vijay
Borges, Project Director, Project Management
Unit, Coding and Robotics Education in
Schools Scheme (CARES), Government of
Goa; Dr Chintan Vaishnav, Mission Director
for Atal Innovation Mission (AIM); and Shri
Himanshu Gupta (IAS), Director of Education,
Government of NCT of Delhi. These officials
have played critical roles in the education
landscape broadly, and in computer science
and future skills learning specifically. In this
piece, we discuss with them the challenges,
milestones and the road ahead in making
Indian education future ready through
computing education.

Maulika Kulkarni: Can you please
share some insights into the
various initiatives and policies
undertaken by the government

to promote access and learning
in computer science (CS) and
technology education?

Dr Vijay Borges: In response to the growing
importance of computer science and
technology education, we have launched

several initiatives and policies to enhance
access and learning in these fields. The
journey of Coding and Robotics Education

in Schools (CARES) Scheme, Goa, started in
2021, a few months after National Education
Policy (NEP) 2020 was drafted and presented.
NEP 2020 is divided into three parts —
school education, higher education, and
skilling education. NEP 2020 emphasizes
three critical aspects: computational
thinking, design thinking, and mathematical
thinking. Rather than treating subjects such
as mathematics, social sciences and art in
isolation, it emphasizes the need to view
them collectively.

This holistic approach aligns with 21st-
century skills, emphasizing collaborative
efforts, cross-disciplinary knowledge
integration, and horizontal thinking. The
goal is to nurture a child’s thinking abilities
through innovative and experiential
pedagogical approaches.

InJanuary 2021, approximately 6 to 7 months
into this journey, the coding and robotics
program (CARES) was conceived. This
initiative aims to inculcate computational
and design thinking into the educational
framework. It seeks to encourage diverse
thinking approaches when addressing
problems. Instead of compartmentalizing
subjects, the program shifts towards

a holistic approach. This includes
considerations like abstraction, algorithms,
and the merging of various elements to
provide a more comprehensive learning
experience. The ethos of the program lies

in the pursuit of problem-solving and the
development of practical solutions.
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Dr Chintan Vaishnav: The larger vision is to
cultivate a million neoteric innovators —
people who will have the capacity to navigate
uncharted territories. In hindsight, there

are two things. First, there wasn’t a grand
epiphany, and second, the Atal Innovation
Mission (AIM) was announced in the budget
prior to which there was some brainstorming.

The early ideas of launching Atal Tinkering
Labs began with a good accidental encounter
with a paper that discussed ideas such as
“If you were given x amount of money, what
would you do with it?” A lot of brainstorming
took place before a person suggested

giving 3D printers, which is what led to
conceptualizing this makers’ space called
Atal Tinkering Labs. Over time, it has grown
to incorporate design and computational
thinking.

When you look at school labs, there have
been two waves before the makers’ lab wave,
the science labs wave and the computer
labs wave, which are very different from

each other. The makers’ lab was possibly

the first time that both minds and hands are
involved. In science labs, they prove what is
known, in computer labs, they digitize what
is not digital, and in makers’ labs, they create
thoughts!

Shri Himanshu Gupta (IAS): The Indian
education boards’ curriculum predominantly
emphasizes theory and the existing subjects.
For instance, after grade 10, if a child wants
to study science, they take math, physics,
chemistry or biology, and the other options
to study are commerce or arts. However,
these subjects are not necessarily equipped
with 21st-century skills and appropriate
assessments. In Delhi, we have undertaken
an overhaul to redesign the entire curriculum,
which includes subjects like Coding,
Robotics, Digital Media and Design. This
enables us to introduce coding as a subject
which can be taught to grade 11-12 students
and assess them as well. In addition to the
introduction of these subjects, the Board
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has also designed assessments that can
appropriately test for the skills that are
required to master them.

At present, we have a tie-up with Indian
Institute of Technology Delhi (IIT Delhi) and
[-Hub Foundation for Cobotics (IHFC) to
develop a specific curriculum for coding,
which will cover important topics like
artificial intelligence and machine learning.
The syllabus is designed by IIT-Delhi, and
assessment is done by the Delhi Board of
School Education (DBSE). Similarly, we are
bringing new high-end 21st century skills

— like film and media making, robotics,
automation, automotive courses, fashion
and media design courses, and fashion
technology courses — to schools. We are also
redesigning our courses in partnership with
Tata Institute of Social Sciences (TISS) and
Ashoka University. We have engaged a lot

of players to redesign our courses, in tune
with the National Education Policy (NEP),
which cater to the current needs of the
country. Earlier, other boards encountered

a challenge where they had the curriculum
but lacked proper assessment methods.
However, in Delhi Board of School Education,
we have taken the initiative to implement
assessments in line with the philosophy of
the International Baccalaureate, addressing
this issue. This marks a revolutionary shift
from the old regime.

Maulika Kulkarni: How does the
government plan to scale these
initiatives and ensure widespread
participation, especially in
underserved areas?

Dr Vijay Borges: We are a small state, which
is advantageous. | worked closely with our
previous Chief Minister, who believed that
Goa could be an experiment for the entire
country due to its small size and population.
Unlike an urban-rural divide, Goa is more
like an urban city spread across villages.

We primarily focused on 460 government
and government-aided schools, not private
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institutions, all under the State Board.
These schools cover various subjects such
as science, math, social studies and art.

We decided to tackle the issue by working
through modifying “computer awareness,”

a co-academic subject that already existed
and has a familiar sound to it. Since it was
not an academic subject, it provided us with
flexibility for experimentation.

Our challenge was revamping the entire
curriculum, which required aligning with
NEP’s 5+3+3+4 structure. We concentrated
on the second ‘3’, focusing on middle school
(6th, 7th, and 8th grades). In hindsight, was
it the right idea? We realized the importance
of the first three years, as foundational skills
like mathematics and logical thinking are
crucial for later development.

The Foundational Literacy and Numeracy
literature shows that the first 3 are also
very important, because if the child has not
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caught on to the mathematical skill or the
logical thinking skill set, then it becomes
challenging for them to catch up as time
passes.

Another challenge was building teachers’
capacity. While training in-service teachers,
we recognized that many lacked a
background in science. Therefore, instilling
confidence in them was important for the
scheme’s success. It may be noted that
scepticism often surrounds government
initiatives. This leads to a challenge in
engaging a multitude of stakeholders.

In our case these include, 300+ private
management (aided institutes) and 160+
government institutes, 600+ teachers

and 65,000 odd students along with

their parents. The launch of the scheme

in 2021 coincided with the peak of the
COVID-19 pandemic. This presented its
unique challenges as this curriculum was
envisioned to be hands-on, which now had
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to be done maintaining social distancing
norms.

To gain confidence of the stakeholders,

we had to visit and conduct meetings with
the managements of 460 schools in all the
12 talukas of the state. The roles of all the
stakeholders had to be clarified. Confidence
had to be built in delivering the scheme to
the end users. We were agnostic whether it
was a rural or an urban area. Our approach
was practical and worked on continuous
feedback from the stakeholders. This

helped us meet the expectations of all the
stakeholders. This has been a major success
over the last three years, since the launch of
the scheme.

Dr Chintan Vaishnav: | think this program
remained open from the get-go, so there
weren’t any restrictions on the schools to
apply. It could be a private school or an urban
school. There needed to be certain criteria:
space availability, which grades, whether
there is a science teacher, and things like
that. But otherwise, it was open to all. Over
time, as the numbers grew, there has been
a nudge to stratify sampling so that they
are somewhat representative of what the
landscape looks like. Now 60% of the labs
are in rural areas and 70% of them are in
government schools.

The next milestone for us that we have
proposed is 70,000 or 1 in 3 schools. There
is also some calculation behind it. If you see
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the proximity of schools, then one in three is
still within the same block. So that was the
thinking. It took us five years to build 10,000.
So we can’t imagine that to be the model for
fulfilling our aspirations in the next five years.
Because sequentially we will only be reaching
another 10, but we have to parallelly build.
So, our proposal is that we build through
states and the private sector.

Shri. Himanshu Gupta (IAS): We want to go

a bit slow and steady in this. The curriculum
we have designed is being implemented

in 40 of our government schools. Currently
the curriculum is being vetted by industry
experts. Once the process is over, we will look
into expanding it to all our schools. We will
open it for private schools also, who wish to
come to our Board to apply for it and take the
courses. We are also exploring partnerships
with universities such as the prestigious
Delhi University to ensure that the students
don’t face any difficulties in the application
process.

The impact on these schools is visible.

We recently organized the Delhi Robotics
League (DRL). DRL is a statewide robotics
competition for school students. The
competition was open for all the schools of
Delhi, whether private or government. It is
noteworthy that bootcamps with the help of
[IT Delhi were organized in schools across
Delhi. In the top 16 teams, nine teams were
from government schools, and seven were
from private schools. The winning team was
from one of our Specialized Schools. And
they defeated some well renowned private
schools of Delhi like Springdales School and
DPS RK Puram. So, you can see the prowess
of the students. What they have been able to
achieve is inspiring.

Maulika Kulkarni: With multiple
government pathways and
approaches to CS education,
how do you ensure a cohesive,
standardized and adaptable
frameworks for learning?

60



Dr Vijay Borges: When you conduct
experiments, there’s always a need for
someone to lead and provide insightful
thinking. However, if you fail to create
secondary leadership and a replicable or
scalable model, it becomes a failure. As

| reflect on my third year at PMU CARES,

I must envision a scenario where |, Vijay
Borges, do not exist; “Will this model reach an
acceptable level of efficiency autonomously?”
That’s what we have been striving for. It’s not
just about having the right team or leader. It’s
about ensuring the model’s replicability and
scalability.

At PMU, | have created R&D teams:one is
Educational, and the other one is Engineering.
When you are talking about robotics, hands-
on experiences, and maker spaces, what is
required is a model and an understanding of
appropriate teaching and learning materials
that are adaptive to hardware and software
tools. Many commercial entities may have
their promotional interests. So, to drive

the government’s interests, the need is to
minus the commercial interest and keep the
primary stakeholders’ (students’) interest as
the highest priority. This can be done only
by developing the tools ourselves. So, when
PMU signs the MoU, with other entities, the
emphasis is to develop the IP together. When
we speak to system integrators, we insist on
developing the firmware together. By doing
this, PMU develops in-house expertise and
becomes efficient in being adaptable to
create a teaching learning framework that
works efficiently with the hardware and
software tools.

For experiential learning, the need is to be
clear about what is going to be taught, the
tools required and how the tools would be
adapted five years down the line. Can these
resources be reused? Can they be efficiently
used? We engage with industry partners on
these terms as envisioned by the PMU.

Dr Chintan Vaishnav: Initially, three factors
led to a slightly larger concentration of
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schools in some regions. Of India’s secondary
and higher secondary schools, 4.4% have an
ATL. In some regions, that number may be
5.5%. These variations exist because, first,
the schools that were closer to Delhi, and
second, regions where awareness and focus
on education are higher, such as southern
areas, obtained more schools because they
actively applied for them, sometimes using
third-party agencies to submit applications,
which introduced some bias since allocations
was based on applications. Lastly, in the
frontier regions like J&K, there were fewer
initial applications. However, apart from
these factors, there was no predetermined
ratio imposed.

Shri Himanshu Gupta (IAS): We have
partnered with the Australian Council of
Education Research (ACER), which serves our
Project Management Unit (PMU) assisting in
the design and development of assessments.
In addition, various curriculum design
partners have provided their expertise.

An innovative aspect of our approach has
been the involvement of our own teachers

in devising assessment strategies. This
collaborative approach has resulted in the
development of a co-assessment framework,
fostering stakeholder involvement and
garnering positive feedback on our student
assessments. We conduct weekly and
fortnightly assessments, giving substantial
weight to internal assessments within a
semester-based system, aligning with the
draft National Curriculum Framework’s
recommendations.

Maulika Kulkarni: What are some
innovative government programs
related to CS education that

have yielded positive results?
Could you highlight a few success
stories?

Dr Vijay Borges: To run the elective
curriculum - which is a post school hours
activity - on advanced technology for
selected motivated students, we offered
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the Teach for Goa Fellowship. Around 50
graduate/postgraduate engineers and
MCAs join us for 2-3 years to engage in
school education, primarily to assist us in
delivering the curriculum. This curriculum
is highly specialized, focusing specifically
on mathematics, science and technology.
We harness the existing talent pool from
the local engineering institutes, providing
them with training to supplement school
education.

Our Teach for Goa fellows go to various
schools for these post school hour sessions.
We implemented a concept called the “Hub
and Spoke” model. Across the 12 talukas,
we assigned one school as the “hub” or lead
school, while the seven schools serve as
“spoke” schools. How does this work? The
students from the spoke schools along with
hub school students convene for a weekly
two-hour session. In each session, there are a
maximum of 20 students.

A system is allocated to a pair of students. In
each hub school two sessions are conducted
every day, with a total of 12 sessionsin a
week. We have 115 hub schools catering

to over 8,000 students. We observed that
students who came from underprivileged
backgrounds worked together with students
of privileged backgrounds, giving them a
sense of, “Yeh mujh se bi hota hai” (“Even

| can do this”/ “Now | know how to do

things | had never done before”). It was

truly remarkable to witness this change

in confidence fostered through the peer
learning mechanism.

Dr Chintan Vaishnav: In Atal Innovation
Mission (AIM), quantitatively, we think the
return on every rupee invested is about
five and a half rupees as a whole. If you
compute the social cost of capital, then it
may be about 17 rupees for a single rupee
invested. The way we computed this, which
is getting published, is a two-part story. One
part is incubators, where there are ideas.
The incubators have the idea. So, we have
invested a total of 325 crores directly into
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startups, plus some amount on incubators.
These startups have raised about 1,350
crores in the market. They have diluted 20%
of their stakes on average. This means that
these startups have a valuation of about
6,700 crores. That is one form of return.
These incubators have raised about 60 crores
in matching funds. That is infrastructure
valuation.

Through that ATLs, we have sensitized around
75 lakh students. We have computed that
had such a person sought a similar level of
sensitization privately, they would have spent
1,000 rupees, very conservatively. So that is
about 750 crores. So, we come to 8,500-8,700
crores. We have spent 1,511 crores by last
year on Atal Innovation Mission. We have had
a return of 8,700 crores. So that is five times.
It is interesting that the incubators have

high returns but less volume, right? These
3,000 startups employ 14,500 people. They
pay them maybe 30,000 rupees a month on
average, so that is about 450 crores. So ATL’s
returns are small, but the impact is larger.
That is just quantitative.

Maulika Kulkarni: How does the
National Education Policy (NEP)
support and enhance computer
science and STEM education in
the country? Please highlight any
challenges or opportunities you
foresee.

Dr Vijay Borges: This question is both
important and interesting! We are impacting
65,000 students and not everyone is
interested in coding. There could be

some students interested in advanced
technological knowledge. There are different
kinds of learning styles. There is some
innateness and then there is some that is
acquired.

We develop our own tools — both, the
software and the hardware tools. For a
small state like us, we need to specialize in
nurturing human resources. That’s what we
did. We came up with something called an
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elective curriculum. The elective curriculum
is where we talk about STEM (science,
technology, engineering and math). Here we
prioritize higher order of thinking, based on
computational thinking, design thinking and
mathematical thinking. This has also been
emphasized in NEP 2020.

We need to build a symbiotic relationship
with talent. Otherwise, the talent will go
outside Goa. This is a concern we need to
address for the future, looking ahead about
ten years from now. Higher education often
encounters a problem when a child reaches
the age of 20 and it is realized that the talent
is not good or not at the desired level. By
that time, it’s challenging to make significant
improvements to the human resource to be
adaptive to the required talent pool.

Dr Chintan Vaishnav: We are getting requests
for ATLs from far off places. So clearly
awareness is growing. Now we do hear from
some places where people have complained
or demanded in their school, “I have never
been given the opportunity to be an ATL
teacher” That is an interesting demand! So, |
think it is growing. Maybe that is an indication
of being mainstream. It must come from the
people, right? Otherwise, everyone is very
good at making large claims.

Himanshu Gupta (IAS): | think we are in
perfect alignment with what NEP 2020 says.
NEP talks about activity-based learning,
having career opportunities in line with
the skills that are right now required in the
industry. This is what we are doing. We are
providing them with those skills. Then, our
assessments are not like a normal Board’s
assessment, where you mug up theory and
then you just write it in the exam. We are
having a mix of both.

Suppose a child takes music as a core
subject. Then 70% of her assessment will be
through practical, and she will be performing,
and there will be an external assessor who
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will be assessing. They will be given an
opportunity to choose which instrument
they want to play and which genre they
want, whether it is Hindustani Classical, or
Western. Accordingly, their assessment will
be done. In different subjects, we have kept
that component, and we are giving them
grades. We have introduced a credit system.
This is what NEP talks about. So, we are
giving them credits and a grade system. That
way, we are totally in line with NEP 2020.

Maulika Kulkarni: In your opinion,
what role does collaboration
between the government, the
private sector, and educational
institutions such as schools play
in advancing CS education in the
country?

Dr Vijay Borges: Despite the worldwide

chip shortage, conflicts and challenges
starting in 2021, we have successfully
upgraded computer laboratories in all 460
schools, providing over 4,600 systems with
all the necessary tools. This achievement
represents a win; the people witnessed what
a committed government can achieve. Merely
setting up systems in the lab without any
means of communication, such as internet
connectivity, is set for failure. To address
this, we adopted an innovative scheme called
“Wired Internet in Schools.” The government
providing a single vendor to provide internet
services could present a single point of
failure. To overcome this, we proposed
involving around 100 vendors to provide
internet services through a rental model.
This empowers institutions in an almost
revolutionary manner. It allowed them to
choose the best services. This also promoted
trust and collaboration among stakeholders.

Initiatives like these are collaborative,
win-win for all, and come with an inherent
distributed functionality; thus, boosting
any kind of learning permeability. Another
feature of this scheme is the provision of
engaging with Teach for Goa Volunteers and
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Mentors. These volunteers and mentors are
industry experts who have been associating
with the scheme to provide their expertise
in various domains to take these initiatives
forward.

Dr Chintan Vaishnav: It would have to be
state-led. It may remain a central sector, like
itis right now. The answer is not there yet.
What is clear is that you cannot do it from

the centre, because the numbers are large.
And ultimately, schools are answerable to the
machinery at the state level.

We try to link it to the states even as a part of
their teacher training programs. We have said
that there will be involvement by the states
even in selection. We have allowed schools to
apply as clusters and let the states shortlist
them first. They are involved in every step, so
that would ultimately be the model here.

Shri Himanshu Gupta (IAS): Boston
Consulting Group (BCG) was given the main
aim of identifying good partners in different
fields for our PMU. And on the DBSE front,
we had the Australian Council of Education
Research. So, BCG played a very important
role in identifying the correct people.

Then we reached out to them and then
centrally managed all the things. And then
we have a good team in DBSE, headed by the
CEO, Mr. K. S. Upadhyay. We have built a team
that is passionate and dedicated towards
changing the landscape of education in this
country.

Dr Vijay Borges currently is the Project
Director, Project Management Unit, Coding
and Robotics Education in Schools (CARES)
Scheme, Directorate of Technical Education,
Government of Goa (GoG). Previously he

has held the position as Joint Managing
Director - Info Tech Corporation of Goa. He
was also Officer on Special Duty (OSD) to the
Information Technology Minister, GoG. He has
also served as a professor at Goa College of
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Engineering and has more than 25 years of
experience in the IT Industry, Academia and
Research.

Dr Chintan Vaishnav currently serves

as Mission Director for Atal Innovation
Mission (AIM), which is a flagship initiative

of Government of India under the auspices

of NITI Aayog. Chintan is on leave from
Massachusetts Institute of Technology (MIT)
for his present assignment. He is an engineer
trained to design and build large-scale
systems that possess both human as well

as technological complexities. As a teacher,
innovator and entrepreneur, he has split his
time between teaching and research at MIT
and living and working with rural communities
in India to build solutions that can overcome
constraints fundamental to improving human
conditions.

Shri Himanshu Gupta (IAS) is the Director
Education, Government of NCT of Delhi and
the Chairperson of the SoSE society. He is an
IAS Officer of the 2012 batch. He has been
spearheading all the education projects and
initiatives under the Directorate of Education
ranging from enhancing teaching-learning
processes in schools to ensuring quality
infrastructure. Shri Gupta did his Mechanical
Engineering from IIT Delhi. In his earlier roles
as an administrator, he has been the Deputy
Commissioner of Longding District, Arunachal
Pradesh where he successfully resolved the
network issues in the area while consistently
dealing with insurgency.

Maulika Kulkarni is a Partnerships Manager
with Pi Jam Foundation, where she works

to align government agencies and partners
with the organization’s vision to democratize
computer science education in India.

She started her journey in education as a
language teacher, which led her to a TFI
fellowship. Seeking a broader social impact,
she has also pursued an MSW degree from
TISS.

Email: maulika.kulkarni@thepijam.org
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Interview

Recomposing computational thinking in
schools, one teacher at a time

A conversation with Sonia Garcha

Sonia Garcha is a community development
practitioner, who is also associated with
CSpathshala, an Association for Computing
Machinery India (ACM India) education
initiative, where she contributes to
strategy development and implementation.
CSpathshala works to bring modern
computing curriculum to Indian schools. ACM
is a nonprofit organization and the world’s
largest Computing Society. Its education
initiatives produce and update curricular
recommendations.

amuhik Pahal (SP): How did
SCSpathshala start working in the

Computational Thinking (CT) space in
India? What were the initial challenges?

Sonia Garcha (SG): Today digital skills,
problem solving, critical thinking

and analysis, technology design and
programming, and reasoning and ideation
have become relevant for all of us to

be successful in the digital economy.
Computational Thinking (CT) is a foundational
skill for all. It is a practice that is central to all
sciences, not just computer science. World
over, K-12 computing education is moving
away from digital literacy to a computational
thinking curriculum.

Introducing CT curriculum for schools in India
has had several challenges. Apart from the
cultural and regional diversity, India has over
1.6 million schools offering K-12 education to
300 million students. India has 44 education
Boards! The twin problems of filling up the
large skills gap in the area of computing and
the diversity of the population that needs

to be trained quickly make this into a grand
challenge.

Association for Computing Machinery (ACM),
India, started CSpathshala, a national school
education initiative, in 2016, to develop a
computing curriculum for K-12. CSpathshala
has evolved the curriculum and contents

by piloting these across schools around the
country. Computational Thinking (CT) is not
just programming and use of technology. Our
goal is that students develop a systematic
approach to problem solving, and break down
the solution into small steps that a computer
can execute.

The curriculum committee comprising of
academia and experts from the industry
developed a high-level curriculum of what
should computational thinking curriculum
be in K12 education. A detailed syllabus
document in different thematic areas, with
an implementation plan and teaching aids,
was prepared with the help of volunteers.

While CT created excitement, there was no
clarity among the community of educators
and teachers about what CT is and whether
promoting CT in schools is necessary. We
conducted awareness workshops for the
decision makers, such as government
officials, trustees, and principals to motivate
them to teach computing as a science
through an enhanced understanding on

why CT should be taught in schools and

how CT is different from ICT. Following

this, we conducted special teacher

training workshops to train teachers on

the fundamentals of CS, and to take them
through our new computing curriculum.
Building a community of practice enabled the
teachers in sharing challenges and innovative
practices.
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Then the question became, where do we fit it
in the school curriculum?

What was being taught in schools in ICT

or computer classes? the focus was on
digital literacy, teaching them MS-Word,
PowerPoint, etc. Students were also being
taught acronyms and history of computers
and coding. What they ended up doing was
just teaching a plethora of programming
languages, and students learnt some syntax.
There was a gap in the existing curriculum.

The principles of computational thinking,
viz. decomposition, pattern recognition and
generalization, algorithms and programming
are covered in the CSpathshala curriculum.
An algorithm is something that everyone
needs to understand. Ask someone for
directions to reach their home and you
realize how people are unable to give precise
instructions.

The students first learn following instructions
with activities like “Robot Game,” and then
move on to the process of devising algorithms
with activities like “Guess my Birthdate.” In
our curriculum there is a defined progression
of the syllabus across the thematic areas
based on the existing school curriculum.

Interview

Samuhik Pahal: So, this syllabus was created
and then teachers were trained. However,
how does this curriculum get transacted in
the classrooms?

Sonia Garcha: In the first year, we
implemented a small pilot in Pune with

15 schools. The teachers training and the
teaching aids for classes 1 to 8 included

a slide deck, lesson plans and student
worksheets. These could be used by teachers
in the classrooms. They were provided at no
cost to the schools.

We also undertook regular school visits

and conducted feedback workshops from
teachers to document what was working,
and what needed to be changed. At the end
of the first year, we grew from 15 schools

to 100 across four (4) states. Since the
school curriculum is too crowded to add new
subject material, the time already allotted
for ICT/Computer in classes 1to 8 were
productively restructured to include teaching
computational thinking.

During the teachers’ feedback sessions,
teachers shared that CT activities have
also helped reinforce concepts in math.
Mathematical thinking and computational
thinking are closely related. Math involves




executing algorithms — long division,
computing GCD and LCM. Schools adopted
multiple routes for implementation of CT.
These included integration with computer
science, replace existing ICT curriculum,
integration with math or being taught as an
extra-curricular subject. Tamil Nadu state
education department has included CT as
part of the mathematics curriculum since
2018 that reaches 30,000 schools.

Moving to rural government schools, the
primary schools have an all-subject teacher,
who teaches all the subjects and lack
resources. To make computing equitable,
CSpathshala has adopted the unplugged
approach of teaching computing without
computers.

To give you an example, one of the very
popular unplugged activities is solving
Sudoku. Instead of starting with a complex
9x9 Sudoku, the students start with a simple
4x4 Sudoku moving on to 6x6, and then to

a 9x9. The objective here is not to teach
students to solve Sudoku, but to teach

them decomposition, so that they learn

how to break more complex problems into
smaller ones, devise algorithms and use
generalization to extend the solution to solve
more complex problems. Teachers have
replaced numbers with shapes if children
have difficulty solving 4x4 Sudokus.

Another daily life example is looking for
patterns. In classes one and two, students
start looking at rangolis - understanding
repeating patterns, visualizing patterns and
drawing rangolis. In higher classes, students
study symmetry as a pattern. They use
repetitive addition for multiplication, GCD as
examples of patterns, which is a part of the
math curriculum.

Samuhik Pahal: CSpathshala has also been
able to quickly scale up its work. What has
been the contours of this journey? What are
the challenges that the organization has
faced in this process?

Interview

Sonia Garcha: Since 2018, we started
working with Andhra Pradesh Social Welfare
Residential Educational Institutions Society’s
(APSWREIS) tribal welfare and ashram
schools. There were 200,000 students from
427 schools across 13 districts learning
computational thinking. To achieve scale
and develop a sustainable model, we
shifted to training the master trainers, who
in turn trained the teachers and provided
handholding support for CT implementation.

One of the most important learnings was the
adaption to local contexts by the teachers.
A related question is - how you share

your classroom activities and innovative
approaches that you have implemented.
Teachers shared photographs and videos

of CT activities that they had implemented
on WhatsApp groups. Volunteers helped
teachers publish blogposts on the
CSpathshala website.

The CTiS (Computational Thinking in Schools)
conference is an annual event organized

by ACM India (Association for Computing
Machinery India) and the CSpathshala
community. It aims to bring together
teachers, educators and researchers to
discuss issues of curriculum, pedagogy,
policy and implementation, related to
bringing computational thinking to schools.

CTiS-2019, the first conference, had teacher
presentations on challenges faced and
innovative approaches used to implement CT
activities in the classroom. For the first three
editions of CTiS, we had submissions from
computer teachers and a few math teachers
too.

CSpathshala’s work at the policy level
enabled the inclusion of CT in National
Education Policy (NEP) 2020: Section 4.25 of
NEP 2020 says:

“It is recognized that mathematics
and mathematical thinking will be
very important for India’s future
and India’s leadership role in the
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numerous upcoming fields and
professions that will involve artificial
intelligence, machine learning, and
data science, etc.”

Thus, mathematics and
computational thinking will be given
increased emphasis throughout

the school years, starting with the
foundational stage, through a variety
of innovative methods, including the
regular use of puzzles and games
that make mathematical thinking
more enjoyable and engaging.
Activities involving coding will be
introduced in Middle Stage.”

We also received feedback from science
teachers that the skills in critical thinking
and logical reasoning being developed
through our CS curriculum were helping
students better grapple with concepts in
science. Our children are observing their
surroundings, identifying patterns, and are
curious to explore how things work. After
2021, we have seen a sea change. Along
with computer teachers, language, science,
math and social studies teachers, are now
exploring the integration of computational
thinking as part of the school curriculum.

Samuhik Pahal: How do you engage with
the governmental system to ensure that the
CSpathshala curriculum gets transacted in
government schools?

Sonia Garcha: We have been closely working
with state governments. Specifically, we have
engaged with Andhra Pradesh Social Welfare
Residential Educational Institutions Society,
Zilla Parishad Schools in Maharashtra, Goa,
Gujarat and Tamil Nadu in implementing

CT. Teaching programming is an important
area of work. However, it will not be possible
to teach programming across all schools
unless we are able to find a scalable

model to provide affordable computing
devices, supplemented with access to other
amenities such as power supply and basic
infrastructure.

Interview

To address these challenges, and make
computing equitable, CSpathshala has
adopted the unplugged approach of teaching
computing without computers. This has

been piloted with 600,000 students in

1,500 schools across 11 states in four (4)
languages. Two thirds of these are rural
government schools, demonstrating that
computational thinking is for all!

Our whole ideology is about mainstreaming
the CT curriculum. In National Education
Policy 2020, and in many countries across the
world, Computational Thinking (CT) has been
identified as one of the essential subjects to
be taught and a critical skill to be developed
in children during the school years. It
advances the notion that the mathematics
and the science behind computer science,

go far beyond the simple ability to use
computers, and can be taught and discussed
in schools even without the use of computers.

With the inclusion of CT in formal curricula

of mainstream subjects like math, science
and social studies, there will be dedicated
time for CT in the academic calendar, and the
provision for training teachers. NEP 2020 also
mentions inclusion. With this, the students in
rural, semi-urban and government schools,
who were typically excluded, will now benefit
with opportunities to learn computing.

However, there is a flipside to this as well.
Computational thinking has now become
the new buzzword. In urban schools, the
inclusion in NEP can lead simply to new
subjects like Artificial Intelligence (Al) and
Machine Learning (ML) introduced at school
level, entirely missing the conceptual basis
of CT. CSpathshala’s position on CT is that
it should be taught at par with mathematics
and sciences and not be reduced to
programming.

Samuhik Pahal: You have mentioned
teachers’ training and engagement as a
critical part of your approach. Could you
please elaborate a little on this?

68



Sonia Garcha: We believe that teachers’
training is an important component for
the successful implementation of CT by
conducting interactive sessions through
activities and imparting CT knowledge.
CSpathshala has played an important role
in building teachers’ capacities to train
students to develop the ability to solve
problems and explore multiple solutions
toward solving problems.

While conducting teachers training, we don’t
initially mention the four pillars of CT. To
help teachers overcome the fear of CT, we
take examples from daily life. For example,
this may include an initial question on how
to make a cup of tea. This then leads to a
discussion on the various ways of making

tea and the different steps involved. It then
morphs into deliberations on giving precise
instructions and devising algorithms.

During the training sessions, the focus is on
pedagogy and CT skills. We demonstrate how
the activity should be taught in the classroom
and then ask the teachers to conduct it
during the training. This helps build teachers’
confidence to conduct the activities in the
classrooms.

| really take pride in the CTiS conference,
which is a platform to bring teachers
together. This year, we had more than 200

Interview
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submissions for the conference. Forty-four
submissions from these were selected for
the final national conference, with more than
200 participants, and around 2,000 people
participating online. We have also organized
two regional conferences in Maharashtra and
Andhra Pradesh, to provide a larger number
of teachers opportunities to present and
showcase their work.

Samuhik Pahal: What are the ways in which
your organization has tried to address
concerns related to inclusion in CT?

Sonia Garcha: CT and inclusion is not just
about teaching the CT unplugged curriculum,
but also going beyond by providing an
opportunity to the unreached rural and
government schools. Vision Empower

(VE), who work on STEM education for the
visually challenged, adapted CT content to
teach visually impaired children. Ongoing
conversations with the VE team have been an
important part of our learnings in the CT and
inclusion space.

During CTiS2022, we also organized the
Tactile Accessible Computational Thinking
(TACT) Grand Challenge. The pedagogy of
Computational Thinking has been more
visual than tactile, thereby leading to lack
of inclusion in classrooms. The aspiration
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of this challenge was to create a novel
approach to CT, which can be equally
accessible for learners with speech, hearing
or visual impairment or those without any
impairments. We received submissions
from academia and teachers from India and
overseas, and the selected activities were
showcased at CTiS-2022.

In CTiS-2023, we had a special CT and
inclusion track for teachers and educators
working with students with special needs.
CTiS-2023 conference also had submissions
in five other languages apart from English
—in Gujarati, Telugu, Tamil, Hindi and
Marathi. The goal was to provide our rural and
government schoolteachers opportunities to
present.

Samuhik Pahal: If you could please reflect a
little on the challenges of working at scale
when one is a voluntary organization?

Sonia Garcha: For us, our volunteer group
who joined us in 2016 has worked well. It
continues to contribute to the initiative. We
have had a large number of volunteers across
five (5) continents during content creation.

CSpathshala also organizes the Bebras
India Challenge, which is conducted free in
seven languages to provide opportunities
to the unreached rural and government
school students. Since 2018, over 500,000
students in the age group of 8-18 years
have participated in Bebras India Challenge.
Bebras is an international Computational
Thinking Challenge for students organized
in over 74 countries. It is designed to

get students across the world excited
about computing. Our volunteers help in
translations. They also reach out to schools
to popularize the challenge.

During the CTiS conference, volunteers are
actively involved in the various committees.
They play an important role of reviewing the
abstracts and mentoring the teachers. Itis
also a gratifying experience for our volunteers
who have created the content to see the

Interview

impact shared by the teachers during the
presentations. | am happy to share that the
CSpathshala family — our volunteers — are
one of our biggest strengths. Without them
this impact would not have been possible.

CSpathshala’s efforts are showing a
positive impact both at the school and
policy levels. Through our work, we have
been able to show that it is possible to
convey the essential ideas of computing

to all school students without drastically
disrupting the existing system. All we

need is some open mindedness and vision
among schoolteachers and administrators.
Computational Thinking is fundamental for
all, not just for computer scientists!

Email: soniag70@hotmail.com
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http://www.bebras.org

Resources

Teaching and learning resources for
computing education

Nikhil Agrawal and Aastha Maggu

e have curated a collection of resources (shared in the table below) dsesigned for self-

paced learning, teaching assistance, community engagement, and platform access.

These resources cater to children, parents and educators interested in hands-on
learning experiences in various aspects of computer science (CS) education, including coding
and digital literacy.

Resource

Code Mita

Let’s code

Scratch

CSpathshala

Hour of Code

Computer

Computing
curriculum

Computing
course

Google
Exploring
Computational
Thinking

science courses

Creator/
Curator
PiJam
Foundation

PiJam
Foundation

Scratch
Foundation

CSpathshala

Code.org

Code.org

Raspberry Pi
Foundation

Khan Academy

Google

Type of resource

Interactive CS courses,
contextualized training
modules for teachers and
curricular resources hosted
on a mobile application
Culturally contextualized CS
course

Visual, block-based
programming for creating

interactive animations, games

and stories

CS curriculum, syllabus, and
curricular resources

Educational coding: one-
hour tutorials on computer
programming and computer
science

Curricular resources and
coding tutorials

CS curriculum, syllabus and
curricular resources

Online computing education
platform

Computational thinking
resources repository

Skills

Problem solving,
computational
thinking and
creativity

Digital citizenship,
creativity and
computational
thinking

Problem solving,
computational
thinking, creativity

Problem solving

Problem-solving,
logic, creativity and
digital literacy

Problem-solving,
logic, creativity and
digital literacy
Coding,
programming
skills, problem
solving, creativity,
collaboration and
communication
Computational
thinking
Computational
thinking

Target
audience

Learners of
any age

Learners of
any age

Learners of
any age

K-12

Learners of
any age

Learners of
any age

Learners aged
5-16 years

Learners of
any age
Learners of
any age
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https://play.google.com/store/apps/details?id=org.thepijam.codemitra&pli=1
https://youtu.be/imo5dtjZ_WY
https://scratch.mit.edu/
https://cspathshala.org/
https://hourofcode.com/in/en
https://studio.code.org/courses
https://studio.code.org/courses
https://www.raspberrypi.org/curriculum/
https://www.raspberrypi.org/curriculum/
https://www.khanacademy.org/computing
https://www.khanacademy.org/computing
https://edu.google.com.mcas.ms/resources/programs/exploring-computational-thinking/
https://edu.google.com.mcas.ms/resources/programs/exploring-computational-thinking/
https://edu.google.com.mcas.ms/resources/programs/exploring-computational-thinking/
https://edu.google.com.mcas.ms/resources/programs/exploring-computational-thinking/
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