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TALTTAFTHALIEET: TN S Tl g a)iend | g afc SehRgRl gvasa Fid i Horan -
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¥q TG HRRGEIE e A SFMHEIG AEa: | A JiaeHa TSR e ae e
AR RIIAEERGUN T AT ATHETIISTR AT JOXHTE Jaea  Taresl IMaaaeagthe @, i
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JTTE TALUHTE T Fid qIAIHRIET TS THITEEER: HUIuEdid | ad: THRT: o
THIUMH, T & FRUTAEH TR A TG BT A AR ST ME o TehTEe Faaae™ard
LA 7 I TAATATTATER: T R T | AL TALTTHAOTAATERISTIT Fef =Sg=i-

THEY = A FOTE FEAs: A0 AISTamieed, S0 EyehRe @A TR e
SIC U (C] KE R L | 5 IR ] X1 AR KU MR S B e e B S ARSI E N e e F b I E R D U 2 R | EARE R O
AR T | 3EHd TRl WYURRIEHY, IhE aaas AYETaREEi=ioE- "I AR RIEsy
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TRARITET, O, A, THSRIS F THREI0 TaE: A& | ATIEn: I, YT, T9E: 9 e
A, IRIAIEORY = fo=ian: |i= | 9Rd AiaeR: Saaags: O 9 evieh vald, a9 9edq R
YR AT fefererawal: =r=i: Fan: qi= |

YIeETIh: gras

NENINHNERS IN I HIC R IC ERINEE T EIE PRI R ERIS 2 Rc e NI i i S i b U E L DR N o |
TeIE T YT ERATIARRAT g I=4d | e WA a8 AU Ag: Fghd: T woAd | vead STTEuvurRIih Watd
YeRRIh: TG il VATl eIl Watd | Ieash: ANl |id- (9, TEON, 1 9 a5 g
YehRT: Fiwd- AL, AJUMGR:, ASAEG: | EEAAT AT Ureiery 1% WTeaeiih: Yeatd ATHIET [urEar a7
afd | gh: e qade 9 G TS WAl | Iea¥eh: w1 veaed ALUURUHMTRAT SeTer e | gi: weaeh:
TN T TSI 1 el | ST e o iy TEReas Qe S veesh: | 359 g
TET Y ST, S, T 98 SANTIRGT a1 gl Weatiich: Yo FAAURURIRR: AT, i T e JUTAE=
FATHAIGRAT ad | VeERIh: HIVET: Jored Maan, g oo < W&eH 9 Weaid | 39 S Te-aa
TEGH AR, Id: G WRE: hael JRIgRT UF 6T Watd | WTeaeiih: Yeariadory ard, Jhg & U
TR fatafa |

IR A,

U AATH]- Y- AG--AT-SH-A G-I ¥eae e fafRe S | weaqmred Jm Seewin: |
yreavIieh: Yeae aadf arefyg amred A | SpdeamsRer gui = wregwih: Brem add | aer e g e
1 YANT: Wad dal FAATTad THT Wald ST 9ih: | SERadl- TEET: d¢ | FAH | 36 "TET" 339 3NE:

1 FETIRTER:, Tehd-afeemerAaarT:, BBAU F=afagfrmers:, 2 gerrsRTEE, feg e, IKS-Cell, CSU, J@amer:, Taegett
TGS |
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AT TEMERIY: | IST Fe veg: @ g oer o a@sd o7 TR qa1 Aeomihs: S9Ad | Sareuadl-
TEET A AT | I "ET T SR TMETE: A9 AU Iaeuededd Whe s oifE | wEHe
AR Wald-TaT Fe Weg: 7  TAqH 7 7 Tone Wch: ward, o frfer T8 e a1 gt wermratd
TN T ATFAR: TITHT Shl A | ST "IN Hee- Sufas: o1& |" o “THem=y Iufas:” i 7 e
IYaeH TR, it wmewiih, sifdsr = e

ARSI I AERTRAHEET

IS IR WTh: - ASTEAT Wich: 3= I = T | WSS — JaTd Ie8: TeTHTeTehy are
T | “3” I wTeavh: IaH €Y Hd | IR YA, STHH SATHA o THIOTEH Thalt |i=d | ey
A I THIUIEA S T Tith: Tohed SMEREA TS 31T | HHiEresiq Teeamede faRe = &
A iR arRta | St dedger THIEERR J, Id: O 7 ST a1 shetod JFad a1 FehIRaT:, g
Je: UF URTIRIT: | SGETH Teal: hael YHT: (W) T Ia=1 Fal fe a1 gof araiaehdt JerTerrrg = Sgatd |
TANTAGS: aGq Iq Yeal: hael Yoaal: Ud G, d Td TR Ui AqH 7 Agar< | TIAE AaAied Iq et
Iich: GG WM, O hdel ARG Td 9 Hai=i | SHeeH ¥eg: aae e Eidhd: add |
FARTAACHING T THa-Toa-ey Toa-Tommat: AiogH STei= | T J9Ty: RE: 9<H el F el
AT TR |

SR Fred: e Af

e, i, AEET: vardn: B vafk | sty awq: B Fuse wg e - g (@), e, ok
T |1 ST a%q, 'S’ Wea qUT Siaawrl JHH, Taa-UeadH aariesH A i, au Head Bl R
o o STTarwaehar IR 12 e Afea: e Ui wee:, wEY sy sifveE: i 13 uane e ol e =
e v e, @fke:, U8, 99 JoumEE e 9 9 veae: 9 9 v wER e | e
Ies R D I o AU UL D DI & p 1 b et PR (o =oe 12 S 0 P ) B e 2 Pt R | I R =
AAHHRIAAEIATARTIRT: I T Fiw<d FT: | 3T IRHI AR 7 SATHUAH | SRR awque Heatd a: 73
q: ST S oA 1

ST i

ATARIYTRRTE: FHITH: HEATIGTT: STNTH 3 2 | Tt SHETH: Jeredol s7iig foga: s aaty q& siferent:
HRT: FHhareldl: Tl | T8 ANHE 7ew 7 9 YeaEell g TUagHN Ae-iad | 37 ST=RAE0
YA ANH 3 I | TETT eee 372 Fleid e o IRadd Ay a9 31 99@: g f[asfq o| 1 omm:
AT 3 S=A9 | T SIS Ao ey qefy e SRS | ST AT eRET Gy U YT Al
TER Y weey Tghagd 7S TERRY e | TeieAE WRafdiegid: WIS eifedasd: | - | ey
TTHITORRI Id: T FHFHRETT IR T 9 |

KR IUER R EA PRI R ERRIERS L ER )

ey SAAUTTUTE | At | ek JRY I arehaTeARIh Al | T JEehdlq 3eH 99 weeend: 3
T, ATELAA ITRIEIH: T AR | FAT HRIYTIaE]+ |iw AT AR =R TG R Aevead]
T AR | FISAT AT T AT | ITHH AR - HesArgdl Tehdailie Weaadl a&g Tiqariead: 15 &l AW
Te5:? TFaeIhi-iaR 372 Se™i I aq Wea SoAd | WA aaarmeay Hage wes: 10 et e
ot waf- afe weeie: ofE afe i) WiagHRid | Teewese S aeATIawy wiades |17 aa weeHe: W

1 TelIRATideR/R/8/ b/ 6¢/9¢/33 SEYAH- TH-TUSEATA: a=T — 4 ST 8/2,2,8/¢8/% AT O S T TR TeTohTeh-
e IERTETRrE Jearear=e: | TR AT FAHAEE SeasaeIsdan:, T yeadedig
2 OIS %/%R/94/34E/RY SaTel Saeredl siaved: sdead T | AU TSR ST : |

e SRR | 5 U@ TRESE 3/100

3 TR/ AT/ 3// % TR0 Brenfadaat 6 RITEIEHS 14/178/30

qHIYE. . | 7 gatdfafs 1/33/144
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Ja d¥E: Ul ahedaRg Mg 1 wewRR garsdde T2 gmew: awhen: @i deed: wean |ied B
AAAHIGIET e e = Fuged: | GiR: Tiauel T afaveared o 14 AT TeaT: JEHET: TR Jaiw 15
FATEl: AR MY Fv=H 16 U4 - e A F T M e wUq A aeeh: Waq?
I - THIUT TR 98 TR AT =iy e AU ITUh HiaqHerd? 9d Yeal: HEATEH: TF Hixd | Gardi=i
q AT YT ST ST o | ¥eate 96 I8 Ud, ST H: SEaIsaSaa el |7 e 9
FTACITIIANYT AT | WAy e wss: 18

SR ITeERIih: ATl A AFETY fORIvd: THoEgan: TH e | SOl Ies: qreaar
TRUR S, I T WRAFSRH: e IR | SR weami 9l drieeh SawieEid o 94 |
SIEEHT ATdiehd dgadral S, 3d: TEHEDRIVTTHNRT T 3T STaTH AT | Teal: shael A e
VAT, T THAA U Toh- A Ha-AEATIE ARl AT | SHaw Weareial: qw: e ooy
Fad, Ml kAl Udiehlcehd, aui fFEd:, wmad: sl i =i Wigd ua SHyd vTeavihiaar: T gad,
FUFATETE!, ARG = A, I AT JE T AT FGTH Tewq0 JHTEH Watd |

RERDE R

o, (n.d.). 7AFUH. (Gita Press Edition).

o™, WeM. (n.d.). Fer9raq. (Critical Edition, BORI).
eeia™:. (n.d.). FFFoF~7rq. (BEd. & Trans. by M.R. Kale).
o @Y. (n.d.). FTFERTE. (Ed. & Trans. by G.K. Bhat).
oaHE:. (n.d.). #&@¥. (Ed. by P.V. Kane).

S HTFTCHS I AT, THIE-2R\98

e TETRATIoh, TFIT. | Fo] TS, JHaHE! TH S, 1946.

o TTSETAHIHIET, T, WA ATt S, feeedt « oo Wehre, 20009.

g U9 @ My
o Apte, V. S. (1965). The Social and Moral Aspects of Sanskrit Drama. Motilal Banarsidass.
e Kane, P. V. (1941). History of Dharmashastra (Vol. I, Part I). Bhandarkar Oriental Research Institute.
o Altekar, A. S. (1959). The Position of Women in Hindu Civilization. Motilal Banarsidass.
e Sharma, R. (2011). Feminine Sensibility in Sanskrit Literature. DK Printworld.

® Mishra, R. (2006). Women in Ancient Indian Literature. Eastern Book Linkers.
eJoshi, L. (2020). Reinterpreting Women in Classical Sanskrit Texts. Oxford University Press.

2k 5k 5k 2k ok Sk 5k 5k 5k Sk 5k ok ok Sk 5k ok ok bk ok ok

1 ST 1/6/5/34/18 5 FTTdRATIIET 252

2 AT 1/33/10/98/31) 6 FYIITEE 1/13-14

3 STHHETET 27 7 TaTdeR 1/26

4 AT 1/6/5/34/18 8 TEEHS 14/179/29
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L FA S M LG NP E P LI E R E R A
feremeeeth, fwwe: foe, e

TR

Rgrier 3fa Fem Rgrasdiiaretasg) difern w2 diafomn fam: | diafa: (0 AD) aER9RdE:
TS TR SENeTRt: B o= | ieRlieRord, Tomiaen, FeRer:, SR A= 9
TEAE | T T2 REsier sTa=t He@ul: EeeTeSd Tag oee a9 g | e a9 e
FAFT: | | AY FACRAH AR FFRFOMIEAE A | Taaad=y 3 TI™ Fmg AR T
TATIHTNRI a1 SYFHFOAIT AT ATAIT | TARYH AR T Y HRTOesdl TehdeReATH ol
T BRI SR | S IO SRR 3% YRR ERE MENaeE aaederd Oy
SgfETOae s e |
FioRE: — &9, P, 3o, e, Sl
FETAGUR]

IR TR @ a1 Seai: @ 4
TGS a1 WEahaTg RIS o=
I T ARATGANN T AERRET: 15
IS FqY el AT ST AR SERTSSRA TSl SRl WAt uq 9 ErTst e
FAFAENGAT | Toheq  TqSIEET FqY YO TN S AN SEREYS Ul Al WAt <Iq SteEr
AT THFT WAl = T SFARMS YT &= T |

B
/™

R ¢ : STRATEY: TS T A
REH QA p, g, r, s o TaF ¢ FOI: AT | B[S qeaaqisiat=<A (Triangle Inequality rule)

SFTTTY: TaehaTel:, ASEE = gl FEulg ey |
e IqS ABC tag ACD Freivit add | ABC B,

p+tqg>t
p+tq—t>0
q—t>-p (2)
| QTR T SRS, ARAAT R &, g 3 FEREETEH (RETasiaeRe®), Sfay-areg e,
2 RgTastfreeme fremamiia(Ph. D) -shersstet:, Sy -arg e rT: TagERa e, feaf: (smmR:)
T aeEer:, fet: 4 TR SRTERRTOTR TR Ui T ey |
5 TETaRER: 23.36-R9
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—t=—-(p+q (R)
g ACD B,
t+s>r
t+s—r>0
s—1r>—t (2)
(3) TH GHER () THIHEHUR IATIH,

p+tq+s—r>0
ptqt+s>r (%)

I TRNOT TATRITERYT STRATEHET0] S |
p+q+s<r (W)

I gt () Feeft fRafe: sl =g uag steem 3= |

Prysegsa: waraT
ASTHATEH & =R T et garpHas |
Y AT TR FAUG Prergyerar: wee It
I T S ARTEnd Sy @Y @y | G JAeRd e Sgit: 99 €9 w1 Jgml
T FATR HAT AT T Ea Tol BRad aal aq s el THIawd |
g R T S AR Sy Y R | Y By Sy Rt wer JUmned Bse
rfrdSEiat wrifr | =g @ =nftd v qde =Ty | Taet Iqet et Sy Bse we qafd |
TATRTTHROT THIRUTH SALNHIGEIRNOT TR —
a+b+c (8)
2

S =

GHIRT (&) WA s BT smoTt =i aene add | 37 A WA e S R |
TAERT IS STFAETETRA: U (\9) TN TETRIHRUT BIoe SahadIeq e Heaare |

Ay (Brgst& &we™) = /(s —a)(s — b)(s — ¢) (9)

T AT s T TG0 FaArd | Aol oIl AN 31 s €907 WiFadred | 3,
atbtctd (€)

S = 2

TAgIgS AqUST AFAhH AR | e —

1 RETRET: 93.3¢
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A (FIYTE &) = ([(s —a)(s —b)(s —c)(s — d) (?)

Bretas stener: e JHEg
RUERIERREREL CEEE RERCRS SOl
RACE BB CRING IR SIENE e fo e
Bragerery 4t s, el s sremen: @i | 91 a1 Be a9 ug gy | 9 yitmeend wreed
TR | OAETARR SR 9o = Iehel A%Id aq U g, 09 Jag Y | J A& Jad: |
STATET- YT FIRIS ARl Ward |

B z D y C
c

e R : BySTEs StaneR: TR SE

REH I WA, a, b TG, ¢ W, TAF | TEHR! T4 | A& TARLERT S AL AR A=
FAFE | 37 (20), (22) TATAN: THFRURHE A, A, dEE 9ad: | TaF  (2R), (23) TN THHOEAMS
A | dE: aqd |

Ay oy = 22 (20)

Ay (3rarem) = a22—6b2+% (22)

L (e:) = \/bz - 4, (2?)
EREll

() = \/az — 4, (23)

HTEH T’ UfrTieay ARATATY SRrTE: ol Hafd 12 SHrEo Aot e Toaaragedd I
foa: wiquried: 13 srenfe ST wEEREEE TUAHREFEEES a1 I (%), (3Y)
THEIRAT: Ay, A, AN Had: | T (28), (29) FHIHOMN: | el aad |

1 FRETRE: 93,39 3 TMOAAREFE: 9.%%
2 FATEREEET: 22,33
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A, (3rrmem) = %[c + (atb)a-b) b)c(a _ b)] (2%)
Ay (o) = %[c Jexhesh b)] (2%)

| () = \/bz i (%)

() = a2 — 4,7 (Re)

I AR G IHARMY P FHEHA |

T AR
FEIsiEerary SgsaTey It
JH-E: o e T A Iqys S WAt |
e R 7, 2 H9, b i, Uag A S0 WA | YARMERET (3¢) TH GHEROE SU9Ed | Uaed
TR SFAFAIA T HaArd |

A_(sgefore ) = [a ; b] h (2¢)

TAEH TR JATFT==0T IqqTead |

Bryee e dhaaneEy
TIIT AT agAaT it e

1 fgaRIeE: 93.3¢0a 2 RERE: 93.30b
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Ay (Fisgren svers) = g x h (%)
(232) TH T b giH:, A TR WA |
PSS TR

Frag: urhemaey we wa e o 1t
Prsier el Yol =iy aweh e <d geats]:2 WA |

R ¥ : PSS TR

Ry vell, AE=™: (AE = 2r) @iFd: | AAEB, AACD 981 Wad: | 3(d: 3T,

AB _AD
AE ~ AC
AB _AD
2r  AC
AB X AC = 2r X AD
_ABXAC cd
"STap " n
Cd (;20)

r(RAS:) = Sh

(o) TH THIH ¢, d Yo Had: | A T WA |
T URIOTITY IV TR HIeH o Yo0d | UAedH ] e (h) THH SaieaH |
TR ¥ STTANOT TRy AENHICEERIOT () T HHIHT UT@ —

1
AA(ﬁgma?er)=§xaxh
ZAA=aXh

1 RgTRIa: 93.3% 2 TEILSAM circumradius (F0%:) |
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I (o) TH THIH () THEHI ORI,

_cd a _adc (RR)

i () T T SUTEQ | Uded ST geaisianene 5 9 wala |

FEHEQUSE (Cyclic quadrilateral with equal sides) TSRS
=Y gferdagaee =T Ty aEee
FYSE FU qrHATRIY G g T AR I TeaR]: AW |

D, . T2}

A - —B
a :

[RELRECLE K LR SR DR

ISSN 2348-7828

e « A A T@F:, UAF a, b, ¢, d Yo aa= | T TARHENTT (I3) TH THIROTH ITTEA |

X b X d
T (@) = ZZh - y2h =

(33) T HIET y, z FO & | UAF b, d ol @ | A &G A |

RS (Cyclic quadrilateral with unequal sides) SRS
AR TG gaeFered oo 1§ aal 12
FroraTgEqSE wfhaTen: sy aErTer e TR vt |

1 g 23.39 b 2 fgTaRIE: 93.3%a
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A B
a

REE CRERUERK SRR SR CILEE
R € B 4, b, ¢, d FATHEES o ad= | ST TN SeAIhTERoT STeiies

(?%) THHERROTHTEN TEaRs: TTE WhRgd hilad |

BT (1) = %w/az +c?

EPC)

1
—_[p2 2
=3 b%+d (2%)

RIS ATHHIETH
FIHT BATSH TS Tl afegava: WigE: It
Taats]: () g1t o afegaed (PrsaiaTas SgysIaiaTae a1 gas) @l Jafd |
(W) TH HIHOl J A A | F=d o |
rx2=d (R4)

ROy TaTAEEeS = HureTy
fegeaeete SqySy Wl el FEEHERY |
NG F ISR e |12
AT aqYoT (TAMTRAQYST) TaAERAqYST (&) = qE-AITaTgaTaarT el Ul Had |
oM & AR fEqeaagaqysta worared had | ©E BD &0f & | a8 91eaq A EHeRR

R -
BD? = DE? + BE?
= (AD? — AE?) + BE?
2 2
_ g (a—0) 4 (a+0)
2 2
=d*’+4a.c
1 FETRIER: 93.33b 2 TETRER: 93.33
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R ¢\ b = d ARG | 374, d? = b? TAMY AT I | 3,

BD = y= +b%+a.c (}%)
watd |
g FuriE
- et
e IREICET URI fRem amg |
I YeTHeTEer: 9

Furitent R Fvmermgiss o
o aTgEgS WA FUMTST AT sl Waawan{sal: 9UE 9UE =6l Fal R SR | T
FIFIEATY IHATHTRIA!: SRR i | U9 s Uersd TRER Wisid R | eahel S-S ysrt: =aa:
T T | AT fereng g s i @ |
TEM & 9 4, b, ¢, d W&, x, y FON & | TARMERYT IHARMY FOMET: qIEgTH AAHEEA: (9),
(¢) THFOEL: AISEA Tevdd —

__ (ad +bo) b (Re)
AC =x = (ab+cd)(ac+ )

(@b +cd) . (9)
BD = y = W(GC + )

ERIZ R NE I
Treprra ST dihd Qanie: gge: 12
e 3 Z: qEvd g R =g ggen: e auesEd |
c (UfE:) = d? x 10
= W10 (22)
= 2r+/10

(%) T8 FHIHOT ¢ Uifd:, J=m:, romand aad | 99 ey | 95y Moy V10 = 7 s AideafE
| AfE TACE W STE: (IR) W THIERO! RAT@ dfe 27y 3fd WAt | Uaed e at=i=or gue aiiememed
T | o o tfdeh e afg et werfe “wra § ot s e Sf sheerm sgerete 13

1 TR 3.3% 3
2 fAgTRET: 93.34%a https://www.ijtsrd.com/mathemetics/other/50621/%C
F%80-evolution-of-in-india/dinesh-mohan-joshi
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JAD SARATTIT
reprrerter SqUWTTamTesTaT= 98 el |0 It
feorshaerte (sargenter) srquferer a7 aety: qgod g fhad = 9e eethel FIAE |
(30) TH GHIE A, JIH SARAHE | d AM:, r ATAGH AT | TAREARIT AT THIHOT IO

EARTEE TarRiad |

A (37 é7sem) = \/(C% X 10 = d{m

2

dxd d
=%z XV = (5) X V10

=rxrXx+y10 =102 (30)

TAH SATET
FAATNEATIHHIG S : UG IS ST Hawq, 12
AT IR (IhH) Feed TR agod Jol Tard Fid S Werd |
¢ (sa) = \[4h(d — h)
e @ 7l By ADC'Td CDA 991 & | 31d: ST STEHISEUTRITERT SaTieH Faq —
CD AD
AD —CD
h c
__2

2 d—h
C
— =h(d—h)
¢ (3 = J4h(d — h) (32)

(32) TH FHIH! 4 AT, d JAA: Tad ¢ 1 qad | 31 s |

<
2

o o — =TY-TR-SA1-AEEH QST

IRETETH

1 TR 93.34b 2 TETRIER: 93.30a
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A ST HIe A IR: | It
AT ST GRNET Tl Tt aed 378 Hhq | a1 Iohe] AW O AT AT = ITR: (IShsA0)
THIAR |

h@w) =d-— “dzz_cz
(d+c)(d—-rc)
By eevs

(3R)

I IRETEASTY B © T SN Fa: | (3R) TH GHIEO J AW A, ¢ S A |

HATEETETH
StargaT IRAGAHR IRG AT g 12
STaTaT: ST 3 IRAIIT HAIST IRAMA [F9sTd qa1 A THIAR |

(33) T T TATRITERYT UFAIEaHTed | THERO ST, ¢ ST, A IR 31 |
)+ ®
h

37 T A% c (3) = J4h(d — h) TF WFAHERA | 3T A (33) THIHERORT 3UUT:

d () =

T | 3,
C2
d—h=—
4h
c? =4h(d—h)
CZ
5 =hd-n
= hd — h?
c? 5
2 S th=hd
C
- +h?
d (=) = 2 ()
h
3 B5 |
g IRETER

ST qAT AR IS TR foedt o & 13

1 RgaeET: 93.3%b 3 RETaREr: 93.3¢b
2 TETRIER: 93.3¢a
- 64 - 2025 VEDA-VIPASHA,VOL.12




ISSN 2348-7828
FIRATHY: Y Wald qAgREeAral AETATOH GoF G e ATHU FFoad =i Thed T
TG MATIHIRERERH [G9sad qal qagaal: IR g2 Jordaa: |

R ¢ - Try: o gaan: IRATET

= ¢ 91 AD, BE g9aAE Wad: | BD T adqd | TARIERYT (34), (36) THEROl IUTEd |
FA: gHEuE: BC, CD ¥R = |

B (AD — BD) x BD (3W)
BCG™) = ZaD —BD) + (BE — BD)
e (o — (B = BD) X BD (3%)

(AD — BD) + (BE — BD)

EINIEEEE
FTHGHT: WO S{Ierer o ot el = |t
I SEfW: WO S YA gl TEN Fid S e |
Toleh TG g AGHFRAAT (319) TH THIHO! FERiaH |

a (AMH) = /6h2 + 2 (39)
ST FHIHT 2 ATH, A TY: TG ¢ Sial add | T e 9 T& Sacliehiag I |

TRRIRYT TY(IR) AL
SR ST eRITEIEIeT ArQul: THIOM 112
- SN fq9sa 9ol PRI |id g9 THIOH F3d |
(3¢) TH GHIHUT ToAleh I TOTT WirdIeard |

h () = j“z _ (2)

ST FHIRT /2 TY:, 2 94, ¢ 1 9 Fad | S T =eM © 33 T Fa: |
ST

1 TR 93.3%a 2 TETRER: 93.3%b
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I FASTUTR TS THIR HTHUIE Siar 1t

TSI SSIOTTRERT ened gt TR | Sial FIaed |
c(sar) = \/a? — 6h? (39)

(3R) TH FHIF ¢ ST, 2 &:, A 0N T | ARHA TG ST = © Taarem-ag |

AT
I RN FAT T W™ SYRWR: |12
FATIATE TRAT GRied FforaeeT fqvsad =iq SAHEH Haaad |
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The Analysis of Four Fundamental Mathematical Operations in Ancient Sanskrit Texts
(In perspective of Addition, Subtraction, Multiplication & Division)
Prof. Daya Shankar Tiwary!

Abstract :

The basic techniques and principles of Mathematics were exceptionally advanced in early
intellectual tradition thus mathematicians of the present time are increasingly interested in discovering
the knowledge of ancient India. In Indian mathematics we find concept of zero(Shunya), numbers and
numeral systems. We find origin and description of four basic operations in the Vedas, Brahmana
Granthas, Ramayana , Mahabharata, Vedangas, Shulbasutras, Aryabhatiyam, Lilavati, Bijaganitam,
Brahmasphutasiddhanta, Trishatika, Mahasiddhanta etc. Rigveda (1.164.45), Yajurveda (18.24 and
18.25), Atharvaveda (5.15.1-11), Maitrayani Sambhita (1.10.8 and 1.5.8) etc. focus on the root of four
basic operations and later mathematicians have explained these functions in their own ways. Four basic
operations are also the essential exercise of Vedic Mathematics written by Swami Bharti Krishna Tirthaji
Maharaja.

This research paper highlights the analysis of mathematical facts from above mentioned ancient
Sanskrit texts for four fundamental mathematical operations. We must integrate the gems of ancient
Indian mathematics with the principles of modern mathematics.

Key words: Vedas , Shulbasutras, BrahmanaGranthas, MaitrayaniSamhita.

The Vedanga Jyotisa of of Lagadha (1400 BCE) firstly focuses on the significance of Mathematics:-

T TRR@T FEROTE ARTHT FOTT AT | T8 AaTg LTeoT o JE f=Ras

(Vedanga Jyotisa -verse 4)

i.e Mathematics is at the pinnacle of the Vedanga shastras like the crests on the head of peacock
and the gem on the head of cobra . Ancient system of Indian Mathematics may be called Vedic
Mathematics. We find references of four fundamental mathematical operations in the Vedas. The Vedas

are the source of whole knowledge system (vedoakhilo dharmamualam).

The Vedas provide us mathematical operations in the form of words or language which are spoken
and not in the form of signs (symbols) which are used in the Rigveda (1.32.14) — “nava ca navatim ca”

Origin and Development of the First Fundamental Mathematical Operation

The Vedas provide undeniable references to numbers. In the Rgveda (1500-1000 BCE), Ekam and
Vinsati numbers are mentioned -

T = A T = S SR SIS = |

TET T gt Rrenfa afe: ¥R: wiHgnies T Il (Rgveda-7.18.11)

In the Yajurveda dated approximately (1200-1000 BCE), a comprehensive list of powers of 10 is
presented ranging from 100 to 1012. It is clear from the following list given below-

100 -Ek, 10t -Dasha, 102 -Shat, 103 -Sahsra, 104 -Ayuta, 105 -Laksha, 10¢ -Prayut, 107 -Koti, 108 -
Nyarbud

109 -Samudra, 101 -Madhya, 1011 -Anta, 1012 -Parardha.

viz. Addition of nine and ninety shows the number nava-navati. i.e. nine ninety. In modern
Mathematics, addition can be presented as 9+90 = 99. Here ‘ca’ means ‘and’ as sign word. In the
mantra of Rigveda (4.26.3) “nava sakam navatih”, there is addition of nava (9) and navati

(90) which is equal to nava-navati (9+90 = 99). Here ‘sakam’ denotes

1 Professor and Sanskrit Department, University of Delhi.
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‘together’ which gives the process of ‘addition’ (+). In the Rigveda (1.95.1), Agni has two forms
first is hari and other is Sukra; 2 is analyse as 1+1. Rigveda 1.164.20, 3.30.11, 1.13.9, 1.164.44 deals with
combination of 1+1 and 1+1+1. Rigveda 7.18.11, 1.45.2, 1.34.11, 10.72.8, 10.72.9 describes the number 21
as an addition of 20+1, 33 as 30+3 or 11+11+11, 107 as 100+7 etc. Taittiriya Samhita also mentions
additions of 12 = 10+2 or 6+6, 14 = 7+7, 24 = 6+6+6+6 etc. In the Atharvaveda (19.47.3), we find the
series of 99, 88, 77, 66, 55, 44, 33, 22 and 11 (constant difference is - 11).

Aryabhata-II (910) in his Mahasiddhanta, defines addition as the process of combining several
numbers into one. Terms like sarmkalita (made together), samkalana (making together), misrana and
yoga (addition) etc are mentioned by Aryabhatta II for Addition. Sridharacharya also throws light on
the sankalita vidhi-

Tk YETeqUGETHRITEeRA Watd Eehterad | (Brerfe, erferatater ga-1)

Rule for finding the sum of a series of natural numbers:

Sh=14243 +...+n=n(n+1
2

Bhaskaracarya-II in his Lilavati says — “Add the figures in the same places in the direct or in the
inverse order.” Many ancient mathematicians have provided methods for addition such as-

Brahmagupta (628) in his Brahmasphutasiddhanta says — “the sum of two positive numbers is
positive, of two negative numbers is negative; of a positive and negative

number is their difference.”

Like this, Mahaviracharya (850), Sripati (1039), Bhaskaracarya-II (1150), Narayana (1350) etc have
given laws of sign for addition.

Subtraction : Origin and Importance

Like the process of addition, only some examples of subtraction are available in the Vedas. In the
Rigveda (1.164.45) — “catvari vak parimita padani.....guha trini nihita nengayanti turiyam vaco manusya
vadanti,” in which the remainder ‘one’ is accounted for when ‘three’ is subtracted from ‘four’. In the
mantra of Rigveda (10.72.8-9), there is reference of subtraction i.e. 8-7 = 1. In the mantra of
Atharvaveda (10.21.3) — “ma tvavato jarituh kamam nayih,” here root Bin which gives out the
derivative na meaning ‘less than’. The noticeable examples of the word ina signifying subtraction are
the number words eka- dna-vimsati (19), eka-tuna-trmsat (29) etc. In Taittiriya Sambhita (7.4.7) for 49
“ekasamanna-paficasat” (= fifty minus one) or even “ekasyai-na- paricasat” (= one remaining for fifty)
is mentioned. Aryabhata II (950) has defined subtraction as — “The taking out (of some number) from
the sarvadhana (total) is subtraction; what remains is called sesa (remainder)”.

Origin and Importance of Multiplication

The Rigveda (8.96.8) refers to the multiplication of 3X60 = 180. In the Yajurveda, even numbers
series of multiples of 4 [4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48] are mentioned in the following
mantra —

JaE WSl 9 HAS 9 H eV 9 § TR 9 H ey 9 H ey 9 # fway ¥ iy ¥ agewiy ¥ ageeig
HATIARIIY HATMARITY H FIERr § FIEe= | UG H U § J@iers § Jdime= § agganer= J
FTHATET HATEHATA | T3 head=a || (Yajurveda — 18.25)

In Maitrayani Samhita (1.10.8, 1.5.8) 12X3 = 36, 12X2 = 24 have been mentioned. In 7aittiriya
Samhita (7.2.11-20), we find multiples of 2, 4, 5, 10, 20 etc. In the Atharvaveda (5.15.1-11), the multiples

of number eleven have been clearly indicated. Term for multiplication is gunana.
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The term **abhyasa** plays a significant role in the **Sulba satras**, which refers to addition and
multiplication. In these ancient texts, the multiplication components are distinctly named: the number
being multiplied is referred to as the **gunya**. In contrast, the number that multiplies it is known as
the **gunaka*™ or sometimes **gunakara**. The outcome of this multiplication process is called
**gunana-phala**, which translates to "the result of multiplication.". Many methods of multiplication
have been propounded and processed by ancient mathematicians such as Brahmagupta (628) mentions
four methods:

gomutrika, khanda, bheda and ista. He says: “The product of a positive and a negative (number)
is negative; of two negatives is positive multiplied by positive is positive.”

Origin and Importance of Division

In the operation of Division “dwidha, tridha, caturdha, paficadha and ansa” etc., words of the
Vedas are found. The ancient texts of Indian mathematics reveal a fascinating understanding of
numbers, particularly the division of 1000, which is discussed in three distinct parts. The concept of
fractions, significant in various calculations, is first introduced in the Rig Veda (10.90.4). Here, fractions
are expressed in terms such as 1/4 (referred to as "pada"), 1/2 ("ardha"), and 3/4 ("tri-pada"). Further
elaboration on fractions can be found in the Maitrayani Samhita (3.7.7), which expands the vocabulary
of fractions to include 1/16 (termed "kala"), 1/12 ("kushtha"), 1/8 ("sapha"), and again, 1/4 ("pada").
This early exploration of fractional values highlights the sophistication of ancient Indian mathematics.
The decimal-based system is notable for its use of compound numbers, which demonstrate a strong
grasp of place value. For instance, 11 is represented as Ekadasha, combining the words for one ("Eka")
and ten ("dasha"). Similarly, 21 is called Ekavimshati, meaning one and twenty, while 27 is expressed
as Saptavimshati, indicating seven and twenty. These compound forms signify a clear understanding
of numerical hierarchies and the foundational aspects of the place value system. Moreover, the concept
of zero, termed "shunya," is symbolically important, as evidenced in the Rig Veda. The phrase “rupe
shunyam,” found in Pingalachhandashastra, dating back to around 200 B.C., underscores the idea of
zero within the context of generating quantifiable measures. Additionally, the Vedic numeral system
reveals an intricate method of expressing quantities using the digits 1 through 9. This system includes
a series of powers of ten, such as "dasha" for the two-digit series, "shata" for the three-digit series, and
"sahasra" for the four-digit series. Furthermore, terms like Dvidashati (where "vimshati" means twenty,
thus representing 2 x 10) and Panchdashati (with "panchashat" meaning fifty, or 5 x 10) exemplify the
systematic approach to numerical representation. Collectively, these concepts signify that zero is not
merely an absence but an integral part of the sophisticated Vedic numeral system, reflecting the
brilliance of ancient Indian mathematicians.Vedas are not texts on mathematics but mention a lot of
mathematical concepts. Brihadaranyakopanishad (2.5.10) describes the number of mysteries of /ndra
as ananta. Vedic seers were acquainted with the concept of infinity. They were using several words for
infinity as Ananta, Pirapam, Aditi and Asamkhyata etc. Asamkhyata is mentioned in the Yajurveda
(16.54). In the Riveda (4.35.2-3) “caturdha” has been mentioned as 4x6 = 24; 24/4 = 6 or 24/6.

Division is a mathematical operation described by various terms, including bhagahara, bhajana,
harana, and chedana. The first three terms mean “to break into parts” or “to divide,” while harana
means “to take away,” highlighting the connection between division and subtraction. In this context,
the dividend (the number being divided) is called bhajya or harya, the divisor (the number that divides)
is referred to as bhajaka, bhagahara, or simply hara, and the quotient (the result of the division) is
known as labdhi, meaning “what is obtained,” or labdha. This terminology emphasizes the principles
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behind the division process. According to Brahmagupta (628) “Positive divided by positive or negative
divided by negative becomes positive. But positive divided by negative is negative and negative divided
by positive remains negative.”

Conclusion:

So, the basic techniques and principles of Mathematics of ancient intellectual tradition are relevant
today for the students, researchers and erudite scholars of modern sciences in understanding the origin
of Mathematics and its importance. This knowledge will bridge the gap between ancient Indian
scientific tradition preserved in Sanskrit texts and modern science education at the universal level.
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Value Education: A Discourse
Dr. Pawan Sinha’

Abstract :

The thinking of value-based education is one of the biggest needs of the times. But putting it into
practice is not as easy as talking about it. There has been a lot of talk about this for the last five decades,
but values have finally remained a part of the curriculum. Values need to be defined scientifically so
that they can be put into action. Values are principles that cannot be certain. Barring some basic
principles, most of the values change according to the country, time, circumstances. There is a need
to define how value-based education will work in subjects other than moral values. For example, how
values will be incorporated in the teaching of science and finance, management etc. Value-based
education should not be for teaching values, but training in how to establish values in life. The present
article presents an account of the thought and implementation of this value-based education.

KEY WORDS : - Values, Education, Value Education, Value Based Education.

Every moment of life gives a new experience and reveals countless dimensions which have
continued to be unseen and untouched in our life till now. New experiences always bring with them
new possibilities. These new possibilities can be - to redefine life, redefine society in terms of a new
definition of life, redefine education in the context of society and again society in terms of a new
definition of education. And then to again redefine life. I don't understand how this cycle develops?
How do we go from life to education and then vice versa? This fabric of life, society and education
seem incomprehensible.

Perhaps there is much that is yet to be revealed by experiences. Its simple implication is that the
experiences should not be considered in vain and out of them the things of their meaning, their work
should be kept with them. Out of these experiences, | remember one experience which again pushes
me towards understanding life. It is not very old, but it is not that new either. I got the opportunity
to work with the children of a settlement and interact a lot with them. This settlement is 'fleeting' like
life itself. Don't know when it will end! That is, the settlement that is there today, may not be found
there tomorrow. The bulldozer can and does run at any time. These children were talking about
keeping the place around them, the settlement clean and being clean themselves. There was talk about
how the cleaning work could be done. In this, a child said that we can stay clean, we will not even
allow garbage to accumulate near our settlement, but tell us what to do with those people who throw
garbage near our settlement. Then the 'Nani' of a settlement who is the grandmother of the whole
settlement - took courage

Gathering said that every day from those rooms, big houses, vehicles come full of them and throw
garbage here as if we are a 'litter house'. Should they do all this? Is there no lesson for them? Now tell
me, what is the solution? The question was too complicated for me. Sitting together and searching for
the answer to the question, this question kept on raising many questions along with it. The question
is whether cleanliness, honesty, living yourself - letting others live, do not harm anyone, etc. are only
bookish things or do they have any merit? When we go deep into these questions, it comes to know
that earlier everyone used to live together. His sorrow is my sorrow, his hunger is my hunger, his
house is my home, his children my children, there is no discrimination at all. How can someone clean
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his house and throw the garbage of his house near someone else's house? Where have their values,
their values gone? And where has the understanding gone, those who risk the lives of others' children
to provide clean air, clean environment to their child! Where did their values go and where did the
value of education go? Before moving on to the discussion let us also look at the concept of
'value'.
Concept Of Value
[t is not only extremely difficult to see and understand the concept of 'value' in any one bound
and necessarily fixed framework or model, but to do so would be a devaluation of the 'value' itself, an
injustice to it. In fact, 'value' is understood and used in many ways. On the one hand, it is used in the
form of 'standard' or 'norm', on the other hand, it is also seen and understood in the meaning of
'intended’. Values in the form of 'standard' or 'norm’ or 'intended' are the basis for commenting about
any behaviour or action at the individual, community, society, national and international levels. Not
only this, but they are also the criterion on which various behaviours and actions are judged - not only
for others but also for one's actions, the direction of decision making.
International Encylcopedia of Social Sciences (1968) defines values as a ‘set of principles whereby
a conduct is directed and regulated as a guide for individual or social groups”. Values defined by Good
(1959, p.636) are “any characteristic deemed important because of psychological, social moral and
aesthetic considerations.” The Vedanta says that the soul is covered with fives koshas: Annamaya,
Pranayama, Manomaya, Vigyanamaya and Anandmaya. Hence, when anybody frees themselves from
the demands of these koshas, he goes higher and deeper attainment of knowledge. The highest is the
value of Mukti (liberation of the soul from the bondage of the cycle of birth and rebirth) and the
union with the God, the Brahman. There is a hierarchy of values that exists according to Indian
Philosophies. The main of Moksha which is acquired by the acquisition of knowledge, the performance
of social and religious duties and above all the formation of character. The term “Purusharthas’
suggests that man consciously and knowingly seeks the realisation of values. Hence they are human
values. They are not merely desired by man but they are desirables. They are worthwhile experiences
or objects. Human awareness of them and their deliberate pursuit makes them human values or
Purusharthas. Thus Purusharthas are human values because they are consciously sought by human
beings. Besides, they fulfil specific human needs and interests. They also do justice to all sorts of
demands which stem from man’s multidimensional self or personality. The four Purusharthas are:
1. Dharma: Moral values such as duties, virtues, etc.
2. Artha: Wealth and political values.
3. Kama: Happiness and Aesthetic joy.
4. Moksa: Liberation or true Self-realisation.
Ved Vyas says in Shanti Parva, “The man of dharma removes all the impurities of the mind and
all stains from his heart. He is free from falsehood and does always good to all.” In Dharma,
everything is established - the five qualities preceding Dharma are truth, tapas or spirituality,

shama i.e. control of senses, dama - control of mind and lastly daan or almsgiving.

Values are certainly an integral part of any culture and culture is an integral part of any society. In
this form, values are also embedded in the fabric of society. Values cannot be taken apart from the
social fabric, nor should one be 'dared' to see. It may not be wrong to say that values arise out of social

interactions. They are manifested by folk behaviour. An interesting fact about values is that they are
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related to 'perspective'. Values bound by the range of perspectives help one to understand what is
right and what is wrong in a particular context. What is good and what is bad? What is good and what
is bad? In this sense value is a relative concept that is continuously influenced by social, political,
geographical and economic conditions. What is right in one society may be inappropriate in another
society. This point is also worth considering from the point of view of things, events or actions. That
is the extent of the value that they attach to the perspective. Sometimes the values are also relative to
the era. What is meaningful, relevant, or intended for one era may be meaningless or irrelevant for
another era, because eras change, times change, society changes, and society's needs and priorities also
change. This is the reason why the need and priority of values have to be ensured in the context of
changing society.

Values: Creativity and Variability

Values are and should be created keeping the needs of the society at the centre, as the nature of
values is changeable. Life is in change, so the basis for the vibrancy of values is also true variability.
When we consider values to be immutable and bind them to some invisible shackles, they start giving
negative effects instead of positive effects. Rot and foul smell come only in stagnant or stagnant water.
Then he starts hating her and then wants to go far away from her. The same is the case with values. If
they are not relative to time, they become a 'burden’ and sometimes they do not help in taking any
right decision, but sometimes they prove to be wrong. Values are created and broken in everyday life.
There is creation, continuity and meaning in their creation and destruction. Before independence,
'freedom’ was the biggest value in itself, but after getting independence, the things which are useful
in maintaining freedom will be the values of that particular era. This is the reason why justice, liberty,
equality, and fraternity have been mentioned in the Preamble of the Indian Constitution. These can
be called national values. But these values are such that they have 'values' for every age, every society
and every individual. In this form, some values are also eternal. Based on this discussion, it can be said
that 'value' is a value in itself, that is, what we consider more 'valuable' in our life, based on that we
control and operate our conduct, thoughts and behaviour.

In this context, it can also be said that there is also a need to define values scientifically so that
they can be given functional form. In other words, values are principles that cannot be certain. Barring
some basic principles, most of the values change according to the country-time-circumstances. The
principles of Tretayuga cannot be applied in Dwapara Yuga and the principles of Dwapara Yuga in Kal
Yuga. Even in Kal Yuga, the value of 300 CE. They became irrelevant by the end of the 7th century
and became a major cause of the nation's loss of sovereignty. We cannot directly apply the sutras of
the sages in the way we hear in stories and which is often heard in the interpretation of values. If we
want to establish an ideal system without understanding the systems, society and world of our era,
then it will prove to be a big mistake. Attempts to do so cannot place "values" more than "curriculum".
Perhaps this was the reason that despite constant concerns, fruitful results were not produced in this
direction. There is a need to define how value-based education will work in subjects other than moral
values. For example, how values will be incorporated in the teaching of science and finance,
management etc. 'Value-based education should not be for teaching values, but training in how to
establish values in life'. Serious research and brainstorming of religious leaders, psychologists and
experienced teachers should be included in its policymaking. It will take one year. Then the policy

paper should be kept for the consideration of many scholars and after the consent, there should be
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serious training of the management committees, principals and teachers of schools and colleges, only
then the dream of value-based education will be fulfilled.

Pedagogy Of Values

An essential aspect of thinking is whether values can be taught. In my opinion, the price should
be imposed only. For this, not the classroom but the school environment is needed. For this
environment, the first responsibility is on the education department, the second responsibility is on
the school management committee, the third responsibility is on the principal, the fourth responsibility
is on the teachers and the fifth responsibility is on the parents. It is not the responsibility of the
students, but we either put all the responsibility on their heads or keep the teachers on their heads.
Other groups steer clear of discharging responsibilities. The education department, school
management committee, principal and parents should also be involved in the training of value-based
education, otherwise, children will fall prey to confusion by getting entangled in the theory of values
and social practicality.

Ultimately, if we analyze the relationship between education and values, it is known that education
itself is a 'value'. It means that we give or value education relatively. This is the value of education.
With the implementation of the Right to Education, the 'value' of education has increased even more.
On the other hand, no education can be valueless. Without values, how can one ensure the priorities
of life if education is considered a meaningful and better life? If education is considered as the art of
leading a better life or as a preparation for living a better life, then values will help in this preparation.
In both these forms, education and values are inextricably linked.

Now the question arises, how is the education of values possible? A common understanding says
that a separate curriculum or syllabus should be prepared for value education. His textbooks should
be made. Teaching-learning material that teaches values, such as good child, charts on good habits
will also be sold in abundance. Now that the syllabus and textbooks are there, then there will be an
examination, so the examination of value education should also be taken. Does the question also arise
that if values are relative to society, then society can be ignored or neglected for the education of those
values? not at all! The best school for the education of values is the society in which the children live,
constantly observe something new, analyze based on observation, reason, understand the difference
between causation and non-action, behave according to social norms. Huh. Is our society ready for
this value of education? Good question!

Cultivation of Values: Whose Responsibility?

You-we have heard this many times and it is a mistake that values cannot be taught, they are
accepted. There is no justification for the education of values on this basis. Just give him the
environment, he will learn on his own, imbibe the values on his own. Children need this environment
not only at home, family, society, but they also need this value-oriented environment in school. So
let's share some of the responsibility. Some we do, some you do!

The definitions of 'we' and 'you' include all - the government, the political will, the 'owners' of
schools and teachers, parents and the children themselves. If children have to 'show' the value of
equality, equality, then that 'equality’ and 'equality’ will have to be 'shown' in the society! Children
constantly see that inequality is rampant in society. Some people have more than one car and some
are forced to walk for many miles. Some people throw the leftover food, while some people are
doomed to pick up the food and 'fill the stomach' while throwing it away. Some children's schools

have all the facilities available, it does not look less than a luxurious hotel, while many schools do not
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have basic facilities like drinking water, toilets, playground etc. Government schools are recognized
only by the broken glass of the windows. Why study under reservation in some private schools of the
economically backward 25 per cent, why not as a right? Why not every child has a proper arrangement
of 'meal’ at home, why does he has to fill his stomach with a 'mid-day meal' in school? Why does one
language go on everyone's head and why not all languages attain their existence? How will children
appreciate the value of equality when the school itself is not equal? This will start a price conflict in
their mind.

There are also some other practical aspects of value-based education, ignoring which this noble
goal of value-based education cannot be achieved. As such, there should be no anger. What will happen
if you read it unless you are trained in how to control anger? The nation should be loved but why and
how? It is necessary to teach this. The answers to the ideological conflict arising in this education will
also have to be given from the perspective of religion and practicality. For example, students ask what
should I do if my parents work against the environment, or what should I do if my father does
corruption, etc.

In this context, another question arises who will do the work of giving value i.e. who will be the
teacher? It is necessary to think deeply about this. No teacher can teach values. There should be a
specific selection process for this. To develop values, the method of teaching (pedagogy) also has to
be developed. This system will be collective as well as individual, social as well as internal. Religion,
literature and history will be their special part, but the method of reading will be a little different.
Such abilities have to be developed to enable the students to understand the essence and essence of
the mind and it is also necessary to keep on getting practical tests of how a student is understanding
the training being given. In this training, it is very important that students and parents take it seriously
and for this, regular interaction sessions with parents are necessary for schools.

Values-Based Learning and Policy Prospects

If we want to do something then the government also has to be serious. There should be
transparency in its policies. Do whatever he tells you to do. The government should also see that there
are values in its functioning. Self-government should be value-oriented. Values should also be
developed in those who are opening schools. Teachers also need to develop values in themselves. Lest
ivory tusks eat and show off! This situation gives nothing but conflict among the children. Once a
price conflict has arisen it becomes difficult to resolve it. We also have to see that values are developed
in every field and every person related to education. Only then the children will be able to observe,
analyze and assimilate those values if the values are reflected in their behaviour.

Value points can be discussed while teaching subjects in school. Generally, all the focus of the
teachers in the school is only on teaching the subjects. It is the expectation of almost every teacher
(and also of parents) that children should get good marks in the examination of subjects. School
education remains confined to marks only. Thus, the purpose of taking education as art or preparation
for leading a better life is defeated. However, when children behave inappropriately, use abusive words,
get into some addictions, talk in a rude manner, it is often heard that this is what is learned in school?
/ This is what is taught in school? / Wasn't taught how to behave in school? etc. When all the attention
of teachers and parents will be on the study of subjects and good marks, then this situation will surely
come! We have given information about science to the children, but we have not taught them how to
use that science properly. We have given information to the children about different types of pollution

under the topic of environmental studies, but how we can reduce or eliminate these pollutions in our
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personal life - this discussion has never happened. The 'book study' done in school has nothing to do
with personal life. Lessons have been taught on social relations, but how to maintain social relations,
how to maintain them, how to maintain respectful distance in them - this discussion has never
happened in the class! So what will the children learn? What values will you be able to develop?
Therefore only ‘talk’ or ‘dialogue’ must be done for 30-40 minutes with the children every day. Now
the issue is also what to do? Any current issue or children's experiences, their problems, their mental
conflicts - anything can be a topic of conversation. It is a pity that in our education system, children
are taught only to answer. Answering is considered their destiny. But they do not have the courage
and understanding to ask questions, raise questions. Well, I would like to point out that there is a
difference between asking a question and raising a question. Both these tasks require logic, analysis
and deep understanding. My experience also says that the children of India do not have the confidence
to speak their minds. They are going through a crisis of identity. They do not understand whether
what we are doing is right or wrong? If it is wrong then why? If it is wrong then what is right? What
problems can anyone get by doing such a thing for us, etc? Children also need to be made aware of
the scientificity of values.

Schools should also work for the cultural education of the children. It is these values that exist in
the form of values. They are the mirror of any personality. Various issues, their problems and their
'questions' can be discussed with the children if the continuous dialogue is organized with the children.
In the course of the conversation, they ask 'why'. Asking this 'why' and getting a logical answer, they
analyze what is right and what is wrong. Recognizing right and wrong can help them learn to control
their unnecessary anger as well. They may also display the courage to admit their weaknesses and ask
tor ways to overcome them. Trying to apply those methods in your life sincerely is the first step
towards values. If parents, teachers and school managers are also involved in this dialogue or
conversation, then efforts can be made to understand the mind of the children. Many practical
problems are discussed face to face so that parents and teachers etc. get to know about the root causes
of the problems and together they can end them.

Value Inclusion

I would like to say one thing outright in the original transplant of children, the biggest "we" are
the grown people. “We” means parents, teachers, school management, education department,
policymaking people etc.

For the incorporation of values in education, it is necessary to have active work on the following
points-

e Indian history and traditions should be taught holistically. One has to understand the
nuances of life rooted in history. These nuances help human beings to learn from the past and
decide the future direction.

e Special training should be given to all teachers and this training is mandatory for the proper
development of children's minds and behaviour.

e Children should also be made aware of the culture and language of other states. This will
strengthen the integrity of the country. It is our misfortune that the children of the country do not
know about the North-East and Leh-Ladakh as much as they know about America and England.

® Yoga-Meditation should be part of the curriculum at every level. There can be no better
way to inculcate mental peace, higher mental abilities, patience and a sense of equality in any
student.
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e Training of scouts from class VI to class VIII, NCC from class IX to class XII and training
of National Service Scheme in higher education should be made compulsory for all the children
of the country and it should be taken seriously from the curriculum directly. be added. With this,
all the children will gain national pride, physical and mental health, first aid and understanding
and strength to deal with any disaster. This will also give the power to deal with the enemies of
India.

e The principle of 'religion relativity' should be applied in education. With this, every student
will get an opportunity to understand every religion, which will develop values like peace and
tolerance in society. He has to be taught to oppose any discrimination from the very beginning so
that he can respect women, every caste, religion, language and region.

e The structural system of school education has to be changed which is based only on the
information of subjects. It neither gives a better way to live life nor the right direction to invest
life in nation-building. The teaching up to class VIII should be life-oriented rather than subjective,
and from then onwards, the education up to class XII should be subjective as well as life-oriented,
so that they can acquire some skill in the direction of being self-reliant. Education up to class XII
should be free. The basis of the education of children should be those skills or skills by which they
can be able to face many problems of life.

e In the foundation of Indian education and pedagogy, there should be a deep reflection of
the research done in Indian classrooms and Indian society. For this, the research study of Indian
texts, Indian thinkers and Indian societies and their history should be promoted on a large scale.
All those ancient texts should be preserved in the libraries which will help in understanding Indian
history, education system, culture etc. before they become extinct. Neither trees and plants can
survive by being cut from their roots, and neither can we, that is, the nation!

e Permanent teachers should be appointed for teaching in this subject.

e Intensive training should be given to each teacher and parent by specialized experts to
understand the mind and behaviour of the children. Parenting training should be made an essential
part of a teacher training programme.

o Every teacher must be given extra time in school where they can talk to the children and
solve their problems and also do their studies.

e From the point of view of the development of children, the early years are the most
important. Therefore, maximum attention must be given to primary education. The teacher who
lays the foundation for the holistic development of the children should be specially trained. They
should be given more pay scale etc. Higher education creates professional life whereas primary
education creates life. From here all the evils can also start and all the virtues can also be
transplanted from here.

e Special emphasis should be given to the health of children and in that too both physical
and mental health should be equally emphasized. Mental health awareness in India is negligible.
Anger, rebellion, stubbornness, excessive interest in the opposite sex in children are mental health
issues and these practical barriers should be taken seriously. The mind of children and youth is the
basis of development or destruction and no concrete work is being done on it in educational
institutions and families.

Research findings of this sort are causing educationists to re-think many of their assumptions about

a range of developmental issues, including that of learning itself. The taxonomic notion that cognitive
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learning outcomes are separable from affective or social ones comes to be seen as inadequate. The idea
that learning can be achieved through mastery instruction and testing, without reference to the
physical, emotional and social ambience within which the learning is occurring, nor moreover to the
levels of confidence and self-esteem of the learner, is similarly seen as potentially an obstruction rather
than facilitation of learning. Such findings point to the need for new pedagogy that engages the whole
person rather than just the cognitive person.

Ultimately it can be said that we have to create the education system in a new way so that the
value of education can be maintained and values can also be taught. One way is fixed for all this and
that is dialogue! And also, sincere effort!

References

1. Patil,Yojana Yatin (2013). Role of Value-Based Education in Society. Conference Paper. February
2013, University of Mumbai DOI: 10.13140/RG.2.1.1847.6885

2. International Encyclopaedia of Social Sciences - David L. Sills, MacMillan, New York, 1968.

3. Dictionary of Education - Good C. V. (Ed.), McGraw Hill Book Co., New York, 1959.

4. The Cultural Values of Adolescents - Mrs. Saroj Bagheeayavalle, Shaheed Prakashan,
Udaipur,1991, pp. 17-21

5. Indian Conception of Values And Value Education - Dr. S. G. Nigal, Tattvajnan Vidyapeeth,
Thane, 2006, pg.10-11

6. The Cultural Values of Adolescents - Mrs. Saroj Bagheeayavalle, Shaheed Prakashan,
Udaipur,1991, pp. 17-21.

7. Terence Lovat, Neville Clement, Kerry Dally & Ron,Toomey (2011).The impact of values
education on school ambience and academic diligence, International Journal of Educational
Research,Volume 50, Issue 3, 2011, Pages 166-170

8. Mahadevan, B., Bhat Vinayak Rajat, Nagendra Pavana R.N. (2022), /ntroduction to Indian
Knowledge System: Concepts and Applications. HI Learning Private Ltd. Delhi.

9. Banerjea, P. (1916). Public Administration in Ancient Indja, Macmillan, London.

10. Kapoor Kapil, Singh Avadhesh (2021). Indian Knowledge Systems Vol — I & II. Indian Institute
of Advanced Study, Shimla, H.P.

11. National Education Policy 2020. Ministry of Education. Government of India

12. National Curriculum Framework for School Education 2023. NCERT, New Delhi

13. National Curriculum Framework for Foundational Stage 2022. NCERT, New Delhi

14. https://www.mitgurukul.com/Importance-of-Value-Based-Education.php

15. https://www.researchgate.net/publication/286933664_Role_of_Value-
Based_Education_In_Society/link/5671346808ae0d8b0cc2e18d/download

5k 5k 2k ok Sk 5k 5k 5k Sk 5k ok ok Sk 5k ok ok ok ok ok

VEDA-VIPASHA, VOL.-12 2025 - 141 -



ISSN 2348-7828

SYNTHESIS OF ART THROUGH ART-INTEGRATED EDUCATION ACROSS THE
CURRICULUM: SELF-IDENTIFICATION AND PANCH KOSHA VIKAS
SUSMITA LAKHYANI' & SHIVAM LUTHRA?

ABSTRACT

Contemporary educational practices prioritise integrated pedagogies that are both interdisciplinary
and multidisciplinary in nature. Consequently, a fundamental educational method that is frequently
advocated for implementation across various subjects in the school curriculum is art-integrated
education. In addition to its transdisciplinary and multidisciplinary nature, art-integrated education
offers experiential and enjoyable learning opportunities for learners across the curriculum. The same
has been advocated in National Education Policy 2020. However, art-integrated education remains an
area of inquiry for educators essentially trained in pedagogies pertinent to their specific disciplines,
leading to numerous assumptions and misconceptions regarding the comprehension and
implementation of art-integrated education among teachers of curricular subjects other than art. These
preconceptions and misconceptions not only constrain their ability to implement art-integrated
education effectively in the classroom but also diminish the fundamental nature of art-integrated
education to mere imitation of activities. To efficiently implement art-integrated education in the
classroom, it is essential to comprehend the intrinsic character of art and its experiencing process. The
primary focus of all artistic endeavours is on diverse processes, including cognitive, creative, and
appreciation processes, whereas the core of these processes lies in the individual's identification with
the art itself. This identification is the relationship an individual establishes with art, a link that fosters
unity between the art and the individual on spiritual, intellectual, or emotional levels, regardless of
the art forms involved. Panch Kosha vikas, an essential component of human development as
mentioned in Taittiriya Upanishad. Therefore, it is essential for a teacher to identify the needs of each
individual learner and facilitate them in identifying themselves with diverse art-integrated activities,
thereby enhancing the efficacy of art-integrated education. This article elucidates the very essence of
art, that is identification, and underscores the necessity for educators to facilitate learners'
identification with art to enhance the efficacy of art-integrated education.
Keywords: Art Education, Art-integrated Education, Identification with Art, Panch Kosha Vikas.
Introduction

The contemporary world, characterised by its swift transformations, necessitates the advancement
of educational practices to adequately prepare learners with an extensive spectrum of 21st-century skills
essential for their development, including creativity, problem-solving, collaboration, and cooperation,
among others. This results in an enhanced emphasis on a multitude of pedagogical practices that
embody interdisciplinary and multidisciplinary defining features. The necessity emerges from the
inherent characteristics of the challenges and concerns pertinent to the contemporary era, as it proves
to be complex to categorise them within a singular discipline or context. The challenges that are
grounded in reality are inherently complex, necessitating explorations from a variety of perspectives
and methodologies, often integrated in nature. In Western writings, references to integration can be
traced back as far as Plato, and later to Rousseau and Dewey (Russell & Zembylas, 2007).

1 Professor, department of education, university of delhi. 2 Lecturer, directorate of education, govt. Of NCT of
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One prominent approach capable of the same and recognised in contemporary educational discourse
is art-integrated education. The approach not only serves to engage and motivate learners but also
promotes their holistic development by addressing their diverse needs and accommodating various
learning styles.

Arts integration is an approach to teaching in which learners construct and demonstrate
understanding through an art form. They engage in a creative process which connects an art form and
another subject area and meets evolving objectives in both. (Silverstein & Layne, 2010). This
phenomenon occurs due to the fact that art-integrated education offers both educators and learners
various avenues for engagement. This is because it helps learners express themselves in diverse ways.
Further, this approach provides learners with opportunities to augment their engagement while
fostering critical thinking and collaboration among individuals from varied backgrounds, thereby
cultivating diverse perspectives. Nonetheless, significant apprehensions exist regarding the
implementation of art-integrated education, particularly across various school educational levels. The
ongoing challenge lies in the inadequate awareness of art education among educators who teach a
variety of curriculum subjects within the school setting. This situation is further exacerbated by the
numerous preconceived notions that educators hold regarding art education, which subsequently
results in a range of misconceptions and assumptions about both art education and art-integrated
education. Teacher education and orientation, with respect to art education, at different levels needs
a drastic change (National Focus Group on Arts, Music, Dance and Theatre, 2005. pp. 03). Being
cognisant of this awareness is crucial for cultivating the competencies required for the effective
implementation of art-integrated education among the diverse stakeholders involved in the realm of
school education.

Art-integrated Learning as Distinctive to Art and Art Education

The problem of defining art has seemed intractable because it has consistently been approached in
the wrong way (Abell, 2012). Nevertheless, art may be conceptualised as a systematic process through
which individuals manifest their imaginative constructs and ideas into tangible forms of reality.
However, a variety of misconceptions regarding art persist, including the notion that art does not
necessitate intelligence; the reduction of art's essence to mere beauty, often confined to a conventional
understanding that emphasises aesthetically pleasing physical attributes such as symmetry and
proportionality; and the belief that the imitation of an object or concept constitutes art. Nevertheless,
the concept of art encompasses significantly more than this singular perspective. Comprehending art
parallels the process of grasping various other aspects of existence. It necessitates a process of inquiry
and the acquisition of knowledge, a process that is lifelong in nature. Let us try to understand the
same with the help of a shloka from Bhagwat Gita by Vyasa mentioned in Chapter 2, shloka 50:

FiEThH STETE IW FHFATH |
TR I ART: FHHY hIvrerd |l

While the shloka emphasises on the relevance of discarding both good and evil, it also explains
what yoga is: something that not only enhances availability skills but also develops the mind and soul.
Art, if utilised with its full potential, can be one such yoga.

The same stands for art education. Moreover, a systematic approach towards art education not
merely enhances education, but also society. As Lowenfeld (1957) mentions,

The great contribution of art education to our educational system and to our society is the

emphasis on the individual and his own potential creative abilities, and above all the power of
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art to integrate harmoniously all the components of growth which are responsible for a well-
balanced human being (Lowenfeld, 1957. pp. 10).

Art education can be understood as a pedagogical process focused on the teaching and learning
of artistic principles and elements, facilitating the development of expressive capabilities through
the application of the grammar of art. However, this understanding is often complicated by the
proliferation of various misconceptions surrounding the nature and purpose of art education. The
misconceptions highlighted, which stem from insufficient exposure, frequently obstruct the
progress of art education and the realisation of its objectives. As a result, art education has been
a neglected area in the majority of schools, and too much emphasis has been put on core subjects
(National Focus Group on Arts, Music, Dance and Theatre, 2005. pp. 03).

The existence of multilayered conceptual challenges associated with the prevalent

interpretations of art gives rise to deeper concerns regarding both the comprehension and
implementation of art education. This complexity similarly extends to the understanding and
implementation of art-integrated education. Art education encompasses the instruction of
fundamental principles and elements of art, whereas art-integrated education serves as a
pedagogical strategy employed within the teaching-learning process of various curriculum areas
and subjects beyond the realm of art. The concept of art-integrated education involves a flexible
amalgamation with various subjects through diverse experiential approaches and methodologies.
This approach not only fosters the development of skills specific to the subject being taught but
also offers learners opportunities to enhance their cognitive, psychomotor, and affective domains.
[t emphasises the significance of engaging in the process over focusing on the final product, while
also accommodating different learning styles. Some educators view the integration of the arts
into the curriculum as simple activities that may be used as extras or time fillers (Gullatt, 2008).
Unfortunately, when arts integration is misunderstood in this way, art is often watered down in
classroom practices (LaJevic, 2013).

The efficacy of art-integrated education is contingent upon its effective implementation, which
facilitates the engagement of learners in a manner that incites their minds, bodies, and hearts.

This comprehensive engagement with the process encompasses the enhancement of their
observational abilities, imaginative capacities, and critical thinking skills. Furthermore, this
facilitates learners in acquiring personal experiences and extracting significance from these
encounters. Central to the process of employing art-integrated education in teaching and learning
of various subjects is the concept of identification with the art itself. This identification is crucial
not only for comprehending the nuances of art but also for engaging with the artistic process in
its purest form. This is because Lowenfeld believed self-identification was one of the basic factors
important for creative expression (Young, 2013).

Identification with Art

Art encompasses a comprehensive engagement that integrates the physical, mental, and spiritual
dimensions of human experience. This form of engagement cannot be achieved without a process of
self-identification with the art, wherein an individual attains a state of unity with the art itself through
the establishment of a profound connection. This is because it is a fact that self-identification with the
things we do is essential (Lowenfeld 1957). This premise also holds true for both art education and art-
integrated education. Understanding art necessitates a total identification with the art, as artistic

expression fundamentally depends on the individual's self-identification with their experiences and the
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mediums employed. The establishment of a deep connection with art is essential for the successful
implementation of art-integrated education. Moreover, for ensuring effective implementation of art-
integrated education, one requires identification not just with art but also with the concept that is
being taught through art; the material involved throughout the process, which are again need to be
selected by the teacher for which he/she requires identification with the age, needs, background, and
experiences of the learners. However, this paper only focuses on understanding how self-identification

with art is crucial for art-integrated education.

Initially, it is vital to explore the meaning of self-identification with art. Identity constitutes a
fundamental dimension of an individual's personality. According to Freud, identification is more than
an act of imitation because it leads a child to think, feel, and behave as though another person's
characteristics belong to him or her (Kinket & Verkuyten, 1997). An essential component that
significantly contributes to the formation of an individual's identity is experience, specifically the
experiences acquired through engagement with the world. Nevertheless, not all experiences hold
significance for individuals. For an experience to be deemed significant, it frequently necessitates a
lasting impact on the individual's life. This influence may manifest in various forms, including personal,
emotional, or transformative dimensions. Regardless of the implications, a fundamental component
essential for any such phenomenon is the extensive engagement of the individual with the experience.
The experience of significant relevance, which fosters deep engagement, compels an individual to
align their self-identity with that particular experience. Self-identification is a dynamic science which
embraces the understanding of social, intellectual, emotional, and psychological changes with the
creative needs of the child (Lowenfeld 1957. pp. 24). Consequently, it is imperative for educators to
take into account these facets of a child's development to facilitate their self-identification with the
art.

The experiences that contribute to self-identification are essential for addressing the creative needs
of a child. As a result, it is imperative for educators to cultivate a comprehensive understanding of
these creative requirements, which will ultimately facilitate the successful integration of art into the
educational curriculum. Moreover, this comprehension aims to cultivate an awareness of the cognitive,
psychomotor, and aesthetic domains of all individuals within the class, thereby facilitating the
development and implementation of art-integrated education. A tailored approach is therefore crucial

tor the successful implementation of art-integrated education.

The role of the educator extends beyond merely recognising the creative needs of learners for the
successful implementation of art-integrated education. It encompasses significantly more than that.
The approach must foster a child-centric environment in which children can engage in a substantial
and nuanced experience, deriving meaning from the artistic process on an individual basis through
the exploration of the associated art activities. An essential component for this is the child's expression,
wherein the child experiences a sense of freedom devoid of fear, thereby fostering holistic
development. Accordingly, it is essential for the educator to devise a customised strategy that takes
into account the individual requirements of the child, while also ensuring that this approach cultivates
an environment in which the children can articulate their thoughts and feelings without the
apprehension of being judged. An environment of this nature is crucial for developing a setting in

which children are able to engage in self-identification with the art offered to them.
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Let us now attempt to synthesise everything that we have explored thus far. Art-integrated education
is regarded as a highly effective pedagogical approach that addresses the diverse needs of learners in
the 21st century. Nevertheless, art education has frequently been regarded as a subordinate component
within the broader framework of school education. Consequently, the implementation of art-
integrated education remains ineffective within the context of teaching and learning transactions. The
successful implementation of art-integrated education necessitates a profound identification with art,
which entails engaging with art in a manner that fosters a sense of unity with the artistic expression.
In order to facilitate a child's self-identification with art, it is essential for an educator to address the
comprehensive needs of the child while simultaneously offering opportunities for the child to derive
meaning from the artistic process through direct engagement with the art itself. Let us now discuss
how art-integrated education can be implemented in a manner that effectively facilitates learners'
identification with art, thereby enhancing their educational experience through artistic engagement.

In a modern educational setting, one can observe the implementation of art-integrated education
through different approaches. This may encompass the reproduction of a scientific diagram from a
textbook or blackboard; the illustration of a geometric figure in mathematics or the practical derivation
of'a mathematical formula utilising artistic materials such as origami paper; the creation of a map with
the plotting of various geographical locations or structures thereon; the development of a poster on a
particular subject in literature classes, for instance, water conservation, and similar activities. The
fundamental premise underlying these art-integrated activities suggests that art is perceived merely as
an imitative endeavour. This perspective diminishes the efficacy of both art and art-integrated
education, as learners fail to establish a personal connection with the artistic expressions involved. As
a result, individuals may find themselves unable to appreciate art, as the ability to do so necessitates a
connection with the artwork and/or an understanding of the creative process involved in its creation.

Panch Kosha Development through Art
Art, being a transformative medium, has the potential to ensure panch kosha vikas, i.e. necessary
development for the enhancement of the mind and the soul of an individual, as mentioned in Taittiriya
Upanishad. It comprises five different Koshas, namely, Annamaya kosha, i.e. the physical layer,
Pranamaya kosha,i.e. vital energy, Manomaya kosha i.e. the one that deals with emotions, vignanamaya
kosha i.e. the one developing rationality, and Anadamaya kosha, i.e. the one leading to eternal bliss.
The five Koshas provide a multifaceted view of existence that encapsulates physical, emotional,
intellectual, and spiritual dimensions (Bhatia & Singhal, 2024). Art integrated learning can play a
crucial role in the development of all the mentioned koshas, with art forms such as theatre providing
learners the opportunity to enhance their body posture, control over voice, coordination between
different body parts; dance and music strengthening their life energy by acquainting them with
essential rhythmic breathing and movement skills; poetry and painting giving them occasions to
express their emotions; engaging in arts deepening their analytical skills such as by doing choreography
or script writing, and chanting, meditative art to reach a state of eternal bliss.

Implementation Through Identification
The absence of self-identification renders any endeavour to implement art-integrated education
fundamentally unfeasible. To understand the same, let us consider a specific example. A few
common topics that are being taught in the Sciences, Social sciences, Mathematics, and Physical
Education are Pollution, Poverty, Probability, and Yoga respectively. Pollution, while often given

sample importance across the disciplines in the form of discussing how it occurs, what kind of
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problem it can lead to, how to solve it, etc. the issue with respect to its implementation still
persists. This highlights how learners are not able to relate the topic to the extent that they would
start implementing the pollution preventive measures in their everyday lives. Teaching this topic
with art-integrated learning may include showing them a visual documentary on how pollution
impacts the lives of human beings, animals, plants, and the environment around us, followed by
making paintings and 3D models on how pollution harms and how human beings can contribute
to reducing pollution. Thereafter, they may be asked to explore in their local areas how pollution
has impacted the lives of people and what kind of changes are required to make their lives better.
In a similar manner, probability can also be taught to the learners with the help of art-integrated
education. Probability, as often being taught in mathematics, majorly consists of examples such
as tossing a coin, drawing from a deck of cards, rolling a dice, etc. it mostly includes only
theoretical discussion on how probability works. However, it can be taught in a more effective
way if, say, it would be taught with the help of a small skit that would include the events of
tossing a coin, drawing from a deck of cards, rolling a dice, etc. as props for the skit showing
them some of the real-life events where probably take place. This way, the learners not only
relate to the theoretical concept of probability but will also understand how probability works in

their real-life experiences.

Social sciences, as the name itself suggests, show us the reality that is there surrounding us. As
a result, one of the best pedagogical techniques to teach social sciences is to use art-integrated
education in the classroom, as art-integrated education itself uses the real-life settings of the
learner to teach them various concepts. For instance, say the teacher is teaching the topic
‘Poverty’. In poverty, statistics play a prominent role while teaching learners how a large number
of the population is under the poverty line or explaining what the poverty line means. However,
the impact of poverty on the lives of people is not about those statistical aspects but instead about
how their quality of life gets hampered. Art can be a medium through which the learners can
actually experience how people who are poor live and what kind of challenges they experience
in their everyday lives. This can be done by showcasing various paintings, reciting poetry, and
plays that reflect on the lives of the poor, making learners understand how difficult it is to be
poor and how life gets impacted if someone is poor, eventually projecting to the larger social
science reality. Yet another domain that is a part of school education for enhancing the real-life
experiences of the learners is Physical Education. One prominent topic that is always given ample
importance in modern Times in physical education is ‘yoga’. However, if it will be taught by
people theoretically, it would lose its relevance and effectiveness. A certain way to enhance its
effectiveness is to teach it with the help of art-integrated learning by incorporating in numerable
paintings depicting different yoga asanas and their relevance along with detailed images or videos
that explain how a yoga asana can be done, eventually making learners perform the yoga asanas

themselves effectively, thus realising their impact and consequently improving their learning.

Conclusion
To meet the pedagogical demands of the ever-evolving 21st century, their rise needs of an
approach that can be effectively implemented across the curriculum. Art-integrated Learning is

an approach that not only accommodates multidisciplinary and interdisciplinary aspects of
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curriculum, but also fosters 21st-century skills such as collaboration, cooperation, problem-

solving, etc., among learners. However, there exists a number of challenges with respect to

awareness, recognition, and implementation of this approach. The reasons lie in well-established

misconceptions about art, which are required to be debunked. The same can be achieved by

addre

ssing these misconceptions to shift educational discourse through different teacher training

programs. Art can help in enhancing teaching-learning and ensuring holistic development of

learners, along with the development of personal expressions in them, leading towards self-

identification. Moreover, it can lead to an egalitarian and inclusive environment, embracing

creativity and unity.

10.

11.
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Abstract

Privacy-preserving federated learning enables collaborative disease prediction while safeguarding sensitive
patient data. This study explores the Federated Proximal (FedProx) algorithm within a federated learning
framework to address the challenges of heterogeneous healthcare data. A simulated network of healthcare
providers trains a shared model for disease prediction, particularly heart disease, using a synthetic multi-feature
health dataset. Our methodology integrates data preprocessing techniques (handling missing values, mitigating
outliers, normalisation, and anonymisation) and feature engineering (feature extraction, principal component
analysis, and feature importance evaluation). FedProx-based training, coupled with split learning, enhances
privacy and mitigates data heterogeneity. Experimental results demonstrate that the FedProx federated model
achieves high accuracy, Fl-score, and ROC-AUC, comparable to a centralised model, while ensuring strict
privacy preservation. FedProx improves training stability across non-IID data sources, outperforming standard
federated averaging (FedAvg). Feature importance analysis highlights Age, BMI, blood pressure, and sleep
duration as key predictors and principal component analysis (PCA) confirms that two components capture 95%
of data variance, validating dimensionality reduction techniques. This research confirms the viability of FedProx-
enhanced federated learning for privacy-preserving disease prediction. Future work will integrate differential
privacy, secure aggregation, and blockchain for enhanced security, expanding to complex disease prediction
scenarios.
Keywords: - Federated Learning; Privacy Preservation; Federated Proximal (FedProx); Disease Prediction;

Heterogeneous Data; Anonymisation; Feature Engineering; Machine Learning.

L. Introduction

Innovations in artificial intelligence are transforming healthcare by enabling predictive models to improve
diagnostics and patient outcomes. However, these models require vast amounts of patient data, raising serious
privacy concerns. Sharing sensitive health information across institutions is often restricted by laws like HIPAA
(Health Insurance Portability and Accountability Act), which mandate the protection of personal health
information. Federated learning (FL) has emerged as a compelling solution that allows multiple hospitals or
devices to collaboratively train a model without exchanging raw data’. In FL, each client (e.g. a hospital) keeps
its data locally and only shares model updates (such as gradients or parameters) with a central server that
aggregates them*. This preserves privacy by design, as no individual's records leave the source, addressing patient
trust and data governance issues in healthcare. FL has been applied in scenarios from smartphone data learning
to multi-centre medical studies, showing that models can be learned across silos while meeting privacy and

security requirements”.

Despite its promise, federated learning in healthcare faces significant challenges. One major issue is data
heterogeneity: each hospital or device may have a different patient demographic, feature distribution, or label

prevalence (non-IID data), which violates the assumptions of conventional centralised training®. This statistical
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heterogeneity can cause the global model to converge poorly or become biased towards dominant sources.
Moreover, system heterogeneity (varying computation and network capabilities across sites) can disrupt
synchronous training. Traditional federated averaging (FedAvg) algorithms are known to suffer performance
drops when client data are highly inconsistent. Federated Proximal (FedProx) has been proposed to tackle these
issues'. FedProx modifies the local training objective by adding a proximal term that penalises large deviations
from the current global model. This discourages local models from drifting too far in their direction, thus
improving the stability of non-IID data. In effect, FedProx generalises FedAvg by introducing a controllable
regularisation that bounds the impact of heterogeneity. Prior studies have shown that FedProx yields more robust
convergence and higher accuracy than FedAvg in heterogeneous settings — for instance, improving test accuracy
by up to 18.8% in highly non-IID scenarios . By incorporating FedProx into our framework, our goal is to

maintain strong predictive performance across diverse healthcare datasets.

Another challenge is privacy preservation beyond just federated aggregation. Even when raw data is not shared,
model updates can potentially leak information about the underlying data (through model inversion or gradient
leakage attacks). Therefore, additional privacy safeguards are crucial in a healthcare FL system [12][5]. Common
approaches include differential privacy (DP) - adding noise to model updates to mask individual contributions
- and secure multiparty computation (SMC) or homomorphic encryption — encrypting updates so that the server
aggregates data without decrypting it [5]. These techniques further reduce the risk of re-identification or
information leakage from gradients. For example, a memory-aware curriculum FL strategy combined with
differential privacy improved breast tumour prediction by 20% while protecting patient confidentiality.
Similarly, homomorphic encryption has enabled "learning on encrypted data," allowing truly privacy-preserving
analytics at the cost of higher computation. In this work, we focus primarily on architectural privacy (via FL and
split learning) and data anonymisation. Still, we design our system such that future integration of DP or
encryption is feasible for enhanced security.

Privacy-preserving FL is especially pertinent to disease prediction models in healthcare, where data from multiple
hospitals or wearable devices can greatly improve model generalisation [6]. Recent studies demonstrate the value
of collaborative learning in this domain. Heart disease prediction has benefited from federated approaches that
combine electronic health records (EHRs) and IoT sensor data: Basheer et al. proposed "FedEHR" to predict
cardiac risk by training on distributed hospital datasets, achieving improved accuracy while keeping data local.
In the context of imaging, Dayan et al. used FL to predict outcomes for COVID-19 patients from chest X-rays
across 20 institutes (the EXAM model), showing that a federated model could reach an AUC of ~0.94, close to
that of a pooled data model, without centralising patient data [7]. Another study by Malik et a/ introduced a
federated deep learning model (DMFL_Net) for COVID-19 detection that attained 98.45% accuracy,
outperforming conventional centralised models while preserving privacy [5]. These examples underscore that FL
can yield diagnostic models on par with traditional training, providing sufficient collaboration and careful
algorithmic design. They also highlight how heterogeneous data (e.g., different imaging devices or patient
populations) requires advanced FL algorithms — motivating our use of FedProx. By leveraging federated learning
with privacy enhancements, healthcare organisations can collectively develop powerful disease prediction tools
(for conditions like Diabetes, heart disease, cancer, etc.) that no single institution could build alone [5] [24].
Our research focuses on integrating FedProx into such a privacy-preserving federated framework and evaluating
its effectiveness on heterogeneous health data.

This study aims to bridge the gap between the need for collaborative, data-driven disease prediction and the

mandate to protect patient privacy. We implement a FedProx-based federated learning approach for predicting
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diseases using a synthetic heterogeneous healthcare dataset. We address key steps, including data anonymisation
and feature engineering, to handle the complexity of real-world medical data. We hypothesise that FedProx will
improve global model performance under heterogeneity, and our experiments will compare it against baseline
methods (like classical centralised models and standard FedAvg) to quantify its benefits. We also analyse the
model outputs to interpret feature importance and validate that medically relevant factors are being captured.
The following sections detail the dataset and methods, followed by results demonstrating the viability of privacy-
preserving FedProx for multi-institution disease prediction, and finally conclude with insights and future

extensions.

II. Literature Review

Federated learning in healthcare: Over the past few years, there has been extensive research on applying FL to
healthcare data. A 2024 systematic review by Teo et al analysed 612 FL studies in health domains [4]. The
majority were proof-of-concept experiments, but they demonstrated that FL is model-agnostic and can handle
diverse data types — from electronic health records to medical images. For instance, FL has been used in radiology
to train models on distributed MRI or CT scans and in-patient monitoring to combine wearable sensor data
without centralising it. Rieke et al. (2020) discuss how FL enables multi-centre collaborations in digital health
while mitigating data-sharing barriers [7]. They and others report that federated models often achieve
performance close to that of pooled-data models, provided that enough sites participate and data distributions
are not drastically different. Sheller et a/. (2020) demonstrated one of the early successes by using FL for brain
tumour segmentation across institutes; their federated model's Dice coefficient was within a few points of a
centrally trained model, all while each hospital kept control of its MRI data. These studies underline the promise
of FL: institutions can jointly train Al models for disease detection, prognosis, or treatment recommendation
without relinquishing sensitive data custody [24]. As adoption grows, there are even production-level examples,
such as federated networks for medical imaging diagnosis and drug development data sharing. However, the
literature also notes practical challenges like communication overhead, slower convergence, and the need for
robust orchestration when dealing with many clients [12].

Privacy preservation techniques: Since protecting patient privacy is the core rationale of FL in healthcare, many
studies augment FL with additional privacy-preserving technologies. Differential privacy (DP) is frequently used
to introduce statistical noise into the gradients or model parameters shared by clients [5]. Ahmed et al. (2024)
proposed an adaptive DP mechanism in FL for COVID-19 X-ray analysis, dynamically adjusting noise levels based
on data sensitivity [7]. Their DP-FL model maintained high accuracy while ensuring that individual patient
images could not be reconstructed from model updates. Another approach is secure aggregation and
homomorphic encryption, which allow the server to sum or average encrypted model updates from clients
without decrypting them [5]. For example, Froelicher et al (2021) developed a multiparty homomorphic
encryption scheme for federated analytics in precision medicine, enabling computations on genomic data in
encrypted form [13]. This ensured that even a curious server or an outside attacker could not inspect any single
site's model update in plaintext. Similarly, Kaissis et a/. (2020) discussed using secure enclaves and encryption
in federated medical imaging to prevent data leaks on both client and server sides. While these techniques add
computational overhead, they significantly harden the privacy guarantees of FL. A recent comprehensive review
by Pati et al (Bakas and colleagues, 2024) in Patterns Journal surveyed privacy threats and mitigation in
healthcare FL [12]. They highlight risks such as data reconstruction attacks, membership inference, and poisoning
and review defences, including DP, SMC, and robust aggregation. The consensus in the literature is that a
combination of approaches — federated learning as the baseline, plus cryptographic protocols or DP at critical
points — can achieve strong privacy with acceptable trade-offs in performance and complexity [5]. Our work

primarily focuses on the FL aspect (ensuring raw data never leaves providers) and applies basic anonymisation to
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the dataset; more advanced privacy techniques from these studies are recognised as complementary
enhancements to be explored in future work.

Handling heterogeneous data in FL: A significant portion of recent research is devoted to tackling statistical
heterogeneity in federated networks. When clients have non-IID data (which is typical in healthcare — e.g., one
hospital's patients might be older on average or use different lab test units), vanilla FedAvg may converge slowly
or to a lower-quality model [3]. Several algorithms have been introduced to address this. FedProx, as used in
our study, was introduced by Li et a/. (2020) to add a proximal term $\mu/2 |w - w_t|"2$ to each client's loss
(where $w_t$ is the global model) [5]. This gently restricts how far a client's local model can diverge from the
global weights, thus mitigating "client drift." Empirical analyses have shown FedProx to outperform FedAvg in
highly heterogeneous settings, yielding more stable and higher accuracy models [2]. Other approaches in the
literature include SCAFFOLD, which uses control variates to correct the drift in local updates, and FedNova,
which normalises updates to account for variable local epochs [5]. Karimireddy et a/ (2020) showed that
SCAFFOLD can significantly speed up convergence on non-IID data by reducing gradient variance. There are
also methods like FedAVGm (FedAvg with momentum) and FedOpt (applying server-side adaptive optimisers),
which improve federated training on skewed data. In the healthcare context, Babar et al. (2024) specifically
investigated the impact of data heterogeneity on FL for medical imaging using the COVID-19 CXR dataset [3].
They observed a notable drop in the performance of a FedAvg model when training on non-IID partitions
(simulating hospitals with different patient populations) as compared to IID partitions. This performance decline
underscores the need for algorithms like FedProx. Indeed, by employing FedProx or similar techniques, one can
recover much of the lost accuracy. Our literature review found that FedProx has become a common baseline in
newer FL studies dealing with multi-centre medical data, often combined with personalisation layers to fine-tune
models for each site. We, therefore, chose FedProx for our implementation to leverage its theoretical and
empirical advantages in handling heterogeneous healthcare data.

Federated learning for disease prediction: Numerous studies in 2022-2023 applied FL to specific disease
prediction and achieved promising results. We highlight a few representative works. Gupta et al (2023)
developed a federated learning approach for diabetic retinopathy detection using fundus images from multiple
clinics [25]. Their framework preserved privacy and achieved performance comparable to centralised training,
demonstrating FL's viability for ophthalmology diagnostics. In another study, Liu et a/. (2022) built a federated
model for predicting diabetes mellitus onset by training across several hospital EHR databases; the model
identified at-risk patients while each hospital kept patient records internally. Hassan et al. (2023) improved a
retinal OCT classification by federating across devices, which boosted the robustness of detection for difterent
eye conditions [25]. Heart disease and cardiovascular risk prediction have also been addressed: Bebortta et al
(2023), in the Diagnostics journal, presented FedEHR, a federated approach combining IoT vitals and EHR data
for heart disease prediction. Using a soft-margin SVM as the model, they reported that the federated model could
detect cardiac events with higher accuracy than models trained on any single source, all while upholding data
locality [6]. Similarly, Huang et al. (2024) demonstrated an edge-computing federated model for early prediction
of COVID-19 outcomes in the 5G IoMT era, illustrating FL's extensibility to Internet-of-Medical-Things scenarios
[5]. Beyond accuracy, researchers also note the benefits in generalisation — models trained federated tend to
generalise better to new patient cohorts because they were exposed to more diverse data during training [24].
This is crucial for disease prediction: a model needs to work well on different populations. However, the
literature also emphasises evaluating models for fairness since data heterogeneity might inadvertently bias a model
if one site's data dominates. Some works integrate techniques like agnostic federated learning or re-weighting to
ensure no subpopulation is underserved. In our work, we focus on overall predictive performance and privacy,

but these considerations are noted. Overall, the literature from the last two years paints a clear trend: federated
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learning is rapidly being adopted for various disease prediction tasks (from cancer to mental health to critical
care), with many reporting that privacy-preserving collaborative models are feasible and often as effective as
traditional models [24]. Our research builds on these insights, combining the FedProx algorithm and best
practices in data preprocessing to contribute a case study in federated disease prediction on heterogeneous data

and aligning with reported successes in maintaining accuracy while preserving privacy.

III. Data Collection

For this study, we utilised a synthetic healthcare dataset (synthetic_healthcare_dataset.csv) that simulates patient
health records aggregated from multiple sources. The dataset contains 500 records with 20 features per patient
(after excluding the ID), encompassing demographic, lifestyle, and clinical attributes relevant to chronic disease

risk. Each patient entry includes:

e Demographics: Age (in years), Gender (Male/Female), and Occupation activity level. These factors
influence disease prevalence (e.g., older Age correlates with higher heart disease risk).

e Vital Signs & Measurements: BMI (body mass index) and blood pressure (systolic) are included as
continuous variables. Elevated BMI and blood pressure are known risk factors for conditions like heart
disease and stroke.

e Lab Indicators: Cholesterol level (categorised as "High" or "Normal") and presence of Diabetes (binary
1/0) - high Cholesterol and diabetes status are critical for predicting cardiovascular issues.

e Medical History: Binary flags for Heart Disease and Cancer indicate whether the patient has a history of
those conditions, and Family History (1/0) indicates familial prevalence of chronic diseases. These serve
as potential labels or features for multi-disease prediction. In our case, disease (whether the patient has
heart disease) is treated as the primary outcome variable to predict.

o Lifestyle Factors: Smoking Habit (Non-smoker, Former, Current), Alcohol Consumption (None,
Moderate, Heavy), Physical_Activity_Level (Low, Moderate, High), Diet_Quality (Poor, Average, Good),
and Sleep_Duration (in hours). These lifestyle attributes are important predictors for many health
conditions; for instance, smoking and heavy alcohol use elevate risk, while regular exercise and adequate
sleep can be protective.

e Healthcare Utilisation: Annual Checkups (count of doctor visits per year) and Vaccination_Status (Up-
to-date, Partially, or Not up-to-date), which reflect preventive care engagement. More frequent checkups
might lead to earlier detection of diseases, and vaccination status might correlate with general health
awareness.

e Adherence and Stress: Medication_Adherence (High/Medium/Low adherence to prescribed treatments)
and Stress_Level (subjective Low/Moderate/High). Poor medication adherence and high stress are

associated with worse health outcomes, making them relevant features for prediction.

All data are synthesised to mimic realistic ranges and category distributions — for example, ages span young adults
to seniors, a portion of entries have Diabetes (~10%) or heart disease (~15%), etc. The data is heterogeneous,
intending to represent multiple healthcare providers: for instance, one subset of 100 patients might simulate a
cardiology clinic (more heart disease cases, older patients), while another subset might simulate a general practice
with younger, healthier individuals. This heterogeneity allows us to test the federated model's ability to handle
non-IID data. We assume the dataset is partitioned into, say, 5 clients (simulating 5 hospitals or silos) of 100
patients each. Each partition could have slightly differing statistics (one might have higher average BMI and

blood pressure, another might have more smokers, etc.), reflecting realistic inter-hospital difterences. Such
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variation poses challenges to training a unified model, which is precisely what our FedProx approach aims to
address.

The synthetic nature of the data ensures that no real patient's privacy is at risk during experimentation. It also
allows us to freely apply transformations like adding or removing certain patterns to test robustness. Although
synthetic, the dataset is designed to be relevant to disease prediction: the mix of features provides signals for
predicting chronic conditions. For example, a patient with advanced Age, high BMI, high blood pressure, poor
diet, and low physical activity is likely to be at risk for heart disease (Heart _Disease=1). On the other hand,
younger patients with healthy lifestyles might be Heart_Disease=0. The presence of multiple disease indicators
(Diabetes, cancer) also allows for exploring multi-label prediction, but in this work, we primarily focus on a
single disease (heart disease) as the target outcome for simplicity. Importantly, using a synthetic dataset allows
us to inject or analyse heterogeneity systematically — we can designate certain features or value ranges to be more
prevalent in one client vs another (for example, one client's patients might all have "Urban" Residence_Type
while another is mostly "Rural"), and then observe how the federated model copes with those differences.

The dataset comprises a comprehensive set of attributes that collectively inform disease risk. Table 1 (not shown)
in the dataset documentation describes each attribute and its possible values. This data will be used to train and
evaluate our models. Before modelling, we perform necessary preprocessing (handling missing data,
normalisation, encoding) and anonymisation steps, as described next, to ensure that the use of this data in a

tederated context aligns with privacy-preservation goals.

IV. Design and Implementation

a. Data Preprocessing

Real-world healthcare data often contains inconsistencies such as missing entries, outliers, and identifiable
information. In our federated setting, each client performs preprocessing locally on its data shard to prepare for
training. We employed the following strategies:

e Handling Missing Values: We assumed some fraction of records might have missing entries for certain
features (e.g., a patient might not report their Sleep_Duration or a lab test value). To fill these gaps
without biasing the model, we applied k-Nearest Neighbors (k-NN) imputation. In this method, for a
given patient with a missing value, we find the k=5 most similar patients (based on other feature
distances) and impute the missing feature with the average of those neighbours' values. K-NN imputation
is robust and can preserve local data patterns [14]. For categorical features (like Smoking Habit), we
imputed missing entries with the mode among nearest neighbours. In cases where entire features were
missing in a client (which can happen if one hospital does not record a particular test), the model could
not directly impute from local data — in such rare scenarios. We would either drop that feature from that
client or use a global constant imputation (e.g., "Unknown" category) to indicate absence.

¢  Outlier Detection and Treatment: Healthcare data can have outliers (e.g., extremely high BMI or blood
pressure) due to errors or rare cases. We used robust statistical methods to detect outliers. Specifically,
for each numeric attribute, we computed the median and the interquartile range (IQR) within each
client's data; any value beyond [Q1 - 3/QR, Q3 + 3IQR] was flagged as a potential outlier. Outliers were
not removed outright (since in healthcare, an outlier could be a legitimately sick patient), but we
Winsorised extreme values — capping them at the 1st or 99th percentile to reduce their influence. For
example, a blood pressure of 250 (likely an error) might be capped to 180 (the 99th percentile observed).
This approach retains the data point but mitigates distortion in scale. We opted for median/IQR over

mean/standard deviation because the former is more resistant to being skewed by the outliers themselves.
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Normalisation and Scaling: To ensure features are on comparable scales, we applied Min-Max Scaling to
numeric attributes such as Age, BMI, blood pressure, and sleep duration. Each feature $x$ was scaled to
$x' = (x - x_{\min})/(x_{\max} - x_{\min})$ based on the observed min and max in that client's data.
This transforms values to a 0-1 range. In some cases, we used Z-score standardisation (subtract mean and
divide by standard deviation) for features that are approximately normally distributed (e.g., Age might
be roughly normal in an adult population)[14]. Standardising helps the optimisation process for models
like logistic regression by ensuring the gradient scales are balanced. Notably, scaling was done
independently on each client's data to avoid any unintended information leakage; the global model is
agnostic to the actual scale as long as each client is consistent. We found that normalisation improved
model training stability — for instance, unscaled Blood_Pressure (range ~100-180) vs. Annual_Checkups
(range 0-5) initially caused the model to overweight the blood pressure feature. After scaling, the model
could consider all features more evenly.

Encoding Categorical Variables: Many features are categorical (Gender, Cholesterol level, Smoking
status, etc.). Each client performed one-hot encoding to transform categories into binary indicator
features. For example, Cholesterol becomes two features: Cholesterol_High and Cholesterol_Normal
(with a 1in one of them). Similarly, we expanded Smoking Habit into three dummy variables (with one
dropped to avoid collinearity). One-hot encoding is simple and ensures our models (which are mostly
gradient-based) can incorporate categorical data. We took care to use a consistent encoding scheme
across clients — all clients used the same dummy field names so that the global model could align weights
correctly. If a category was absent in a particular client's data (e.g., none of the patients at one clinic
were "Heavy" alcohol consumers), the one-hot column for that category would be all 0O for that client
and still present for compatibility.

Anonymisation: Prior to any data being used in federated training, we stripped out or masked direct
identifiers. The dataset had a Patient_ID column, which is an artificial identifier; in a real scenario, this
would correspond to something like medical record numbers or other PII (personally identifiable
information). We removed unique IDs entirely from the feature set, as they carry no predictive value for
disease and pose a privacy risk. We also reviewed each feature to ensure none contained quasi-identifiers
that could indirectly identify a person when combined (the k-anonymity risk). Since our data is synthetic,
it did not include explicit identifiers like names or addresses. For demonstration, we applied
pseudonymisation to Patient_ID: each ID was replaced with a random code (GUID) before deletion in
case logs needed to reference them. This step simulates GDPR-compliant pseudonymisation, where
identifying fields are replaced by codes that are only re-linkable via a secure mapping key held by the
data owner.

Additionally, if there were any free-text fields (none in our dataset, but common in EHRs, e.g. physician
notes), those would undergo data masking — removing or obfuscating names, locations, or other sensitive
phrases using NLP techniques. Our preprocessing pipeline ensures that by the time model training
begins, the data at each client is de-identified and normalised, containing only the necessary attributes
for prediction. Each client can thus share model updates confidently, knowing that even if those updates
were intercepted, they could not be reverse-engineered to reconstruct raw patient data beyond learned

patterns (which are protected further by FedProx and potentially DP in future enhancements).

By performing these preprocessing steps locally, we maintain privacy (raw data never leaves the client) and

prepare the data in a consistent format. The cleaned and encoded data from each client is now suitable for

tederated model training.

b. Feature Engineering
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To improve model performance and reduce complexity, we carried out feature engineering on the processed

dataset. Given the diverse nature of the features, this involved both domain-driven feature extraction and

algorithmic techniques:

Feature Extraction (Domain-Specific): Using domain knowledge, we created a few composite features
that could enhance  prediction. For example, we derived a BMI  Category
(Underweight/Normal/Overweight/Obese) from the BMI value - sometimes categorical risk strata
capture non-linear effects better than a raw continuous BMI. We also combined Smoking Habit and
Alcohol_Consumption into a single ordinal Lifestyle Risk Score (e.g., assigning points for current
smokers, heavy alcohol use, poor diet, etc., and summing them). This kind of feature distillation can
encapsulate the cumulative effect of unhealthy behaviours into one variable. Another extracted feature
was Chronic Condition Count: we summed the binary indicators Diabetes, disease, and Cancer for each
patient, yielding an integer (0 to 3) of how many major conditions they have. This can serve as a simple
proxy for overall health status or comorbidity burden, which is known to impact prognosis. These
engineered features are informed by medical insight — for instance, having multiple chronic diseases
often drastically increases the risk of complications or mortality. By introducing such features, we aimed
to provide the model with richer signals. Each client performed the same extraction logic on its local
data to maintain consistency. (In our synthetic data scenario, the benefit of these specific features might
be limited, but in a real dataset, they could be significant.)

Dimensionality Reduction (PCA): We applied Principal Component Analysis (PCA) on the full feature
set (after encoding) to identify underlying patterns and possibly reduce dimensionality. PCA is useful to
combine highly correlated features and reduce noise. For example, features like Diet_Quality,
Physical_Activity_Level, and BMI might all correlate with an underlying "lifestyle/obesity" factor. PCA
can capture that with one or two components. We analysed how much variance each principal
component explained. The first principal component in our data explained about 55% of the variance,
and the first two combined about 95% of the variance, indicating that much of the information is indeed
correlated and can be summarised in fewer dimensions [14]. However, we did not replace our original
features with PCA components for the final model for interpretability reasons — clinicians prefer models
with understandable features rather than abstract PCs. Instead, we used PCA as an exploratory tool to
visualise the data structure. A scree plot of PCA variance (Figure 1, not shown here) confirms that the
first two components dominate, and by the 3rd or 4th component, we exceed 99% cumulative variance.
This tells us there is significant redundancy in our feature set. If needed (for example, if model training
was slow or unstable due to many features), we could choose the top $m$ principal components as new
features. In our experiments, the model trained fine with the original features, so PCA was mainly used
to guide feature selection and to verify that heterogeneous clients had slightly different principal
component directions (which they did, implying some differences in data distribution per client).
Feature Importance Evaluation: To focus the model on the most relevant features, we evaluated feature
importance using two methods: Recursive Feature Elimination (RFE) and tree-based importance. RFE
works by recursively training a model and removing the least important feature until a desired number
remains [14]. Using RFE with a logistic regression model as an estimator, we identified a subset of features
that consistently contributed to prediction. The RFE-GRU approach in diabetes prediction research
inspired our usage of RFE - while we did not implement a GRU, the idea of refining features was
applicable. In our case, RFE indicated that Age, BMI, blood pressure, sleep duration, and Cholesterol
level were among the top predictors for heart disease risk (which aligns with medical intuition). We also

trained a Random Forest classifier on the aggregated data to obtain an importance ranking of features
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by Gini importance. The tree-based importance (shown in Figure 2 as a bar chart of top features) similarly
highlighted Age, Blood_Pressure, BMI, and Sleep_Duration as high-impact features (each accounting for
~11-12% of the model's decision splits), followed by Annual Checkups frequency and Family_History as
next important. Notably, lifestyle categories like Smoking or Alcohol did not rank as high, possibly
because BMI and existing conditions partially capture their effects. We visualised feature importance for
each client's local model as well - there were slight differences (e.g., in one client with older patients,
Age had even higher importance). By analysing these, we decided to keep all the top 10 features and
drop or combine some of the very low-importance ones (like we combined the multiple
Medication_Adherence dummies into a single ordinal scale feature) to simplify the model. Ultimately,
we did not aggressively reduce dimensionality (since 20 features are already manageable), but this process
ensured that no obviously irrelevant features polluted the training. The feature importance analysis also
provides interpretability; for instance, it confirmed that our model's key factors for heart disease include
known risk factors (Age, blood pressure, etc.), which gives confidence in the model's face validity.
Through feature engineering, we aimed to enhance the signal-to-noise ratio for the learning algorithms. All
clients performed the same feature engineering steps on their local data. One important consideration in a
federated environment is that any new features created (like BMI Category or risk score) must be defined
consistently across all sites — we achieved this by pre-defining the transformation logic and sharing it (for example,
a code snippet or instructions) with each client. This avoids a scenario where different clients have different
feature definitions, which would confuse the aggregated model. With the refined feature set prepared, we
proceeded to model training.
c. Machine Learning Model Training
Our federated learning setup involves a central server coordinating training with multiple client nodes (each
holding their local dataset partition). The overall training process follows the standard federated learning
paradigm (often called the Federated Averaging process [14]), with enhancements to address heterogeneity and
privacy:
e Split Learning Integration: We adopted a form of split learning in the model architecture to further
protect the privacy of each client. In split learning, the model is literally split into two parts: an initial
set of layers that reside and compute on the client side and the remaining layers on the server side [13].
Instead of sending raw data or full gradients to the server, the client only sends the intermediate
activations (output of the cut layer). The server then continues the forward pass, computes gradients for
the server side and sends back gradients for the cut layer to the client. This way, the client never exposes
raw features or labels — only intermediate representations. For our implementation, we experimented
with a simple neural network to illustrate split learning: e.g., a 3-layer feedforward network where the
first dense layer (with ReLU) is on the client, and the remaining two layers (one hidden, one output
sigmoid for prediction) are on the server. During training, each client computes the first layer's results
on its data and shares those (often called "smashed data") with the server [13]. The server aggregates
these if from multiple clients in a batch or processes them sequentially for each and sends back the
gradients for that layer. This approach, as shown by Yin et al (2023), can offer higher privacy than
standard FL because even model updates are split — the server never sees raw gradients of client-side
parameters, and the client never sees the server-side gradients beyond the cut. In our setup, to keep
things synchronous and simple, we actually had the server coordinate one client at a time for split
learning (i.e., one client forward passes, server forward/backwards, client backwards, then move to the
next client). This does not fully exploit parallelism but ensures clarity in the proof-of-concept. The use
of split learning is especially beneficial if our model is deep or if we are worried about certain features

being inferable from gradients. It added complexity to our implementation, but given that we are already
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simulating a federated environment, we considered it a worthwhile exploration. (In a scenario with very
high privacy requirements, one might use split learning along with encrypted transfer of smashed data,
but that was outside our scope.)
Federated Proximal (FedProx) Algorithm: The core federated optimisation algorithm we used is FedProx
[5]. The training proceeds in rounds. In each federated round:
(1) The server sends the current global model parameters $w_t$ to a selection of clients (in our
simulation, all 5 clients participate each round for simplicity; in larger settings, a fraction would be
sampled to reduce communication).
(2) Each client initialises its local model to $w_t$ and trains it on its local data for a fixed number of
epochs (we used 5 local epochs per round) with a local optimiser (stochastic gradient descent).
During this local training, FedProx modifies the loss function: for client $i$, instead of minimising
$L_i(w)$ (the local data loss), it minimises $L_i(w) + \frac{\mu}{2}|w - w_t|*2$. We set the FedProx
proximal coefficient $\mu = 0.1$ after some tuning — a small value that gently pulls the local solution
towards $w_t$. This means if a client's data tries to push the model too far from the initial global
model, the penalty term will counteract that, effectively limiting the step away from global.
(3) After local training, each client sends its updated weights $\tilde{w}i§ to the server.
(4) The server aggregates the updates, computing a weighted average $wi{t+1} = \sum_{i}
\frac{n_i}{N} \tilde{w}i$ (where $n_i$ is client $ i$'s number of samples and $N§ is total samples
across clients). This aggregated $w{t+1}$ becomes the new global model for the next round.
The process repeats for many rounds until convergence criteria are met (or a fixed number of rounds).
In our experiments, the model typically converged within ~20 rounds. We also implemented a standard
FedAvg (which is a special case of FedProx with $\mu=0$) for comparison. We observed that when data
distributions were made quite disparate (e.g., one client had mostly positive heart disease cases, another
mostly negative), FedAvg's client models diverged more, and the global model oscillated, whereas
FedProx maintained stability. This aligns with the literature that FedProx alleviates divergent behaviour
[2]. The proximal term essentially acted as a regulariser ensuring no single client's update could
drastically shift the global model. Notably, each client's local training used a learning rate of 0.01 for the
optimiser, and we decayed this by 0.95 every few rounds to ensure convergence.
Model Architecture and Traditional ML Baselines: For the actual predictive model, we tried a few types:
a logistic regression (generalised linear model), a neural network (as mentioned for split learning), and
a random forest. The primary results reported are for a logistic regression model (for ease of
interpretation in analysing features) trained in a federated manner. Logistic regression is convex, so one
would expect FedProx is not strictly necessary, but we still applied FedProx to maintain consistency
because heterogeneity can still affect convergence speed in convex settings. We also trained a traditional
centralised model on the combined dataset (what we call a "pooled model") as an upper-bound reference
and individual local models on each client's data as a lower-bound reference. Additionally, we tested a
single-round scenario (which is akin to each client training on its data and the server just averaging once
— essentially one step of FedAvg) to simulate a naive collaboration. These comparisons allowed us to
evaluate the benefit of multi-round federated training and the FedProx tweak. We ensured to use of the
same random initialisation for all approaches to make results comparable. For evaluation, after each
training approach, we gathered the global model and evaluated it on a test set. Since our data is synthetic,
we partitioned it into training (80%) and testing (20%) before distributing it to clients (so each client
had its share of training data, and we had a separate held-out test set representing new patients). This

test set was used to compute overall Accuracy, Fi-score, and ROC-AUC for the models.
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In the federated context, privacy is preserved by default since raw data never leaves the client. Our
implementation did not transmit anything other than model parameters/gradients and the split learning
intermediate outputs (for the NN case). We also zeroed out any debugging info that could accidentally log data.
Each client effectively acts like a secure data enclave that only communicates model information. If we had
implemented differential privacy, we would, at this point, inject noise into the model updates on the client side
(for instance, adding Gaussian noise to $\tilde{w}_i$ before sending to the server) [7], but we left that for future
extension. Nonetheless, the privacy in our FedProx training is significantly stronger than a centralised approach
- no patient-level data is ever aggregated on the server, and any single client's influence on the global model is
moderated by FedProx and the averaging of other clients' updates.
To summarise our training implementation, we successfully set up a federated learning loop with FedProx and
integrated a simple split-learning-based neural network test. The FedProx logistic regression was our primary
model for disease (heart disease) prediction. The training was run for enough rounds to reach convergence (we
monitored the global model's validation loss each round). The pseudocode for the FedProx algorithm in our
context is as follows:
Initialize global weights w(0) randomly
for each round t =1 to T:

for each client in parallel:

w_i(t) = LocalTrainProx(w(t-1), mu, local_data_i) # train on client with FedProx regularization

w(t) = (1/N) *sum_i (n_i * w_i(t)) # aggregate by weighted averaging
where LocalTrainProx(w_start, mu, data) performs SGD on the client’s loss + (mu/2)||w - w_start||*2 for a few
epochs and returns the updated weights. After training, we obtained the final global model $w(T)$. Next, we

present the experimental results comparing this federated model to other baselines and discuss its performance.

V. Experimental Results

We evaluated the performance of different learning models for privacy-preserving disease prediction, comparing
Local Models, FedAvg, FedProx, and a Centralised Model using Accuracy, Fi-Score, and ROC-AUC as key

metrics.

Model Accuracy F1-Score ROC-AUC
1 Local Model 0.85 0.7 0.65
2 FedAvg 0.82 0.83 0.85
3  FedProx 0.84 0.85 0.88
4  Centralized Model 0.86 0.86 0.9

Table 1: Federated Learning Model Performance

Metrics
Accuracy
0.95 | === Fl-Score
== ROC-AUC

Local Model FedAvg FedProx Centralized Model
Model Type
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Figl Comparison of Model Performance Metrics
1. Performance Comparison

e Local models trained on individual client data performed the worst, with an accuracy of 65%, Fi-score
of 70%, and ROC-AUC of 65%, highlighting the limitations of isolated learning.

e FedAvg improved generalisation, achieving an accuracy of 82%, an Fi-score of 83%, and a ROC-AUC
of 85%, though it struggled with data heterogeneity.

e FedProx, incorporating a proximal term to mitigate client drift, further enhanced performance with an
accuracy of 84%., Fl-score of 85%, and ROC-AUC of 88%, confirming its ability to stabilise federated
training on heterogeneous data.

e The Centralized Model (trained with combined data) achieved the highest accuracy (86%) and ROC-
AUC (90%), serving as an upper bound for federated approaches.

2. Analysis of FedProx's Impact

e FedProx outperformed FedAvg by +2% in accuracy and Fi-score, demonstrating improved convergence
stability on non-IID healthcare datasets.

e It closely approached the Centralized Model's performance, validating its suitability for multi-center
collaborations without compromising privacy.

e Feature Importance Analysis highlichted Age, Blood Pressure, BMI, and Sleep Duration as the most
influential predictors, aligning with medical insights.

e Principal Component Analysis (PCA) showed that two principal components captured 95% variance,
confirming the dataset's structure.

Overall, FedProx successfully enables privacy-preserving, high-accuracy disease prediction and is a promising

alternative for secure, federated healthcare Al systems.

VI. Conclusion and Future Scope

This study illustrates that Federated Proximal (FedProx)--based federated learning effectively facilitates privacy-
preserving disease prediction while concurrently maintaining high predictive performance. Our model attained
an accuracy rate of 84%, which closely aligns with centralised models, all the while ensuring the confidentiality
of patient data. The approach adeptly addresses the challenges posed by data heterogeneity, thereby establishing
its viability for multi-center healthcare collaborations. Future research will delve into the integration of
difterential privacy to enhance security, the optimisation of asynchronous federated learning for scalability, and
the incorporation of blockchain technology for auditability. Expanding this methodology to encompass multi-
modal healthcare data (such as genomics and imaging) may further augment predictive capabilities.
Furthermore, personalised federated learning could refine local model adaptations for diverse hospital datasets.
Real-world implementation coupled with continuous learning will serve to validate its practical utility in clinical
decision-making. This research underscores the promise of privacy-preserving artificial intelligence in healthcare,
thus paving the way for secure federated disease prediction systems across various institutions.
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Advancements in Shape-Based Object Recognition: A Review of Digital Image
Processing Approaches
Amar Chand!, Prof. Randeep Singh?

Abstract

Digital image processing plays a crucial role in object recognition, a field integral to computer
vision and artificial intelligence. Traditional approaches predominantly rely on color and texture
features, often encountering challenges under varying environmental conditions. This review paper
explores advancements in shape-based object recognition, emphasizing the development of robust
shape descriptors, their integration into object recognition frameworks, and their effectiveness in real-
world applications. The paper further examines the role of machine learning in enhancing shape-based
recognition, assesses the robustness of these approaches under challenging scenarios, and compares
their performance with conventional methods. By analyzing recent studies and emerging trends, this
review contributes to the understanding of shape-based object recognition and highlights future
research directions.

Keywords: Digital Image Processing, Object Recognition, Shape Descriptors, Computer Vision,
Machine Learning, Robustness, Feature Extraction, Pattern Recognition.

1. Introduction

Object recognition is a critical component of digital image processing, playing an essential role in
various fields such as computer vision, robotics, security, and medical diagnostics. The primary goal
of object recognition is to identify and classify objects within an image, enabling systems to make
intelligent decisions based on visual data. Traditional object recognition methods predominantly rely
on color, texture, and edge detection techniques, which are effective in controlled environments but
face challenges in real-world applications where lighting, occlusion, and complex backgrounds
introduce variability.

Shape-based object recognition has emerged as a robust alternative, leveraging intrinsic geometric
and topological features to improve recognition accuracy. Unlike color and texture, shape remains
invariant to variations in illumination and surface texture, making it a reliable characteristic for object
identification [1]. Recent advancements in digital image processing have led to the development of
sophisticated shape descriptors, contour-based techniques, and mathematical models that enhance
shape recognition capabilities. These techniques are particularly valuable in scenarios such as medical
imaging, where shape analysis aids in disease diagnosis, and in industrial automation, where precision
in shape detection ensures quality control.

The integration of machine learning and deep learning into shape-based object recognition has
further expanded its potential. Convolutional Neural Networks (CNNs) and transfer learning models
have significantly improved feature extraction and classification, reducing the need for manual feature
engineering [2]. Additionally, the fusion of shape-based recognition with traditional object recognition

techniques has led to the development of hybrid models that offer enhanced accuracy and robustness.
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This review paper explores the evolution of shape-based object recognition, detailing the latest
methodologies, their integration with machine learning, and their practical applications. It aims to
provide insights into the strengths and limitations of existing approaches while highlighting future
research directions for improving recognition accuracy and efficiency [2][3].

2. Fundamental Concepts in Shape-Based Object Recognition

Shape-based object recognition is a vital domain within digital image processing that focuses on
identifying and classifying objects based on their geometric and structural properties. Unlike color and
texture-based methods, which are susceptible to changes in lighting, occlusion, and background noise,
shape-based techniques provide robust and invariant recognition across diverse conditions [4]. This
section explores the key principles underlying shape-based object recognition, including shape
representation techniques, feature extraction methods, and mathematical modeling.

2.1 Shape Representation Techniques

Shape representation is the foundation of object recognition, determining how objects are
characterized and stored for further analysis [5]. The choice of representation directly impacts the
effectiveness of recognition algorithms. Three primary shape representation techniques are widely
used:

2.1.1 Contour-Based Methods

Contour-based methods focus on the external boundaries of an object. These techniques extract
edge information to define the shape outline, making them effective for recognizing objects with clear
and distinct boundaries [6]. Some common contour-based techniques include:

e Chain Codes: These encode the sequence of boundary pixels into a compact numerical
format, preserving connectivity and directionality.

e Fourier Descriptors: By transforming object contours into frequency components using
Fourier Transform, these descriptors provide a scale, rotation, and translation-invariant
representation of shape.

e Shape Contexts: Introduced by Belongie et al., this method represents object contours
using log-polar histograms, facilitating robust shape matching.

Contour-based approaches are computationally efficient and well-suited for real-time applications.
However, they struggle with objects that lack clear boundaries or those partially occluded by other
objects [7].

2.1.2 Skeleton-Based Representations

Skeletonization reduces an object’s shape to a simplified, one-pixel-wide representation known as
the medial axis [8]. This method preserves the fundamental structure of an object while eliminating
unnecessary details. Common skeleton-based techniques include:

e Thinning Algorithms: These iterative techniques reduce object pixels while maintaining
connectivity, often used in handwriting recognition.

e Voronoi Diagrams: These partition an image into regions based on distance to shape
boundaries, useful for analyzing complex object structures.

o Graph-Based Representations: Objects are modeled as graphs where key points form
nodes, and edges define structural relationships [9].

Skeleton-based methods are beneficial in applications where internal object structure is crucial,
such as biometric recognition and medical imaging [10].

2.1.3 Region-Based Descriptors
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Unlike contour and skeleton-based methods, region-based techniques analyze the entire object
area rather than just its edges [12]. These methods extract global shape properties, making them robust
against noise and occlusion. Examples include:

o Geometric Moments: Statistical descriptors such as Hu Moments provide rotation and
scale-invariant shape representation.

e Zernike Moments: These complex polynomial functions offer improved reconstruction
capabilities and noise resilience.

e Statistical Region Descriptors: Features such as area, eccentricity, and convexity provide
quantitative measures of object shape.

Region-based methods are particularly useful in scenarios where texture and internal structure
influence object classification, such as medical diagnostics and industrial quality control.

2.2 Feature Extraction for Shape-Based Recognition

After representing an object’s shape, the next step is to extract meaningful features that enable
classification and matching [14]. Feature extraction techniques can be categorized into geometric,
topological, and hybrid approaches.

2.2.1 Geometric Descriptors

Geometric descriptors quantify an object’s shape using measurable properties, including:

e Aspect Ratio: Measures the relationship between width and height.
e Convexity: Evaluates how closely an object resembles its convex hull.
e Eccentricity: Determines how elongated an object is based on its major and minor axes.

These descriptors are widely used in industrial inspection systems and defect detection applications
[16].

2.2.2 Topological Features

Topological features focus on the connectivity and arrangement of object components, often used
in complex recognition tasks [17]. Common topological descriptors include:

e Euler Number: Represents the number of object regions minus the number of holes.

o Connectivity Graphs: Analyze the relationship between object parts, crucial in scene
understanding and medical imaging.

e Curvature-Based Features: Evaluate how an object’s boundary curves, aiding in shape
classification.

Topological features are beneficial in recognizing objects with varying structural complexity, such
as anatomical structures in medical imaging [18].

2.2.3 Hybrid Feature Extraction Methods

Hybrid approaches combine geometric and topological features to enhance recognition accuracy.
Examples include:

e Histogram of Oriented Gradients (HOG): Captures edge direction and intensity,
commonly used in pedestrian detection.

e Scale-Invariant Feature Transform (SIFT): Detects key points across scales and rotations,
widely used in object tracking.

e Deep Learning Feature Extractors: CNN-based models automatically learn shape
features, improving recognition in complex environments.

Hybrid methods leverage multiple feature types, making them versatile for various applications,

including robotics and autonomous navigation [19].
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2.3 Mathematical Representations of Shape

Mathematical models provide a theoretical framework for defining and analyzing object shapes.
Three commonly used mathematical representations include:

2.3.1 Fourier Descriptors

Fourier analysis transforms shape contours into frequency components, allowing objects to be
represented using a compact set of coefficients [20]. Key advantages include:

e Rotation, Scale, and Translation Invariance: Objects can be recognized regardless of
orientation and size.

e Noise Filtering: High-frequency components can be removed to smooth object
boundaries.

Fourier descriptors are widely used in character recognition and signature verification.

2.3.2 Moment Invariants

Moment-based methods describe object shapes using statistical measures. Common techniques
include:

e Hu Moments: A set of seven invariant moments that provide rotation and scale-
independent shape representation.

o Zernike Moments: Complex polynomials that offer improved shape reconstruction
capabilities [21].

Moment invariants are extensively used in medical image analysis and document processing.

2.3.3 Graph-Based Shape Representation

Graph-based models define object shapes using nodes and edges, allowing for structural analysis
[22]. These models are effective in:

e Shape Matching: Comparing objects based on graph similarity.
e Scene Understanding: Extracting object relationships in complex environments.

Graph-based methods are commonly employed in 3D object recognition and augmented reality
applications [23].

3. Integration of Shape-Based Recognition with Other Methods

Object recognition in digital image processing is a complex task that benefits from integrating
multiple recognition techniques. While shape-based recognition provides a reliable way to identify
objects based on their geometric and structural properties, it can be further enhanced when combined
with other methods such as color, texture, and machine learning-based approaches [24]. By leveraging
multiple features, recognition accuracy and robustness can be significantly improved, making object
detection more reliable across various applications.

This section explores different integration strategies, including the fusion of shape-based
recognition with traditional methods and the incorporation of machine learning techniques to enhance
object identification.

3.1 Combining Shape, Color, and Texture Features

Shape is an essential characteristic of objects, but in many cases, relying solely on shape
information may not be sufficient [25]. This limitation arises in scenarios where objects have similar
shapes but differ in color or texture, such as distinguishing between different fruits or identifying
products in retail environments. Integrating shape with color and texture features creates a more
comprehensive object recognition framework.

3.1.1 Feature Fusion Techniques
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Feature fusion is a technique that combines multiple feature sets—shape, color, and texture—to
enhance the recognition process. There are three primary approaches to feature fusion:

1. Early Fusion (Feature-Level Fusion): In this approach, features from different modalities
(shape, color, texture) are extracted independently and then concatenated into a single feature
vector before classification.

oExample: Combining Hu Moments (shape) with Color Histograms (color) and
Gabor Filters (texture) to improve classification accuracy in pattern recognition tasks
[26].

2. Mid-Level Fusion (Feature Transformation): This method applies transformations to
extracted features to create a new feature space, allowing more complex relationships to be
captured. Principal Component Analysis (PCA) and Linear Discriminant Analysis (LDA) are
commonly used for dimensionality reduction and feature transformation [27].

3. Late Fusion (Decision-Level Fusion): Here, individual classifiers are trained on different
feature sets (shape-based classifier, color-based classifier, texture-based classifier), and their
outputs are combined using techniques like weighted voting, majority voting, or ensemble
learning.

oExample: In medical imaging, shape-based analysis may detect tumor boundaries,
while texture analysis determines malignancy characteristics, and a final decision is made
by combining both classifiers [28].

By integrating shape with color and texture, recognition accuracy improves, especially in real-
world applications where lighting, occlusion, and background variations affect individual feature
reliability.

3.2 Machine Learning Approaches in Shape-Based Recognition

Machine learning plays a crucial role in modern object recognition by enabling adaptive and
automated learning from data [29]. Traditional shape-based methods rely on handcrafted features, but
with the advent of deep learning and statistical machine learning, feature extraction and classification
have become more efficient and scalable [30].

3.2.1 Deep Learning for Shape Recognition

Deep learning models, particularly Convolutional Neural Networks (CNNs), have revolutionized
object recognition by automatically learning shape features from large datasets. Unlike conventional
approaches that require manually engineered shape descriptors, CNNs extract features hierarchically
from raw pixel data, capturing intricate shape details.

e Edge Detection and Contour-Based CNNs:

0CNNss can be trained on contour-based representations, allowing them to identify
shapes in cluttered environments [31].

oExample: Detecting handwritten digits in Optical Character Recognition (OCR)
using contour-enhanced CNNs [31].

e Hybrid CNN Architectures:

oSome models combine shape recognition with additional layers for color and
texture analysis [32].

oExample: A CNN that uses Sobel filters to enhance shape edges before feeding
the data into deeper layers for classification [32].

3.2.2 Transfer Learning for Improved Adaptability
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Transfer learning is a technique that leverages pre-trained deep learning models (such as VGG16,
ResNet, and MobileNet) to improve object recognition. Instead of training a model from scratch,
existing networks are fine-tuned using domain-specific shape data [33].

e Advantages of Transfer Learning in Shape Recognition:
oReduces the amount of labeled data required for training.
oEnhances accuracy by leveraging knowledge from previously trained models.
oAdapts to different object recognition tasks with minimal modifications.

Example: A pre-trained ResNet model fine-tuned for recognizing vehicle shapes in traffic
surveillance applications.

3.2.3 Hybrid Models Combining Traditional and Deep Learning Methods

While deep learning models are highly effective, they can be computationally expensive and
require large datasets. Hybrid models aim to combine the best of both worlds—Ileveraging traditional
shape descriptors alongside deep learning techniques [34].

o Feature Extraction + Machine Learning Classifier:
oExtract shape descriptors (e.g., Fourier Descriptors, Zernike Moments) and use
machine learning classifiers (SVM, Random Forest) for recognition [35].
oExample: Recognizing plant species using shape-based features with an SVM
classifier.
e Deep Learning Assisted Feature Extraction:
oUse deep networks to refine shape descriptors before feeding them into a machine
learning classifier [36].
oExample: Enhancing shape-based fingerprint recognition using a combination of
CNN-extracted features and SVM classification.

Hybrid models are particularly useful in cases where labeled data is limited, and computational
resources are constrained.

3.3 Advantages of Integrating Shape-Based Recognition with Other Methods

The integration of shape-based recognition with other techniques provides several advantages:

1. Improved Recognition Accuracy:
0Combining shape with color and texture reduces errors caused by missing or
ambiguous shape information.
oExample: Identifying handwritten characters more accurately when shape and
texture features are used together.
2. Enhanced Robustness to Variability:
olntegration helps overcome challenges posed by varying lighting conditions,
occlusion, and noisy backgrounds.
oExample: Medical image segmentation benefits from both shape and texture
information to detect tumors.
3. Flexibility Across Applications:
oShape-based recognition is applicable in multiple domains, and integration makes
it adaptable to different use cases.
oExample: Self-driving cars use shape for detecting road signs while integrating
color information for traffic light recognition.

4. Better Generalization with Machine Learning:
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oHybrid models leveraging machine learning techniques improve generalization,
making recognition systems more effective in real-world applications.

4. Robustness of Shape-Based Object Recognition

Robustness is a critical factor in shape-based object recognition, ensuring the system performs
accurately under varying conditions such as occlusion, lighting changes, scaling, and background
complexity [37]. A robust shape recognition system should maintain high accuracy and adaptability
across different environments without being significantly affected by noise or distortions.

4.1 Challenges in Object Recognition

Several factors influence the robustness of shape-based object recognition:

e Variability in Lighting Conditions: Shadows, reflections, and changes in illumination
can alter an object’s appearance, making shape extraction challenging. Robust systems must
incorporate illumination-invariant techniques, such as edge-based feature extraction and
adaptive thresholding [38].

e Occlusion and Cluttered Backgrounds: Partial occlusion of objects due to overlapping
elements or complex backgrounds can lead to misclassification [39]. Techniques such as
contour completion, statistical shape models, and deep learning-based segmentation help in
handling occlusions.

e Scaling and Viewpoint Changes: Objects viewed from diftferent angles or distances
appear different in size and orientation. Robust systems employ scale-invariant and rotation-
invariant shape descriptors like Fourier Descriptors and Zernike Moments to maintain
recognition accuracy [40].

e Noise and Distortions: Variations due to image noise, blurring, or low resolution can
impact feature extraction. Preprocessing techniques such as Gaussian filtering and
morphological operations improve the resilience of shape recognition systems [41].

4.2 Performance Evaluation Metrics
To assess the robustness of shape-based object recognition, various performance evaluation metrics
are used:

e Precision and Recall: Measure how eftectively a system identifies relevant objects while
minimizing false positives and false negatives [42].

e Fi-Score: A balanced measure of precision and recall, providing a holistic performance
assessment.

e Accuracy: Determines the proportion of correctly classified objects against the total
samples.

e Computational Efficiency: Evaluates processing time and resource consumption, which
are crucial for real-time applications.

4.3 Enhancing Robustness through Machine Learning
Machine learning techniques significantly improve robustness by learning shape variations and
adapting to challenging conditions:

e Convolutional Neural Networks (CNNs): Automatically extract shape features while
being resilient to distortions and occlusions [43].

e Data Augmentation: Training models with varied shapes, backgrounds, and occlusions

enhances generalization.
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e Hybrid Recognition Models: Combining shape-based recognition with texture, depth,
or motion analysis further strengthens robustness.

5. Applications of Shape-Based Object Recognition

Shape-based object recognition has a wide range of applications across multiple industries,
including healthcare, manufacturing, security, and autonomous systems [44]. Its ability to accurately
identify objects based on geometric and structural features makes it an essential tool in modern digital
image processing.

5.1 Medical Imaging and Diagnostics

Shape-based object recognition plays a crucial role in medical image analysis, where accurate
detection and classification of anatomical structures are essential for diagnosis and treatment planning
[45].

e Tumor Detection and Classification: Shape-based methods are used to identify tumors
in medical images such as MRIs, CT scans, and X-rays. The irregular shape of tumors can be
analyzed to determine malignancy [46].

e Organ and Tissue Segmentation: Shape recognition helps in segmenting different organs
and tissues, aiding in automated medical diagnosis and surgical planning.

e Biomedical Image Analysis: In pathology, shape-based recognition is used to classify cell
structures, assisting in disease identification and prognosis prediction [47].

5.2 Industrial Automation and Quality Control
Manufacturing industries use shape-based recognition for precision, automation, and defect
detection in production lines.

e Defect Detection in Production: Shape recognition helps identify defective parts in
assembly lines by comparing manufactured products to predefined shape models [48].

e Automated Assembly Line Inspection: Robotics equipped with shape recognition
technology ensure quality control by verifying the structural integrity of components.

e Sorting and Packaging Systems: Shape-based recognition is used in automated sorting
systems to classify products based on size, shape, and structure [49].

5.3 Autonomous Navigation and Robotics
Shape-based object recognition enhances the functionality of self-driving vehicles, drones, and
robotic systems.

e Obstacle Detection and Avoidance: Autonomous vehicles use shape-based techniques
to recognize pedestrians, road signs, and other obstacles for safe navigation.

e Robotic Manipulation and Grasping: Robots use shape recognition to identify and
manipulate objects in unstructured environments, improving automation in industries and
healthcare.

e Surveillance and Security Systems: Shape-based recognition is integrated into security
systems for facial recognition, suspicious object detection, and anomaly identification in
surveillance footage [50].

5.4 Forensic Science and Biometrics
Shape-based recognition is widely used in forensic investigations and biometric authentication
systems [51].

o Fingerprint and Iris Recognition: Shape analysis helps in extracting unique features for

biometric identification.
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e Forensic Image Analysis: Law enforcement agencies use shape-based techniques to
analyze crime scene evidence and reconstruct events based on object shapes.

6. Future Directions and Research Challenges

Shape-based object recognition has seen significant advancements, yet several challenges remain
that need to be addressed for further improvements [52]. As technology evolves, future research should
focus on enhancing accuracy, computational efficiency, and adaptability to real-world conditions. This
section explores key future directions and research challenges in shape-based object recognition.

6.1 Advancements in Deep Learning for Shape Recognition

Deep learning has revolutionized object recognition, but challenges persist in training robust
models for shape-based recognition [53]. Future research should focus on:

e Enhancing CNN Architectures: Optimizing deep learning models to extract shape
features more effectively while reducing computational complexity.

o Self-Supervised and Few-Shot Learning: Developing models that require minimal
labeled data for training, making shape recognition adaptable to new categories with limited
samples [54].

e Transformer-Based Shape Recognition Models: Exploring Vision Transformers (ViTs) to
capture shape information with greater efficiency and contextual awareness [54].

6.2 Real-Time Processing and Computational Efficiency
While shape-based recognition is highly accurate, computational overhead remains a significant
challenge, especially for real-time applications [55]. Key areas for improvement include:

e Edge Al and Hardware Acceleration: Implementing shape-based recognition on edge
devices using optimized neural network architectures to enable real-time processing with
minimal power consumption [55].

e Parallel and Distributed Processing: Leveraging GPU and cloud computing for large-
scale shape-based recognition tasks in high-resolution image datasets.

o Energy-Efficient Algorithms: Developing lightweight models that maintain high
recognition accuracy while reducing memory and processing requirements.

6.3 Integration with Multi-Modal Recognition Systems
Future research should explore the fusion of shape-based recognition with other modalities,
including:

e 3D Shape Recognition: Using depth information from LiDAR and stereo vision to
enhance shape-based recognition, particularly in autonomous navigation and augmented
reality.

o Integration with Textural and Spectral Analysis: Combining shape with texture and
hyperspectral data to improve object recognition in complex environments such as medical
imaging and remote sensing [56].

e Cross-Domain Adaptation: Developing shape recognition models that generalize well
across different domains, from natural scenes to industrial applications.

6.4 Ethical Considerations and Bias Mitigation
As shape-based recognition is increasingly used in security and biometric applications, ethical
challenges must be addressed:

e Bias in Recognition Models: Ensuring that datasets used for training are diverse to
prevent bias in object recognition systems [57].
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e Privacy and Data Security: Implementing secure frameworks to protect sensitive
biometric and surveillance data [58].

e Regulatory Compliance: Adhering to global standards and regulations for ethical Al
deployment in shape-based recognition systems.

7. Conclusion

Shape-based object recognition has emerged as a powerful technique in digital image processing,
offering robustness and accuracy in various real-world applications. Unlike traditional methods that
rely solely on color and texture, shape-based recognition leverages geometric and structural properties,
making it highly effective in environments with varying lighting conditions, occlusions, and complex
backgrounds.

The integration of shape-based recognition with deep learning, feature fusion techniques, and
multi-modal recognition systems has significantly enhanced object detection and classification
accuracy. Applications in medical imaging, industrial automation, robotics, and security further
highlight the impact of shape-based approaches in diverse fields.

Despite these advancements, challenges remain, particularly in real-time processing,
computational efficiency, and ethical concerns. Future research should focus on optimizing deep
learning models, reducing computational overhead, and ensuring fairness and security in recognition
systems.

In conclusion, shape-based object recognition will continue to evolve with technological
advancements, driving improvements in artificial intelligence, computer vision, and automation. By
addressing existing challenges and embracing emerging trends, researchers can further enhance the

capabilities and reliability of shape-based recognition systems for broader applications.
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Network Analysis and Scientific Mapping of Silviculture Research in Top Ten
Countries
Sharma, Diksha! , Parmar, Akanksha? & Vikramjeet3

ABSTRACT

The present study is based on the bibliometric analysis of silviculture research of Scopus database
from the period of 2012-2021.This work try to find out the various bibliometric parameters such as
year wise growth with citations, relative growth rate and doubling time, scientific prolife of authors,
collaborative coefficient and collaborative index of authorship pattern, Co-authorship index, top
subjects, affiliations & funding sponsors, document & country wise publication in that particular
period. The study find out that 2013 is the most significant year with highest (208) number of
publications and citations (5104).Pretzsch,H is the most prolific author with maximum
publications(27),h-index (59) & citations(12077), as documents wise publications is concerned
maximum 1736 articles were published (91.85%) and U. S ranked topped among all other countries
in publications (27.68%).1t is found that total 42.05 open access publications are available in which
gold is 17.03, Hybrid gold (4.92), Bronze (13.03), Green (22.97).

Keywords: silviculture, forest, bibliometric study, tress, forest crops, bibliometrics, Relative growth

rate and doubling time, Collaboration coefficient and collaborative index of authorship pattern.

INTRODUCTION: The word silviculture is made of combining two words SILVI and CULTURE. Silvi
is a Latin word that means FOREST & culture means growing or cultivating. Therefore, Silviculture is
the branch of forestry which deals with the practices of cultivating or producing forest crops on the
basis of their silvics. Silvics is the study of historical development, growth and special features of forest
tress. silviculture system is an overall process that involves the ecology, plant physiology, entomology,
soil science, economic and biological conditions that effects the plant growth in the area of forest.
Indian forest and forest terminology, published by forest research institute and college define

silviculture as, “the art and science of cultivating forest crops”.

According to Toumey and Korstain, “silviculture is that branch of forestry which deals with

establishment, development, care and reproduction of stands of timber”.

According to Manual of forestry, a silviculture system may be defined as, “the systematically arranged
methods of formation, regeneration tending and utilisation of the forests”

Traditionally silviculture is only concerned with the production of timber but recently it involves
others benefits obtained from these plants also. The process involves the methods of Regeneration
(like natural regeneration, seedlings), forms of crops produced (like regular or irregular), arrangement

of crops over the forests. Silviculture helps to study the benefits of forest tress, their important uses,
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area of forest under coverage, the reasons of vanishing the forest, how we can convert manmade forest
into natural forests.

Silviculture system’s goal is to regulate the growth of forest, the conservation of wildlife, introducing
of exotics species of plants, conservation of soil from soil erosion during floods and maintenance of

water level in the environment. It provides raw material from industry.

SCOPE OF THE STUDY: The study is globally restricted to ten countries who contributed the
maximum publications in silviculture research during the period of 2012-2021 i.e. 1. United states 2.
Canada 3. Germany 4. Brazil 5. Spain 6. Australia 7. Italy 8. France 9. Sweden 10. China. All the

research paper were indexed in Scopus database.

LITERATURE REVIEW:

Uribe-Toril (2019) conducted a bibliometric study of articles published in forest journal from the time
period from 2010-2018. The study analysed and examined various bibliometric parameter and found
that United States of America is the leading country having (667) articles published followed by china
and Canada 387 and 235 respectively. During the peiod 2014 is the most Significant year having largest
number of publications. The National Natural Science Foundation of China (NNSFC) is leading
funding institution that provide financial support to 182 articles published by it. The main area of
knowledge in which articles published were Forestry (2094), followed by plant sciences (2043), &

environmental science ecology (1065).

Song & Zhao (2012): This paper investigates bibliometric analysis of global forest ecology 2002 -2011
from web of science dataset. The various aspects such as keyword analysis by country/ wise, most
productive author, research is related to forest ecology, annually indexed articles, top journal related
to forest ecology were analysd. During the study, North America is the leading country published
44.71% of articles followed by 12 european countries i.e. 42.355. National science foundation of U.S.A.
is the most funding agency that published 2240 articles with 2.84% ratio. Bergeron Y of Canada is
the most productive author published 146 articles.

Jankovsky, M et al. (2012) carried out bibliometric study on innovations in forest economy from 2010-
2021. The study analysed total 161 papers having keywords specified the study. In totality 2953 papers
cited in web of science. Toppinen, A has maximum 10 publications followed by Stern, T & Hellsmark,
H having 6 & % respectively. Germany is the most dominant country publishing maximum 33 papers.
Forest policy & economics is the journal publishing maximum 28 papers cited 352 times with 12%

share of all citations.25% of papers published are of forestry.

Suresh & Babu (2019): The objective of this work was to investigate the scientometric study of research

in agronomy from 1956-2017. The study analysed the annual publication which is 195 maximum in
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2014, document type distribution (1057 articles), year wise authorship pattern and their percentage
(67 single authors, 207 double author, 252 three authors & 673 multiple authors) contributed for
paper publishing. Y. S. Shivay was the most productive author. Moreover, degree of collaboration,
relative growth rate, doubling time were also discussed in the paper.
Fazeli-varzanch, M. et. al. (2019): This paper investigate the bibliometric study on Forest research in
Middle East from 2005-2019. The work gave the comparison among Iran, Israel & Turkey. Among
them Maximum 1529 documents were published by Turkey followed by Iran 726 & Israel by 219.
Moreover, the study also describes popular journal in which most of the forest resesrch papers were
published. University of Tehran in Iran, volcani institute of Agriculture research in Israel & Istanbul
University in Turkey is the dominant institute who published highest no. Of documents i. e.
204,77,218 respectively. Most productive authors list, keywords clustering frequency among these
countries were also described in the study.

Hazarika, T. et. al. (2003) conducted a bibliometric study of Indian forester in the year 1991-2003.The
study find out that 1996 is significant year having highest 156 number of publications i. e. 11.13% of
total while lowest 114(8.13%) papers were published in 1992.Indian Council of forestry research and
education (ICFRE) contributed maximum 487(34.74%) number of papers. Among Indian states U. P.
published maximum number of papers followed by Madhya Pradesh and Himachal while among
foreign countries Bangladesh contributed maximum 14 papers. The work also analysed the authorship
pattern of paper, subject wise analysis of paper in which highest 430(30.67%) papers are of silviculture
subject.

OBJECTIVES OF THE STUDY
The main objective of the study is to:

Analyse the Degree of Authors Collaboration
Examine the Relative Growth rate and doubling time f the publications

Identify the Collaboration Coefficient and Collaboration Index of authorship Patterns

P b=

Examine the co-authorship index of author in silviculture research

METHODOLOGY

The data for the present study was retrieved from Scopus database. It is an online abstracting and
citation database of peer reviewed literature. The following search string used to collect the data for
study.

Your query : (TITLE-ABS-KEY("Silviculture") AND ( LIMIT-TO ( PUBYEAR,2021) OR LIMIT-TO (
PUBYEAR,2020) OR LIMIT-TO ( PUBYEAR,2019) OR LIMIT-TO ( PUBYEAR,2018) OR LIMIT-TO
( PUBYEAR,2017) OR LIMIT-TO ( PUBYEAR,2016) OR LIMIT-TO ( PUBYEAR,2015) OR LIMIT-
TO ( PUBYEAR,2014) OR LIMIT-TO ( PUBYEAR,2013) OR LIMIT-TO ( PUBYEAR,2012) ) AND (
LIMIT-TO ( AFFILCOUNTRY,"United States" ) OR LIMIT-TO ( AFFILCOUNTRY,"Canada" ) OR
LIMIT-TO ( AFFILCOUNTRY,"Brazil" ) OR LIMIT-TO ( AFFILCOUNTRY,"Germany" ) OR
LIMIT-TO ( AFFILCOUNTRY,"Spain" ) OR LIMIT-TO ( AFFILCOUNTRY,"Italy" ) OR LIMIT-TO (
AFFILCOUNTRY,"Australia" ) OR LIMIT-TO ( AFFILCOUNTRY,"France" ) OR LIMIT-TO (
AFFILCOUNTRY,"China" ) OR LIMIT-TO ( AFFILCOUNTRY,"Sweden" ) ) AND ( LIMIT-TO (
PUBSTAGE,"final" ) ) AND ( LIMIT-TO ( EXACTKEYWORD,"Silviculture" ) ) )
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A total 1890 research papers were published during the period 2012-2021.These records and their
complete bibliographic description were extracted from Scopus database. The data was analysed and

tabulated in MS Excel application software and tested by various tools to achieve the objectives.

DATA ANALYSIS

Year-wise growth with citations: Table 1 shows the distribution of silviculture research papers during
the period study i.e. from 2012 - 2021. On the observation of table 1, it is analysed that the frequency
of silviculture research publications increases in a year and get decrease in next year. It shows the same
pattern as one year increment and next year decrement. like in 2012, number of publication is 204,
but when we observe it in 2013 it gets increased its number by 208 number of publications that shows
minor gap of increase of 4 publication in next year. Similarly In 2014, number of publication (163)
that shows its level gets decreased by 45 publications while that in year 2015, it gets increased its
number by 168. Likewise, in the years 2016, 2018 & 2020 number of publications were 173,179 & 201
that gets increased in their consequetive next year 2017,2019& 2021 by 197, 190 &207 respectively.
The Annual Growth Rate also follows the same pattern of year wise publications like in odd years AGR
is getting increased & in even years it shows its increased level. In 2012 AGR is 0.00, In 2013 it gets
increased by 1.96 then next 2014 year it shows its minimum value of -21.63. subsequently one year it
gets increase and next year it gets decrease. The maximum citations were recorded in 2013 i.e. 5104

while least recorded were in 2021 i.e. 188.

Table 1: Year wise distribution of Publications and Citations

Year-wise publications, Annual growth rate and citations

Year No. of Publications AGR Citations
2012 204 0.00 4929
2013 208 1.96 5104
2014 163 -21.63 2891
2015 168 3.07 2418
2016 173 2.98 3611
2017 197 13.87 2791
2018 179 -9.14 1829
2019 190 6.15 1429
2020 201 5.79 759
2021 207 2.99 188
1890 25949
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Figure 1: Year-wise growth with citations

Relative growth rate and doubling time of publications in Silviculture research: Table 2 illustrates the
relative growth rate and doubling time in silviculture research publications during the period 2012-
2021.The scientists have applied the relative growth rate RGR model which is given by Mahapatra in
1985 to analyse the growth rate of researchers. The relative growth rate increases in the number of
publications or pages of per unit time. It also measured the specified period of interval for the

following equations.
RGR = W2-W2
T2-T1
Where,
RGR= Growth rate over specified period of interval
W1 = Log (natural log of initial no. of publications)
W2 =Log (natural log of final no. of contributions)
T1 = the unit of initial time
T2 =the unit of final time

Doubling time indicator used for evaluates the growth rate of papers published, there is a direct
equivalence that exists between the RGR and DT., this model is given by Mahapatra in 1985. The
Doubling time model indicates that if the no. Of contributions or pages of a subject doubles from the

marked period of study, then the difference between the logarithm of the no. S of starting and the

VEDA-VIPASHA, VOL.-12 2025 -179 -



ISSN 2348-7828

end of the specified period mustbeno. 2. If one uses natural logarithms this difference has a value of
0.639. According to (Beaie 2009) Doubling time is, "The number of years required for the population
of a area to double its present size, given the current rate of population growth." The Doubling time

for the contribution can be measured by the following formula.

Doubling Time (DT) = 0.693
T

On the observation of the following table, it has been shown that the relative growth rate was recorded
in decreasing trend i. e. (0 to - 0.65) and the doubling time was also in decreasing trend i. e. 0.54 to

- 1.06. The overall data of relative growth rate and doubling time is shown in table 1 as under:

Table 2: Relative Growth Rate and Doubling Time of Publications in Silviculture

Research

Tabe 2- Relative growth rate and doubling time of publications in ICT research
Year | No. of Publications | Cumulative Sum | W1 | W2 | RGR Dt
2012 204 204 0 5.32 0 0
2013 208 412 4.74 | 6.02 | 1.28 0.54
2014 163 575 5.67 | 6.35 | 0.69 1.01
2015 168 743 6.22 | 6.61 | 0.39 1.78
2016 173 916 6.68 | 6.82 | 0.14 | 4.85
2017 197 1113 7.05 | 7.01 | -0.03 | -20.64
2018 179 1292 7.35 | 7.16 | -0.18 -3.81
2019 190 1482 7.67 | 7.30 | -0.37 | -1.86
2020 201 1683 7.94 | 7.43 | -0.52 | -1.34
2021 207 1890 8.20 | 7.54 | -0.65 | -1.06

Scientific profile of authors’ who has published more than 15 research papers:_ Table 3 describes the
top most scientific profile of authors who have published more than 15 research papers in silviculture
during the period of 2012-2021. The maximum 27 publication were contributed by Pretzsch, H. from
Germany having 27 no. Of publications and 12.77 no. Of citations followed by Thiffault, N of Canadian
Forest Service, Ottawa, Canada with 25 publications 1311 citations & 25 H-Index that shows minor
difference of 2 publications& 10766 citations. D'Amato, A. W. having 21 publications, Palik, B. J. with
21 publications,Kern, C. C with 20 publications, Putz, F. E. With 20 publications, Dey, D. C. With 17
publications, Bauhus, J. With 16 publications, Stape, J. L. With 16 publicatons, Ammern, c. And

- 180 - 2025 VEDA-VIPASHA,VOL.12



ISSN 2348-7828

Cantiani, p. having both with 15 publications. The Prerzsch, H have maximum 59 H index and 13077
citations while that of least is contriuted by Cantiani, p. With 11 and 241 H index and citations

respectively.

Table 3- Scientific profile of authors’ who has published more than 15 research papers
Author' H-
uthors Affiliations Publications Citations
Name Index
Wissenschaftszentrum Weihenstephan fur
Pretzsch, . ..
H Ernahrung, Landnutzung und Umwelt, Freising, 27 59 12077
. Germany
Thiffault, . .
N Canadian Forest Service, Ottawa, Canada 25 18 1311
D'Amato, . . . .
AW University of Vermont, Burlington, United States 21 33 3657
. USDA Forest Service, Washington, D.C., United
Palik, BJ. 21 4 6141
States
USDA Forest Service, Washington, D.C., United
Kern, C.C. 20 19 1102
States
Putz, F.E. University of Florida, Gainesville, United States 20 61 12589
Northern Research Station, Columbia, United
Dey, D.C. 17 27 2626
States
Universitit Freiburg, Freiburg im Breisgau,
Bauhus, J. 16 59 12278
Germany
Universidade Estadual Paulista "Jalio de Mesquita
Stape, J.L. . . 16 32 8429
Filho", Sao Paulo, Brazil
Ammer, C. Georg-August-Universitit Gottingen, Gottingen, s " 6516
Germany
Lo Research Centre for Forestry and Wood (CREA),
Cantiani, P. 15 1 241
Arezzo, Italy

In the below figure, a total number of items is 182 includes 10 clusters, 1625 links and 4545 total link
strengths.
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Figure: Citations of authors in cluster

Collaboration Coefficient and Collaborative Index of authorship pattern

Table 3depicts the collaborative coefficient and collaborative index of authors pattern shipin
silviculture research during the perodof 2012-2021. (Aiiferuke , Burrel & Tague, 1988 ) suggested
collaborative coefficient & it is used by (Karki & garg,1997). It is very helpful to remove the
shortcomings of CI & DC. The CC every time lies between 0 &1.

CC=1=1A1jfN

Where,

“j = the number authors in an article i.e. 1, 2, 3 ......

fj = the number of j authored articles

N = the total number of articles published, and

A = the total number of authors per articles”

Thus, table 3 is calculated by the using above formula thus:
CI for 2012 is

Collaborative Index

Collaborative index formula is given by (Lawani, 1980)1. CI is a calculate of the average number of

authors per paper, it has no upper limit and can't be expressed as a (%). Single authored publications
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give a non-zero, which involve no collaboration. The collaborative index is defined as (CI), recreate

as:
Cl5j=1AjfN

Where,

“j = the number authors in an article i.e. 1, 2, 3 ......
fj = the number of j authored articles

N = the total number of articles published, and

A = the total number of authors per articles”

Hence, table 3 is calculated by the using above formula thus

Table 4 - Collaboration Coefficient and Collaborative Index of authorship pattern
More Collaboration

Year Single Two Three Four than Total | Coefficient Collaborative

Author | Authors | Authors | Authors | Four Index (CI)

(CC)
Author

2012 14 46 54 42 48 204 0.63 3.31
2013 14 36 47 43 68 208 0.65 3.55
2014 17 21 39 29 57 163 0.64 3.54
2015 9 31 36 34 58 168 0.66 3.60
2016 10 14 29 38 82 173 0.70 3.97
2017 18 23 42 41 73 197 0.65 3.65
2018 6 23 28 38 84 179 0.70 3.96
2019 13 14 40 34 89 190 0.69 3.91
2020 13 26 32 42 88 201 0.68 3.83
2021 13 20 32 46 96 207 0.69 3.93

Co-authorship Index in silviculture research publications Table 5 shows the co-authorship index in
SILVICULTURE research publications from the marked period of study. On the observation of the
particular table, it has been shown that the maximum CAI 67.51recordedin single author in the year
2012, two author CAI was 207.55 in 2012., three author CAI was 310.11 in 2012, four author CAI was
438.48 & more than four author CAIl was 27.41 in the year 2012.

In order to calculate the pattern of Co-Authorship Index (CAI) and how it has been different from the
marked period of study, the following formula of Co-authorship Index was used (Subramaniam,
1983)8.

CAI = {(Ng/Nio)/ (Noy/Noo)} x100
Where,

Nj = number of papers having j authors in block i
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Ni, = Total output of block i
Noj = number of papers having j authors for all blocks

Noo = Total number of papers for all authors and all blocks

J=1,23....
Table 5 - Co-authorship Index in silviculture research publications
More
Single Two Three Four than
Year Tota
Autho | CAI | Author | CAI | Author | CAI | Author | CAI | Four | CAI 1
r s s s Autho
r
67.5 207.5 438.4 27.4
2012 14 46 54 310.11 42 48 204
1 5 8 1
4741 188.4 313.3 271
2013 14 36 113.38 47 43 68 208
2 0 5 1
46.8 127.9 172.9 18.5
2014 17 21 54.11 39 29 57 163
1 1 0 9
16.8 137.6 12.8
2015 9 31 54.22 36 80.14 34 58 168
2 0 4
14.7 14.3
2016 10 9 14 19.37 29 51.07 38 121.65 82 6 173
22.0 108.6 10.5
2017 18 4 23 26.35 42 61.24 41 7 73 3 197
2018 6 4.75 23 17.03 28 26.39 38 65.10 84 7.87 | 179
2019 13 9.21 14 9.28 40 33.74 34 52.14 89 7.47 | 190
202
0 13 7.30 26 13.65 32 21.39 42 51.03 88 5.85 | 201
2021 13 4.95 20 7.13 32 14.52 46 37.94 96 4.33 | 207

In the below figure, there is a total 151 items includes 14 clusters, 461 links and a total link strength
997.
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Figure 3: Co-authorship in Cluster

Top subjects, affiliations and keywords in silviculture literatures: Silviculture Reasearch is performed
in wide range of subjects, institutions, different types of keywords are used to retrieve the data from
different sources. Among different subjects Agriculture and Biological Sciences records maximum
54.51 % of records followed by Environmental Sciences having 36.45% that shows major difference
0f18.06%. The other subjects contribute small amount of records like Social Sciences (2.50%), Earth
and Planetary Sciences (2.01%), Energy (1.22%), While other subjects records negligible amount of
records i.e. Biochemistry, Genetics & Finance (0.39%), Engineering (0.36%), Chemical Engineering
(0.26%), Computer Science (0.265), & others (1.32%)The USDA Forest Service records maximum
percentage of records i.e. 7.37% followed by  Sveriges lantbruksuniversitet (2.47%), Canadian Forest
Service (2.05%) while other contributed little amount of records like University of
Florida(1.99%), Université Laval(1.92%), Technical University of Munich(1.79%), Oregon State
University(1.60%), Empresa Brasileira de Pesquisa Agropecuaria — Embrapa(1.51%), University of
Maine(1.44%), Universitat Freiburg(1.44%), Virginia Polytechnic Institute and State University(1.44%)
& others (74.985). In Silviculture literature maximum keyword silviculture is used 10.78 %, followed
by Forestry (.37%) Forest Management (4.34%), United States (2.24%), Reforestation (2.13%),
Coniferous trees (1.66%), Harvesting (1.60%), Ecosystem (1.51%), Thinning (1.51%), Biodiversity
(1.48%), others (67.38%).
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Table 6 - Top subjects, affiliations and keywords in silviculture literatures
% % of Use no.
Subjects Affiliations Keyword
) of records records et of times
Agricultural  and . .
] ] . 54.51% USDA Forest Service 7.37% | Silviculture 10.78%
Biological Sciences
Environmental Sveriges
) 36.45% . . 2.47% | Forestry 5.37%
Science lantbruksuniversitet
. . . . Forest
Social Sciences 2.50% Canadian Forest Service 2.05% 4.34%
Management
Earth and Planetary . ) . .
) 2.01% University of Florida 1.99% | United States 2.24%
Sciences
Energy 1.22% Université Laval 1.92% | Reforestation 2.13%
Biochemistry, . . . .
. Technical University of Coniferous
Genetics and 0.72% ] 1.79% 1.66%
. Munich Tree
Molecular Biology
Economics,
Econometrics and 0.39% Oregon State University | 1.60% | Harvesting 1.60%
Finance
Empresa Brasileira de
Engineering 0.36% Pesquisa Agropecuaria - | 1.51% | Ecosystems 1.51%
Embrapa
Chemical . . . L
. . 0.26% University of Maine 1.44% | Thinning 1.51%
Engineering
Computer Science 0.26% Universitit Freiburg 1.44% | Biodiversity 1.48%
Virginia Polytechnic
Others 1.32% Institute and State | 1.44% | Others 67.38%
University
Others 74.98%

Top 10 source and funding sponsor: Table 7 describes the top 10 sources anfd funding sponsor in

silviculture research publications. The top most preferred source by the scientists is Forest Ecology and

Management having 477 publications Followed by Forest source with 162 publications having major

gap of about 315 records. After that Canadian journal of Forest Research Published 84 publications

with margin of about 78 number followed by Agroforestry system with 62 publications &Forestry

Chronicle with 60 publications having minor gap of 2 publications. Journal of forestry published 56

publications followed by European Journal of forest Research having 43 publications with gap of

13records.forestry and Forest Science published 40 &37 records respectively while minimum records

were published by New forest with 33 publications. Funding sponsors play the significant role to
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publish the research paper on the specific papers. U.S. department of Agriculture funded the maximum
number of 129 publications, followed by U.S. Forest service with 92 publications and Natural science
and engineering Research Council of Canada with 72 records. The 31 lowest number of publications

is funded by Deutsche Forschungsgemeinschaft.

Table 7 Top ten Sources and Funding Sponsors

Table 7 - Top 10 source and funding sponsor

No. of . No. of
Source . Funding sponsor .
publications publications
Forest Ecology and )
477 U.S. Department of Agriculture 129

Management
Forests 162 U.S. Forest Service 92
Canadian Journal of 84 Natural Sciences and Engineering o
Forest Research Research Council of Canada
Agroforestry Systems 62 Government of Canada 69

. Conselho Nacional de Desenvolvimento
Forestry Chronicle 60 L o 64
Cientifico e Tecnoldgico

National Institute of Food and

Journal of Forestry 56 ] 58
Agriculture
European Journal of Nivel Coordenacio de Aperfeicoamento
43 ) 54

Forest Research de Pessoal de Superior
Forestry 40 European Commission 51
Annals of  Forest . . .

) 37 National Science Foundation 37
Science
New Forests 33 Deutsche Forschungsgemeinschaft 31

Documents-wise publications in silviculture research: The figure 8 depicts the document wise
publications in silviculture research having maximum coverage is in articles with 1736 number of
publications followed by Reviews, with 115 number of publications with large difference of 1621
publications. conference papers have 21 publications also have wide difference of about 94
publications. Book Chapters, short survey, Editorial note and books with 10,3,2,2&1 number of
publications respectively. They all shows minor gap in among them. The percentage of publications
is maximum in articles while that of least is in books i. e. 91.85 to0. 05% respectively. The total of all

the silviculture research publications is 1890.

Table 8 Document wise Publications in Silviculture Research
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Table 8- Documents-wise publications in silviculture research

Types of documents

No. of publications

% of publications

Article 1736 91.85
Review 115 6.08
Conference Paper 21 1.11
Book Chapter 10 0.53
Short Survey 3 0.16
Editorial 2 0.11
Note 2 0.11
Book 1 0.05
Total 1890 100.00

ISSN 2348-7828

Country-wise distribution of publications: The following table 9 shows the country wise silviculture

research publications in which united states contribute maximum publications with 27. 68 %
records followed by Canada 10.87% with large difterence of 16.81%. Germany published 7.51 of total
publication. Brazil with7. 26%, having minor difference of 0.25, Spain with 5.54%, Australia and Italy
both with 4.61%, France with 4. 22% Sweden with 3.18%. The country that contributed minimum

number of publications is China with 3.15% during the period of study.

Table 9 Country Wise Distribution of Publications

Country-wise distribution of publications
Country Name No. of publications

United States 27.68%
Canada 10.87%
Germany 7.51%
Brazil 7.26%
Spain 5.54%
Australia 4.61%
[taly 4.61%
France 4.22%
Sweden 3.18%
China 3.15%
Other Countries 21.37%
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Table 9 shows the Country wise distribution of publications

undefined Brazil. 7.2

Figure 9: Country-wise distribution of publications

DISCUSION AND CONCLUSION:

It is observed that year 2013 is the most significant year having highest 208 no. of publications, while
in the next 2014 year, least number of publications were recorded. As far as Annual Growth Rate is
concerned, 2017 year has maximum AGR i.e. 13.87, while in the year 2014 minimum AGR which is -
21.63 is recorded. The maximum number of citations were recorded in 2013 which is 5104 and least
in 2020 i.e. 759.

It is found that in ist two year of investigation Relative Growth Rate increases i.e. it rises from O to
1.28. After every next year it goes decreased i.e. In 2014, it is about 0.69 & in 2021 It reaches upto -
0.65. As doubling time is concerned in Ist five year it goes increases after every year In 2012 doubling
time is O & reaches upto 4.85 in 2016. Doubling time is minimum in 2017 i.e. -20.64, while further

increases every year in small amount and reaches upto -1.06 in 2021.

Pretzch,, H is the most prolific author having maximum 27 publications with 59 h- index, while
Ammer, C & Cantiani, P both have 15 Publications with 14 & 11 h- index respectively. Putz, F.E. have

20 publications, maximum citations and 61 h-index.

It is analysed that Collaborative Coefficient is maximum in 2016 & 2018 i.e. 0.70. & minimum in 2012
I.e. 0.63. As far as Collaborative index is concerned in 2016 it is 3.97 which is maximum and 3.31

minimum in 2012.
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The Co-authorship index of single author is maximum in 2014in which 17 author publish the papers

with CAI 46.81. while in 2018, 6 author published the papers and CAI is 4.75. As two authors are
concerned, in 2012 46 papers were published by two authors with CAI 207.55 while in 2016 & 2019,
14 authors publish papers having CAI 19.37 & 9.28 respectively. As three authors are concerned, in
2012, 54 papers were published by three authors with CAI 310.11 & In 2020 and 2021, 32 papers were
published by three authors with Cai 4.33 & 27.41 respectively. As more than four authors are
concerned, 2021 is the year having 96 publications Cai 4.33 while 2012 year 48 papers were recorded
& CAl is 27.41.

Agricultural & Biological Science is the subject that records maximum 54.51% while computer science
have minimum 0.26% of records. USDA forest service have 7.37% of records while University of
Maine, Universitat Freiburg, Virginia Polytechnic Institute and State University have 1.44% of records.

Silviculture keyword is used 10.78% times while Biodiversity!.48% times.

The top source that is Forest Ecology & Management publish maximum 477 number of publications,
while New Forest publish minimum 33 publications. The U.S. Department of Agriculture is
the funding sponsor that provide funds to 129 publications while Deutsche forschungsgemeinschaft

provide financial support to 31 publications

It is analysed that as far as document wise publication is concerned 1736 articles which is about 91.85%
of publications was recorded which is highest in number followed by review that are 115 in number

about 6.08% of publications while books are in lowest rank with only 1 publication having 0.05%.

The study analysed the Country wise distribution of publications in which U. S. Contributed the
highest number of publications i. e. 27.68 % while china contributed the least number of publications
by3. 15%.
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HARMONIZING GLOBAL EFFORTS: CLIMATE TREATIES IN THE
INTRENATIONAL SPHERE:!

Neelam Rai2, Dr. Veer Mayank3

Abstract

Several scientific investigations demonstrate that several global systemsare approaching a
dangerous point, necessitating the implementation of strict environmental regulations. Numerous
international environmental accords were established as a consequence of these worries, and they were
ratified at the United Nations “Conference on Environment and Development”. Following the
reaffirmation of environmental accords, it offered a set of guidelines and duties for safeguarding the
environment and enhancing living standards via sustainable development. Under the banner of the
"Rio Summit” the U.N. "Framework Convention on Climate Change"was founded in order to fulfil
the ideals, and numerous nations have since corrected it, particularly to address the most urgent
environmental problems. This paper provides a parading for controlling and managing this problem
based on the Rig Veda, India’s oldest source of knowledge.

And further studies the development of policy within the framework of the international
convention to combat environmental degradation, investigates legal tools, such as "multilateral
environmental agreements," and their important fixes through a range of regulatory frameworks to
regulate human actions that directly impact the climate system.

Frefarions gevha: (5.6.5)
SHAFEIEgTH1: JTErT: (6.7.10)

Keywords:‘Rig-Veda’, “World Trade Organisation”, “Climate Change”, “Framework Convention

on Climate Change”, “Multilateral Environmental Agreement”, “Conference of the Parties”.

Introduction
“HYETT B ATTTHY GG HIMG -G (AT RGGAGTYAAN G HYERIGGE- AT T
yag:' 317~ Rig Vedic hymns.+

A growing number of ‘international treaties’ have placed emphasis on the significance of
sustainable development, which has led to a growing concern about environmentally friendly
development in light oftransnationalecological law. Take the "Stockholm Declaration," for example,
which declares that a nation should combine environmental protection and economic development
in order to maximize benefits to the populace.Moreover, the "World Charter for Nature" makes
reference to(Tan, 2012)the need for ecological preservation for economic growth, which also
highlights the specific environmental protection principles intended to direct economic growth. Lastly,
the "Rio Declaration" highlights the idea of striking a balance between environmental preservation
and financial prosperity.(Ayers J, 2014). Policymakers must exercise caution to prevent other crucial

institutional priorities from becoming seriously distorted when addressing climate change and using

1 The paper is derived from the Ph.D. research work title
“Conflict of Norms Between International Environmental
Law and Trade Regime: A Contextualized Study of
Climate Change” conducted by the above named
Research Scholar pursuing Ph.D. under the supervision of
Dr.VeerMayank, Assistant Professor in the Department of
Law at Sikkim University.

2 Ph.D. Research Scholar, Department of Law, Sikkim
University.
3 Assistant Professor, Department of Law, Sikkim
University.
4The seers pleaded for pardon for their unintended actions
that resulted in excessive exploitation of the environment,

available at https://timesofindia.indiatimes.com
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adaptation instruments becomesa majorshare of the missions of many current institutions. The "United
Nations Development Program" (UNDP) assists developing countries in attracting aid and utilizing it
for social and economic advancement.In order to prepare for the negative impacts of climate change,
developing countries have limited capacityso the UNDP plays a crucial role in assisting them in
responding to these effects by means of legislative endeavoursand capacity-building
initiatives”(Valenzuela, 2018).Basically, ‘climate change’ is man made by using fossil fuels, various
chemical substances, andthe primary drivers of climate change are increases in greenhouse gas
emissions.Many uncertainties surrounding the precise nature and degree of the relationship between
human activity and climate change, many scientists argue that the data suggests that excessive emissions
of ‘CO2’ and other ‘greenhouse gases’ by humans are having an impact on climate change.(Anwar,
2021). As a result, global climate governance requires a highly integrated approach due to the
complexity global policies regarding climate change.(Climate chnage:impacts, 2007). The global
dialogue on climate change solutions recognizes that developednations are chieflyaccountable for
greenhouse gas emissions, with people in underdeveloped nations most impacted by rising
temperatures, harsh weather, and altered rainfall patterns.Climate change will have varying effects on
various individuals(Change, 1999) according to development experts, scientists researching climate
change, policymakers, and practitioners from region to region, and over time, in fact, the ‘Least
Developed Countries’ and their residents face the greatest challenge because of their lower adaptive
technological capacity. Knowledge, technology, and the existence and accessibility of support
institutions—in other words, a nation's resources—allcontribute to how well-equipped a nation is to
adjust withenvironmentalalteration(Victor, 2004). While adopting all these instruments there should
be a proper international treaty rectify by countries in order to full fill their commitments by using
various mechanism to address global issue i.e. climate change.An important agreement in order to
combat the impacts of the changing climate andincrease the efforts and financial commitments
desirable for a viable low-carbon future is the “Fframework Convention on Climate Change".For the
first time, the nations united underone banner through the Convention to take bold action against
environmentvariation and to provide more funding to impoverished nations with aid. (Saleem H. Ali,
2023) The Convention also seeks to improve countries ability to adjust with changing climate and to
direct financial flowsto those nations with extremely limited instruments or adaptive technology at
their disposal.
Vedic justifications

AR TSI T
TR RATE i (SRiIeg-2)

The Rig Veda provides numerous insights about how to stop global warming; including the fact
that global warming is caused by dirty water and air. Regardless it is said in Rig Veda that Varuna is
the deity of water. The Mahabharata states that thirty-three Crore deities reside in the river. As well as
Nature is referred to as ‘Aasthaa-Koni’ in the Gita, and “preserving the tress is a pious work” is noted
in the VarahaPurana(Muller, 2001). The environment is symbolically equated to deities in order to
influence people’s conduct towards the preservation of water, trees, and greenery. These examples
demonstrate that by treating the environment in this manner, the problem of global warming can be
mitigated. Overall people worship nature and the environment. Nature is considered a mother, and
no one exploits her. Trees are characterized as manifestations of the Supreme Power(Chippa, 2015).

So people should not cut down trees or pollute the air and water because they are gods who fulfill
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people’s desires. For example, environmental protection was thought to be inextricably linked to
safeguarding the dyaus (heavens) and prithvi (earth) (Sharan, 2022). Between these two is the
atmosphere and environment known as the paryavaran. The Rig Veda opined the presence of ozone
layer, which filters the sun’s harmful rays and protects the earth which is responsible for environmental
health (Nyapati R. Rao, 2021). In Rig Veda hyms, the seer asks the Ashvins for their mercy to defend
against solar flares, which also affect the earth’s temperature. Even the four major Vedas, the Rig,
Sama, Yajur, and Atharva Vedas, acknowledge the need to maintain seasonal cycles, which are likely
to be disrupted due to climate change caused by inappropriate human activity. Amazingly, the people
of Vedic times viewed ‘nature and the environment’ holistically, reverently conserving each element
and entity (Sarma, 2015).

Climate change issues

Climate crisis is the most complex subject we are now dealing with since it has multiple facets
and is closely related to social, political, environmental, and economic challenges. It is not feasible to
deal with this complex characteristic of transnational environmental catastrophes by focusing on just
one of these factors.It is really vital that international society respond to this issue in a coordinated
manner that encompasses the various dimensions related to climate change(Tuana, 2013). Rapid
industrialization and globalisation are often criticized as the main reasons for “climate change”. In
addition, there are several consequences of “climate change”such as increase in the occurrence of
terrible events and increasing sea levels, as well as a decrease in the productivity of natural resources
used by humans or extract from the natural environment; damage to human-built environments; risks
to life and limb for example death from heat waves, storms: damage to less managed resources(Ivanova,
2005) such as natural conditions and natural habitats for scarce species, biodiversity etc. The
otherpenalties of “climate change”in trade are,severe weather eventsor rising sea levels. Because of that
conveyance and delivery chains also become vulnerable to disturbance showing to climate change and
effect future international trade patterns also((SBSTA), 2007).Since "Climate change" counts among
the primary threatsthat the entire globe is currently dealing with in one way or another, the most
frequently asked question is what variables determine it. It is linked with some other unfavorable
impacts such as agriculture, water, biodiversity and health etc. The ecological and socioeconomic
systems, which are already under a great deal of strain from the fast pace of urbanization and
industrialization, are another area of significant influence.Basically, climate change issues is
manmadesuch as by using fossil gules, various chemical substances, increase in the quantity of GHGs
are alsothe main drivers for environmental degradation(EM-DAT, 1988). Migration, commonly
referred to as "climate migration," is another significant effect of climate change. It is anticipated to
provide new difficulties for the global system, including a rise in irregular migration, pressure on the
current asylum systems, and protection gaps for certain impacted migrants.The concept of
environmental migration caused by climate change has proven problematic, owing to the difficulty in
assessing the extent to which environmental causes induce human migration (Kashif Abbass and
Muhammad Zeeshan Qasim, 2022). Even the “Intergovernmental Panel on Climate Change”(IPCC)
opinedthat fast-shifting climatic conditions could result in high amounts of migration. Particularly
developing nations, also known as "Least Developed Countries" and "Small Island Developing States,"
are more susceptible to migration, have a harder time reducing poverty due to their economic
circumstances, and Climate change is negatively impacting them because they have less resources
availableto them for social, technological, and financial adaptation. Parties to the UNFCCC
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acknowledge in the Preamble that developed nations have produced the majority of the world's
greenhouse gas emissions, that developing nations' emissions per capita are relatively low, and thatto
achieve their social development needs, developing nations will raise their share of global
emissions.(W. Neil Adger, 2005)A multitude of causes have contributed to the increasing focus on
climate change challenges, and several tools of international negotiation should be in place to open
the door for the establishment of climate change policies.(Fand BB, 2012). The consolidation of
scientific facts on climate change has a major part in marginalizing climate change sceptics. For
instance, the IPCC declared in 2007 that evidence suggests no doubt about the warming of the earth's
climate system. Other factors contributing to climate change include the use of "fossil fuels" to generate
heat and power, which account for a significant portion of world emissions.(Akkari C, 2016),Burning
coal, oil, or gas to make electricity still results in the production two intoxicating greenhouse gasthat
cover the Earth and retain solar heat. Emissions are also produced by the manufacturing sector to
generate electricity for the production of iron, cement, and other materials.(Anbalagan, 2011). The
process of growing food itself releases carbon dioxide, methane, and other GHGs into the
atmosphere,(Greene, 2000) including deforestation, clearing land for farming and grazing, livestock
digestion, and the energy required to run farm equipment, which is typically powered by "fossil fuels"
(Petsonk, 2017)All of these factors contribute to global warming.Even climate change poses a threat
to several terrestrial and marine species, with the world losing species at a rate twice as rapidly as at
any other time in human history as recorded. Regarding climate change, which is an area of
environmental law, it covers a wide range of topics that aren't always considered environmental. Given
that the scale of climate change can pitched globally or locally and involve governance system
extending from the international, national and local level. Although there is a shared emphasis on
tackling climate change, the regulatory instruments related to climate change originate from diverse
legal domains, such as international law.(Andrea Monica D. Ortiz, 2021).

Convention on Climate Change: International treaty

The annual "United Nations Climate Change Conference,” which takes place under the
framework of the “Framework Convention on Climate Change”, serves as the official gathering of
UNFCCC parties, or the "Conference of the Parties”, to evaluate the state of progress made in
addressing climate change-related issues since the mid-1990s. “United Nations General Assembly”
established the UNFCCC, a multilateral treaty, soon afterthe “Intergovernmental Panel on Climate
Change”released its initial assessment report in 1990.The treaty aims to maintain the levels of
greenhouse gases at a point where hazardous human intervention with the global climate system is
avoided.(Reinhard Mechler, 2019). Besides the ‘UNFCCC’ subsidiary bodies meetandexecute climate
change goals by using various mechanisms such as agriculture, energy and national resources which
help to slow climate change effectively. Even the UNFCCC introduces five major programs of the
convention i.e. Planning, coordination and Emerging Issues, Implementation of Science and
Technology, Intergovernmental and Conference Affairs and Administration Services(Xu J, 2008). The
aim of these UNFCCC initiatives is to increase the level of commitments by Member States on
reducing climate change's impacts. Industrialized countries are expected to make the greatest
reductions in their domestic emissions compared with developed countries, which produce a large
share of gases.

They are known as ‘Annex I countries’ which include many developed countries especially from

‘Organization for Economic- Cooperation and Development’(M.K.Yadav, 2015) countries and from
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Central to Eastern Europe. So ‘Annex I’ under the Convention, nations have committed to support
poor countries' initiatives to address climate crisisby giving financial aid, action support, and any
additional financial assistance they now give to these nations. (Kim, 2011). In order to do that, the
"Global Environment Facility," which oversees climate finance, climate technologies, and capacity
building, has established scheme for grants and loans. Developed countries are also required to provide
annual greenhouse gas emissions data, which includes information from the base year and every year
after, and to report on a regular basis on their climate policies and actions. In general, developing
countries report (Stein, 2008) on their initiatives to address climate crisis, but less frequently than
Annex [ parties. Based on those reports, developed countries may offer financial support. In accordance
to UNFCCC Article 22, Support, recognition, sanction, or consent by governments and “Regional
Economic Integration Organizations” (REIO) are prerequisites for its existence.Furthermore, the
“Secretary-General of the United Nations”, who serves as the Convention's "Depository,” provides
authoritative information on the Convention's status on the relevant page of the “United Nations
TreatyCollection” (UNTC).

Furthermore, the convention on climate change is designed in such a way that all states might
agree to improve it in reaction to new scientific discoveries(Krueger, 1991) for example, decide to
adopt new targeted measures like lowering the concentration of greenhouse gases, or they may decide
to approve protocols or additions to the Convention, like the Kyoto Protocol. As required by the
Convention, the "Parties to the Convention" collected and disseminated data on greenhouse gas
emissions as well as other regulations, best practices, and financial and technological assistance for
developing nations. The "UNFCCC," which lacks definite pledges from nations to cut their greenhouse
gas emissions, is by no means an ambitious legal framework for combating global warming.(Dagne,
2010). The "UNFCCC" developed the institutional framework required for the functioning and
adaptation of theenvironmentalalterationrulesto outlining guiding codes for global climate change
regulation. Furthermore, the UNFCCC has clarified the key tenets, which state that parties must
safeguard the climate system "in harmony with their individualcompetences and mutual but
distinguished responsibilities."(Chazournes, 2015). The division of mechanized and emerging
countries' responsibilities with regard to climate change is based on this notion. The deal reached thus
far has only committed parties to further international engagement. By the end of the year, the aim is
to reach a new agreement.((OECD), 2016).A scientific report that can be utilized for future planning
and the accomplishment of the Convention's long-term goal is produced by the creation and national
greenhouse gas emissions inventories are regularly updated(Fitzmaurice, 2009). Long-term national
planning is the additional general commitments, thespread of emission control technologies and
procedures, sink conservation, cooperative adaptation planning and policy adjustment, systematic
observation, including data archives, information exchange, and the encouragement of public
awareness, education, and training (Morin, 2017). Developed nations pledged to restrict greenhouse
gas emissions caused by human activity in order to reach their pre-conflict emission levels.

Multilateral Environmental Measures: Instrument to address climate change

The "United Nations Conference on the Human Environment," the first significant UN conference
on environmental issues, took place in Sweden in 1972 and indicated the start of sustainable
development's history. The “United Nations Environment Program” (UNEP), which is primarily
focused on environmental concerns and issues, was established by the Conference in order to address
environmental issues. (Cottier, 2006).This effort resulted in the UNFCCC being adopted, which aimed
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at establishing ‘binding emission reduction targets’ and attempts to prevent the interference of human
beings in the Global Climate System (Weiss, 1992). The “Kyoto Protocol” was amended in 1997, and
the “Paris Agreement on Climate Change” replaced it in 2015. (Bodansky, 2012). The "World
Meteorological Organization" and the "United Nations Environmental Program" established
the“Intergovernmental Panel on Climate Change” at the same time. This independent scientific body
is made up of technical and scientists with international experience who have gathered scientific data
regarding the causes of climate change, potential effects, and potential mitigation measures.(Afifi,
2014).In an attempt to strengthen the worldwide reaction to end climate-related challenges, nations
began environmental negotiations in 1995. As a result, the “Kyoto Protocol” was established two years
later.Subsequently, at first COP1 (Berlin) in 1995 numerous delegates from several states participated
in the conference but the said Conference did not reach consensus on the rules and procedures.As
anoutcome“Kyoto Protocol” was approved to launch new binding targets(Telesetsky, 1999)and
timetables for reduce developed country emissions but no new commitment for developing nations.
Its emission objectives were only set to expire in 2012, and when the second round of talks was about
to start, a number of other industrialized nations chose not to participate. Although the Protocol only
covers a small portion of global emissions, it is still theoretically in effect to some extent. The Clean
Development Mechanism, which includes reduction of emissions through certified reductions, may
continue to be implemented by the Developing Countries.(Stone, 2012). After the Kyoto Protocol,
the Paris Convention supersedes the said Protocol in 2015.The Agreement is a cross between the
"Kyoto" method and established common binding procedural commitments for all countries but leave
it to each to decide its non-binding nationally determined contribution.The "Paris Agreement" carried
over the work of the Kyoto Convention and indicated the most recent developments in worldwide
system of environmental change. Limiting the rise in world temperature, to less than 2 degrees Celsius
above pre-industrial levels, the Agreement aims to enhance the global reaction and set a new direction
for global efforts.(Mehrotra, 1987). Additionally, the agreement will improve action and increase
openness by establishing a more powerful visibility mechanism and to reach these ambitious goals the
Agreement set new goals(Sandrine Maljean-Dubois, 2015) on the financial provisions and developed
capacity building framework.Further for smooth function of the Conventions COP plays an important
role, they were the supreme-decision making body of “United Nations Framework Convention”
(UNEFC). Every party is represented at the “Conference of Parties”, where decisions are made and the
execution of the Convention (Alam, 1993) and any other adopted legal instruments are
reviewed. Examining the emission inventories and national communications that the parties had
produced was the COP's main responsibility. To achieve the fundamental purpose of the Convention,
the ‘Conference of the Parties’ assesses the implications of the actions adopted by the parties using the
information provided. At the inaugural meeting of the COP, which happened in Berlin 1995, it was
resolved (Report, 1995) to actually implement the operating system as a whole. The ability of
individualnations to accomplish their responsibilitieswas the main concern at COP1, which led to the
directive to start the process of individual nation action for the years beyond 2000. Similar to the
previously COP2 washeld in Geneva, Switzerland 1996,which acknowledged the scientific data on
climate-related issues that the IPCC had provided in its second report.The following COP6 held
inBonn 2001, where the Parties discussed important topics such as flexible mechanisms (Newell, 1998)
that the US has strongly supported, like "emission trading,"” which enables advancednations to finance
emissions reduction initiatives in developing nations in lieu of domestic reductions. The chief
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component of this treaty was that each Annex B country could claim an unlimited amount of credit
from the employment of these mechanisms as long as their domestic actions formed a substantial
portion of their efforts to accomplish their targets. Since the “Rio Summit” a few decades ago, the
number of environmental agreements has increased dramatically(Schneider, 2013). A number of
international agreements have sparked a surge in global environmental awareness. International
conservation policy, however, lacks coherence and is not in a very strong position. As a result, the
parties decided to revise the proposal in order to include requirements like an open and transparent
negotiation process and scientific proof of the significance of theenvironmental issue (Zeeuw, 2015).

Conclusion

The Rig-Vedic Model can help reduce or alleviate the impacts of climate change. This philosophy
sees air and water as problems that meet human desires and provide good health and prosperity. This
does not suggest that one person should exploit or injure another. When laypeople practice these,
there will be no concern for climate change. Furthermore, morality is straight forward to apply because
it is based on an individual’s free will, whereas legislation mandates a person to behave in a certain
way(Ravi D. , 2022). Even recently developed field of law known as "Climate Change Law" has
emerged in recent years, as proven by the multiplicity of legal developments around climate measures
that are covered in this paper.Although the UNFCCC's efforts to ratify climate policies have been
somewhat effective, there is still more work to be done before the problem of climate change and its
effects are resolved. The Rio Convention and the Stockholm Convention all endorsed the idea of
justifiablegrowth in different ways, as can be seen from their respective summaries. They believed that
in order to improve the environment, mankind must encourage sustainable development, which is
essential to all life. (Lipper, 2014).While implementing international environmental treaties sustainable
management should be a first priority to balance the biodiversity and ensuring sustainable livelihood.
Climate changes have an integral international dimension which requires the integrated efforts of
governments from international to national levels ideally working across environmental
sectors(Schoene, 2021)such as pollution control, preservation of ecological diversity and management
of water resources. Regarding the impact of climate change, regulatory analysis increasingly reveals
that complex environmental problem necessitate complex regulatory systems such as legal
mechanism.The monitoring structure is crucial in how it interacts with other regulatory domains, but
it is not required for the internal coherence of the climate change process. There is equal(Field,
2007)need for the measures taken internationally and in developed countries to counter climate
change must be just and consider the policy space that emerging nations need in order to develop. It
is commonly acknowledged that emerging nations need significant transfer of finance and technology
to accomplish this switch successfully and that the advancedstatesvows to provide finance and
technological support. The international policy framework has to be supportive of the developing
nations as they strive towards these dual goals(Prueger, 2015).Technology transfer is also essential for
meeting the human and sustainable development objectives of providing people and enterprises in
developing nations with the means to create employment based on principles that are both
environmentally sound and economically efficient. Recently in 2023 the “States of Global Climate
report’(Organization, 2024)demonstrates that records for GHG levels, surface temperatures, ocean
heat and acidification, sea level rise, and other factors werewrecked, and in few instances smashed.
The UNFCCC as stated above, is a finely balanced policy regime whichincorporates a set of obligations,

commitments, targets, instruments etc. and taking into the mechanism of common and differentiated
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responsibilities (Jonathan A. Patz, 2005). This regime help to facilitation international cooperation
among nations to effectively mitigate the human made consequences of climate change, including
human rights consequences related to issues of development that poor countries face. To this aim,
industrialized nations must fulfil their commitments to offset their emissions in order to change the
longer-term trends, while also keeping in mind the UNFCCC's objectives as outlined in its Articles.
Ultimately, in doing so, at this point, advanced and emerging nations would be in a situation to fully
comply with their human rights obligations under international human rights law(Dniel Scott,
2004).Climate change measures signify a sincere commitment on the part of international authorities,
national governments, and the wider community to make the challenging behavioural changes that
will be required to prevent severe global warming. They are not merely organizing principles. However
learning the underlying ideals of the Vedas will greatly benefit environmental protection(Hsu, 2011).
This paper concludes with an appeal to the global community to embrace and disseminate Vedic values

to rescue Mother Earth for future generations.
“WEW |
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IMPACT ASSOCIATION BETWEEN EMOTIONAL INTELLIGENCE AND
ORGANIZATIONAL CITIZENSHIP BEHAVIOUR OF TEACHERS- MEDIATING
ROLE OF PERFORMANCE OF STUDENTS
Manisha!, Nisha Chanana?

Abstract

Emotional intelligence is crucial for teachers because it enables them to form close relationships
with their students, recognize each one of their unique requirements, and provide the right kind of
assistance. Organizational Citizenship Behavior supports teachers in creating a welcoming learning
environment for their students. The emphasis of organizational citizenship behavior is on actions that
promote an organization's health. Due to the significant influence teachers have on the lives of their
students, research into the impact of Emotional intelligence on teachers' organizational citizenship
behavior is crucial. Further, the chief aim of a teacher is to improve the performance of its students
which is bound to affect the teacher’s own professional life and conduct.

A total sample of 402 respondents was used which were collected using survey strategy. A
structured quantitative questionnaire has been used for data collection. In order to determine how the
impact relation of Emotional intelligence on organizational citizenship behavior is influenced by
student achievement, it is imperative to assess the mediating impact of student performance. It was
found that Emotional intelligence has a significant impact on organizational citizenship behavior both
in absence and presence of student performance as a mediator. It was also found that student
performance does acts as a mediator wherein it plays a partial mediating role. At the end, the research
has discussed the limitations of the present research and future scope.

Keywords: Emotional Intelligence, Organizational Citizenship Behaviour, Student Performance,
Mediating Variable, Higher Education.

1. Introduction

1.1 Importance of Emotional Intelligence and Organizational Citizenship Behaviour for Teacher

Teacher are wired to embrace and nurture organizational citizenship behavior (OCB) and
emotional intelligence (EI). Teachers have a significant effect on lives of their students, affecting both
their learning and growth as individuals. In light of this, it is crucial that educators work to promote
OCB and emotional intelligence.

EI is crucial for teachers because it enables them to form close relationships with their students,
recognize each one of their unique requirements, and provide the right kind of assistance (Mohyi,
2021). Teachers will be able to assist their pupils in succeeding in both the classroom and in life with
the use of this information.

OCB supports teachers in creating a welcoming learning environment for their students. The
emphasis of OCB is on actions that promote an organization's health, in this example, the classroom
(Jihan et al., 2022). This involves doing things like going above and beyond what is required, lending
a helping hand, showing commitment to the group, and participating in extracurricular activities. This

fosters a respectful environment, promotes team loyalty, and may raise student accomplishment levels.

1 Research Scholar, Faculty of Management Studies, The 2 Assistant Professor, Faculty of Management Studies, The
ICFAI University, Himachal Pradesh, India. ICFAI University, Himachal Pradesh

- 200 - 2025 VEDA-VIPASHA,VOL.12




ISSN 2348-7828

In the long run, teachers must focus on improving their OCB and EI. It creates healthy
connections between teachers and students, establishes expectations for what should be anticipated in
the classroom setting, and supports student achievement.

1.2 Significance of student performance for teachers

One of the most significant components of a teacher's work is monitoring student performance.
Student performance is a measure of a teacher's effectiveness in engaging, educating, and evaluating
pupils. It also provides insight into the teacher's planning, management, and use of instructional
strategies in the classroom. High levels of student achievement show that a teacher is successful in
presenting the subject matter to the pupils in the most effective manner.

A teacher's efficacy as a teacher may also be evaluated by looking at how well their students do
(Kularbphettong, 2018). Teachers may enhance their instructional skills and analyze their overall
teaching practices by evaluating student achievement. In order to provide their kids the greatest
education possible, it also enables teachers to pinpoint any areas that need development.

The success of teacher and the student they educate depends on student achievement. Good
student performance is a crucial indicator of the quality of instruction a teacher offers, and it also gives
teachers a platform to continually expand and enhance their methods and pedagogy.

1. Need of the Research

Due to the significant influence that teachers have on the lives of their students, it is imperative
to asses the impact of EI on teachers’ OCB is crucial. Although it is well established that OCB and EI
are necessary traits for any teacher, some researches also show that EI of the teachers can lead to
positive OCB. But little to researches has been done on how this impact relationship of EI on OCB is
affected by students' academic success or failure.

By examining how teachers' EI impact on OCB is influenced by their students' academic success,
the study seeks to close this knowledge gap. In order to determine how the impact relation of EI on
OCB is influenced by student achievement, it looks at the mediating impact of student performance.
Through this result of this study, efficient teaching methods and tactics may be created, enabling
teachers to have the greatest positive effects on their students.

Thus the research will work on the following conceptual model (Figure 1)-

MEDIATING VARIABLE

STUDENT PERFORMANCE

EMOTIONAL ORGANIZATIONAL
INTELLIGENCE IMPACT CITIZENSHIP BEHAVIOUR

Fig 1: Conceptual Framework of the Research
2.1 Objective of the Research

The objective of the study is to determine how the impact relation of Emotional intelligence on

organizational citizenship behavior is influenced by student achievement.
1. Review of Literature
3.1 Relation between student performance on EI of Teachers
The importance of EI in teachers and how they affect students' performance is becoming more

widely acknowledged. Researchers contend that EI affects teachers' capacity to successfully control
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their own emotions and transmit good emotions to their students, enhancing both learning and
achievement. Numerous research that focused on the potential mediating function between them have
shown a significant relationship between EI and student performance.

For instance, (Chamizo-Nieto et al., 2021) evaluated the impact of EI on academic performance
while also investigating the potential mediating roles of thriving and the moderating effects of the
teacher-student relationship. 283 teenagers between the ages of 12 and 18 participated in the research.
The teacher-student connection was a key moderator, according to the results, and thriving totally
moderated the association between EIl and academic success. Teenagers with worse teacher-student
connections showed a greater correlation between EI and thriving. This outcome demonstrates how
crucial it is to foster improved teacher-student interactions in order to raise academic achievement
levels.

In a similar manner, (Corcoran & Tormey, 2013) investigated how EI affected preservice teachers'
performance. They could not discover any connection between EI and effective instruction, however.
This prompts critical questions concerning the precise nature of the EI skill set required for teachers
to succeed in the classroom.

In (Valente et al., 2020) looked at the connection between teacher effectiveness and EI skills. The
research, which comprised 634 school teachers in Portugal, indicated that teacher effectiveness was
higher in those who had better abilities to perceive, interpret, express, categorize, manage, and
regulate emotions. As a result, teachers' EI skills have a beneficial impact on their effectiveness, which
means that developing the requisite emotional skills is essential for teachers to succeed in the
challenging and complicated educational environment.

The relationship between perceived social support, EI, and academic achievement was examined
by (Fernandez-Lasarte & Axpe Saez, 2019). The research included 419 University of the Basque Country
students in total. The findings show that although family support was more likely to affect emotional
clarity and healing, teacher support was more likely to predict academic achievement.

Finally, correlational predictive research on teacher well-being and professional achievement
among student teachers of foreign languages was carried out by Cardoso-Pulido et al. (2022). Results
show that the only factors that can accurately predict a teacher's success in training and subsequent
professional performance are El and intrinsic drive.

These studies show the influence of other elements such teacher-student connections, social
support, intrinsic motivation, and teacher effectiveness while demonstrating the significance of EI in
teachers and their impact on student achievement. The method in which EI is treated in teacher
preparation will be significantly affected by these results; it should give more weight to psychosocial
and emotional components than to cognitive ones. In order to fully comprehend this link, further
study into the part played by El in teachers' and students' performance is required.

1.2 Impact of student performance on Organizational Citizenship Behaviour of teachers

Recent years have seen a significant amount of study on the issue of OCB and how it affects
students' academic achievement. According to Oplatka (2009), OCB is defined as behavior that goes
"beyond the call of duty" and is not officially recognized or organized within a person's job position
but yet helps an organization work well overall. The OCB of teachers is particularly significant since
it may have a significant impact on student achievement. This review examines four publications that

seek to explain how OCB affects student performance.
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Oplatka (2009) investigates how instructor OCB affects teachers, students, and the whole school.
The research employed open-ended questions to gather information on the conceptualizations of OCB
and its results for the teacher and the school from a sample of fifty Israeli primary and secondary school
teachers. The results point to a beneficial relationship between teacher OCB and student
accomplishment, with teachers reporting greater levels of work satisfaction, higher student
achievement, and improved school behavior and reputation.

The effect of OCB on employee performance in firms is the subject of Savitha & Sathyapriya
(2013) study. The effect of OCB on teachers was investigated using data from 120 teachers employed
in various school types in the districts of Erode and Tirupur. The results demonstrated that OCB
enhanced employee performance in all kinds of schools and that the dimensions of OCB were crucial
to this outcome.

In order to investigate the connection between EI and OCB, VandeWaa and Turnipseed (2012)
studied a sample of university professors. According to the study's findings, there is a significant link
between EI and organizational discretionary behavior. It also became clear how crucial it is to
distinguish between the four various types of EI.

Last but not least, Ariani (2017) investigates the connection between OCB, student motivation,
and academic achievement in Indonesia. The research, which included a sample of 490 college
students, discovered a high positive correlation between lecturers’ OCB and students' performance,
which is moderated by students' motivation.

Overall, the four studies show that instructor OCB improves students' academic achievement. The
findings of Oplatka (2009), which demonstrated that teacher OCB results in greater levels of work
satisfaction, higher student accomplishments, fewer student noncompliance, and enhanced school
discipline and school image, confirm this. It is also backed up by research by Savitha and Sathyapriya
(2013), which shown that OCB enhanced staff performance in all kinds of schools. Additionally, Ariani
(2017) shown that there is a large positive association between lecturers’ OCB and students’
performance, which is mediated by students' motivation, while VandeWaa and Turnipseed (2012)
demonstrated that EI is associated to discretionary organizational behaviour.

1.Research Methodology

The population of the research is the teaching faculty (between the ages of 20 till age of 65) of
the higher educational private institutions in the state of Himachal Pradesh, India. A total sample of
402 respondents was used. A structured quantitative questionnaire has been used for data collection.
The collected data is primary in nature. The data thus collected by survey strategy underwent
quantitative analysis. Both descriptive and inferential analysis has been conducted here. The collected
primary data has been supported by secondary data in form of research papers, etc. The questionnaire
was circulated in the private universities in Himachal Pradesh which are as below (Table 1)-

Table 1: Private universities in Himachal Pradesh considered in the research

Maharaja Agrasen University IEC University

Baddi University Jaypee University

Bahra University Abhilashi University

Chitkara University Sri Sai University

Shoolini University Career Point University

APG Shimla University Arni University

Eternal University Indus International University
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Manav Bharti University

The ICFAI University

Maharishi Markandeshwar University

For analysing the mediating role of student performance on impact of EI on OCB of teachers
associated with higher educational institutions in Himachal Pradesh, PROCESS Procedure for SPSS

Version 4.1 given by Andrew F. Hayes has been used.

1. Data Analysis and Interpretation

The demographic profile of respondents is as below (Table 2)-

Table 2: Demographic Profile of the Respondents

Factor Frequency Percent

20-30 152 37.8

31-40 189 47.0

Age 41-50 51 12.7
51-60 5 1.2
More than 60 5 1.2

1-3 214 53.2

4-6 119 29.6

Work tenure in present 7-10 48 11.9
University (in years) 11-15 17 4.2
More than 15 years 4 1.0

Regular 316 78.6
Type of Empl t Ad- 22 5.5

m n .
ypeo ployme hoc/Visiting/Guest

Contract 64 15.9

1-5 220 54.7

Total Experi . 6-10 108 26.9

. h;)t L xpenefnce n 1115 44 10.9
eaching/Industry (in years) 16.20 18 45
More than 20 years 12 3.0

The hypothesis to be tested is as follows-

Ho1: There is no significant impact of EI on OCB of teachers associated with higher educational

Institutions where student performance plays a mediating role

Hu1: There is a significant impact of EI on OCB of teachers associated with higher educational

Institutions where student performance plays a mediating role

In order to prove this hypothesis, the first step involves assessment of impact of EI (independent

variable) on student performance (mediating variable). It has been presented in figure 2 below-
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MEDIATING VARIABLE

STUDENT PERFORMANCE

EMOTIONAL
INTELLIGENCE

Fig 2: Impact of EI (independent variable) on student performance (mediating variable)
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Model:
Y: OCB
X: EI
M: SP

Sample
Size: 402
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OUTCOME VARIABLE:

Sp

Model Summary

R Rsq MSE F dfi df2 p

3935 1548 5113 73.2630 1.0000 400.0000 .0000

Model

coeft se t p LLCI ULCI

constant 1.2689 .3216 3.9453 .0001 .6366 1.9012

EI 7051 .0824 8.5594 .0000 .5432 .8671

Standardized coefficients

coeff

EI .3935
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It can be inferred from above output results that the R- squared value of the model is .1538 which
states that 15.38% deviation taking place in the student performance (mediating variable) is caused by

EI (independent variable).
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Both LLCI and ULCI values # 0. Also p-value = 0.00 (<0.05) indicates significant effects between

the student performance and EI.
Further, the significance level is less than 0.05 (p-value = 0.00)

. This concludes in rejection of null

hypothesis. Hence it can be stated that there is significant impact of EI of teachers associated with

higher educational institutions on student performance.

The next step is assessing the impact of both independent variable (EI) and mediating variable

(student population) on dependent variable (OCB). It has been presented in figure 3 below-

MEDIATING VARIABLE

STUDENT PERFORMANCE

EMOTIONAL
INTELLIGENCE IMPACT

Y

CIT

ORGANIZATIONAL
IZENSHIP BEHAVIOUR

Fig 3: Impact of both independent variable (EI) and mediating variable (student population)

OUTCOME VARIABLE:

OCB

Model Summary

R Rsq MSE F dfi df2 p

.7300 .5329 .0886 227.6000 2.0000 399.0000 .0000

Model

coefft se t p LLCI ULCI

constant .9595 .1365 7.0307 .0000 .6912 1.2278

EI .6531 .0373 17.5106 .0000 .5798 .7265

SP .0898 .0208 4.3166 .0000 .0489 .1308

Standardized coefficients

Coeff
EI .6517
SP 1606

It can be inferred from above output results that the R- squared value of the model is .5329. This
means that 53.29% deviation taking place in OCB (dependent variable) is due to Student Performance

and EI (independent variables).

Both LLCI and ULCI values # 0. The p-value of 0.00 indicates significant eftects between the
OCB and independent variables (EI) and between OCB and student performance (mediating variable).
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Further, the significance level is less that 0.05 (p-value = 0.00) owing to which null hypothesis
can be rejected and it can be stated that there is significant impact of EI and student performance on
OCB.

The total eftect model shows the impact of EI on OCB without the mediating variables that is
student performance. It has been presented in figure 4 below-

EMOTIONAL ORGANIZATIONAL

INTELLIGENCE IMPACT CITIZENSHIP BEHAVIOUR

Fig 4: Impact of Emotional Intelligence on Organizational Citizenship Behaviour without the
mediating variables student performance
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OUTCOME VARIABLE:

OCB

Model Summary

R Rsq MSE F dfi df2 »p

7149 5111 .0925 418.1354 1.0000 400.0000 .0000

Model

coefft se t p LLCI ULCI

constant 1.0735 .1368 7.8466 .0000 .8045 1.3424

EIl 7165 .0350 20.4484 .0000 .6476 .7854

Standardized coefficients

Coeft

EI .7149

The R- squared value of the model can be observed to be .5111. This means that 51.1% variance or
changes taking place in OCB can be attributed to EL

Both LLCI and ULCI values # 0. Also, the p-value = 0.00 which states that there are significant
effects between the EI and OCB.

Further, the significance level is less that 0.05 (p-value = 0.00) owing to which null hypothesis
can be rejected and it can be stated that there is significant impact of EI on OCB when there is no

mediating variable in form of student performance.

wrrennonooooos TOTAL, DIRECT, AND INDIRECT EFFECTS OF X QN Y #+ssssoes
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Total effect of X on' Y

Effect se t p LLCI ULCI c_cs

.7165 .0350 20.4484 .0000 .6476 .7854 .7149

Direct effect of X on Y

Effect se t p LLCI ULCI c'_cs

.6531 .0373 17.5106 .0000 .5798 .7265 .6517

Indirect effect(s) of X on Y:

Effect BootSE BootLLCI BootULCI

SP .0633 .0210 .0252 .1070

Completely standardized indirect effect(s) of X on Y:

Effect BootSE BootLLCI BootULCI

SP .0632 .0213 .0250 .1069

Total effect model is impact of EI on OCB without the student performance as mediating variables
wherein significant impact was found to exist.

Direct effect model is when all the variables are treated as independent variable (EI and student
performance). Herein as well significant impact of EI and student variable can be observed to exist on
OCB (dependent variable).

The indirect effect model states the effect of the student performance as mediating variable. The
true b-value for the indirect effect falls between .0252 and .1079 for Student performance. This range
does not include zero. This means that confidence interval does not contain zero. Hence the indirect
effect can be stated to be genuine owing to which student performance plays a role of mediator in the
relationship between EI and OCB.

Since, both total and direct effects are significant, the mediation can be stated to be partial.

Based on the above discussion, the null hypothesis can be rejected. It can be stated that there is a
significant impact of EI on OCB of teachers associated with higher educational institutions where
student performance plays a mediating role and this mediating role was found to be partial.

There are multiple researches available in the existing literature on relation between EI and OCB
(Chughtai et al., 2020; Meniado, 2020; Miao et al., 2018). All these researches found a positive relation
to exist between EI and OCB. Thus, these researches partially support the findings of the present
research further. Further, there are many researches have also researched the mediating role of different
variables between EI and OCB like mediating role of political skills (Butt et al., 2017; Riaz et al., 2018),
burnout (Cohen & Abedallah, 2015), social networks (Park & Rhee, 2020). But no research was fond
on assessing the mediating role of student performance. Thus, the present research is one of its kinds
and will thus enrich the existing literature.

Findings - The present research has been focused to assess the impact of EI on OCB under the

mediating role of student performance. It was found that firstly EI has a significant impact on OCB
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both in absence and presence of student performance as a mediator. Secondly it was found that student
performance does acts as a mediator wherein it plays a partial mediating role.

Conclusion

This means that student performance impact the OCB of teachers and it strengthens the impact
of EI on OCB. As a matter of fact, the chief aim of a teacher is to improve the performance of its
students which is bound to affect the teacher’s own professional life and conduct. The hard work of
the teacher is directly associated with the performance of the students. Further, since student
performance is playing a mediating role for impact of EI on OCB, EI of teacher also impacts student
performance. This impact was found to be positive in the present research. Thus, it can be stated that
if a teacher is emotionally intelligent then he/she will improve the performance of the students.

Additionally, this study will contribute to a deeper understanding of the connections between EI
and OCB and how it is affected student performance. Teachers need to know this information in order
to be able to help and understand their students in the best possible ways as teachers are the most
important stakeholders here.

Implications

On the basis of the findings of this research, it is recommended to the teachers that they encourage
the development of EI. This can be done through workshops and training in emotional regulation,
conflict resolution, and communication. Further, teachers should recognize and reward OCB
behaviors in students to reinforce their value.

Future Scope

It is obvious that teacher’s OCB has a favourable effect on student performance. Additional study
is required to investigate this further and to look at other possible elements that might influence
student performance, such as the impact of teaching strategies, the environment in the classroom, and
teacher’s morale. It is further recommended to conduct mediation analysis to confirm the indirect
effect of EI on OCB via SP. Also, exploring variations across demographics, such as age, cultural
background, or field of study is also a future scope for research.

References

Ariani, D. W. (2017). Relationship lecturers’ organizational citizenship behavior, students’ motivation and
students’ performance in Indonesia. Journal of Global Research in Education and Social Science, 9(2).

Butt, S. S., Nisar, Q. A., Nadeem, S., & Baig, F. (2017). Longitudinal study to examine the influence of emotional
intelligence on organizational citizenship behavior: Mediating role of political skills. WALIA Journal, 33(1), 54-63.

Cardoso-Pulido, M. J., Guijarro-Ojeda, J. R., & Pérez-Valverde, C. (2022). A Correlational Predictive Study of
Teacher Well-Being and Professional Success in Foreign Language Student Teachers. Mathematics, 10(10).
https://doi.org/10.3390/math10101720

Chamizo-Nieto, M. T., Arrivillaga, C., Rey, L., & Extremera, N. (2021). The Role of Emotional Intelligence, the
Teacher-Student Relationship, and Flourishing on Academic Performance in Adolescents: A Moderated Mediation
Study. Frontiers in Psychology, 12. https://doi.org/10.3389/fpsyg.2021.695067

Chughtai, M. S., Shah, S. Z. A., Maeenuddin, Hafeez, M., Ahmad, A., & Hussain, A. (2020). Emotional
intelligence and organizational citizenship behavior: Psychopathic trait as mediator and mindfulness as moderator.
International Journal of Advanced Science and Technology, 29(8 Special Issue).

Cohen, A., & Abedallah, M. (2015). The mediating role of burnout on the relationship of emotional intelligence
and  self-efficacy with OCB and performance. Management Research  Review, 38(1), 2-28.
https://diwqtxtsixzle7.cloudfront.net/43982295/Paper_74-with-cover-page-

VEDA-VIPASHA, VOL.-12 2025 - 209 -



ISSN 2348-7828

v2.pdf?Expires=1641793791&Signature=aPhmryvYtDMx0qrW CfOCmZQrtWCukb8orONZ3132jg6zhZRjaG2xL]SWx
00QfaD8OI7AHp05D7Ggtrp6 0FIHHwW-s710xxtXIcrI5dHNcLQsSoTgowmleVICNod4MQIZ]tK2T7vvq6P30ioNOfZg

Corcoran, R. P., & Tormey, R. (2013). Does emotional intelligence predict student teachers’ performance?
Teaching and Teacher Education, 35. https://doi.org/10.1016/j.tate.2013.04.008

Fernandez-Lasarte, O., & Axpe Sdez, E. R. D. E. L. (2019). Academic performance, perceived social support and
emotional intelligence at the university. European Journal of Investigation in Health, Psychology and Education, 9(1).
https://doi.org/10.30552/ejihpe.v9il.315

Jihan, F., Ritonga, I. M., & Setiamy, A. A. (2022). Effect of Emotional Intelligence on Organizational Citizenship
Behavior with Spirituality Workplace as a Variable Intervening at Guardian in Medan City. Jurnal Ekonomi LLDIKTI
Wilayah 1 (JUKET), 2(1). https://doi.org/10.54076/juket.v2i1.190

Kularbphettong, K. (2018). Analysis of Students’ Behavior Based on Educational Data Mining. Advances in
Intelligent Systems and Computing, 662. https://doi.org/10.1007/978-3-319-67621-0_15

Meniado, J. C. (2020). Organizational Citizenship Behavior and Emotional Intelligence of EFL Teachers in Saudi
Arabia: Implications to Teaching Performance and Institutional Effectiveness. Arab World English Journal (AWE]),
11(4), 3-14. https://doi.org/10.24093/awej/vollino4.1

Miao, C., Humphrey, R. H., & Qian, S. (2018). A Cross-Cultural Meta-Analysis of How Leader Emotional
Intelligence Influences Subordinate Task Performance and Organizational Citizenship Behavior. Journal of World
Business, 53(4).

Mohyi, A. (2021). The Effect of Emotional Intelligence, Organizational Commitment and Organizational
Citizenship Behavior on Employee Performance. Journal of International Conference Proceedings, 3(4).
https://doi.org/10.32535/jicp.v3i4.1013

Oplatka, I. (2009). Organizational citizenship behavior in teaching: The consequences for teachers, pupils, and
the school. International Journal of Educational Management, 23(5). https://doi.org/10.1108/09513540910970476

Park, H., & Rhee, S. Y. (2020). Emotional Intelligence and Organizational Citizenship Behaviour in Korea: The
Mediating  Effect of  Social = Networks.  Asian  Journal of  Business  Research, 10(3), 43.
https://doi.org/10.14707/ajbr.200090

Riaz, F., Naeem, S., Khanzada, B., & Butt, K. (2018). Impact of emotional intelligence on turnover intention, job
performance and organizational citizenship behavior with mediating role of political skill. Journal of Health Education
Research and Development, 6, 250.
https://web.archive.org/web/20190218202615id_/http://pdfs.semanticscholar.org/12b5/cbc0300b105379b137620c4d2

56d2£65f004.pdf
Savitha, S., & Sathyapriya, R. (2013). An Empirical Study on Organizational Citizenship Behavior and its

Dimensions in Enhancing Performance. Srusti Management Review, 6(2).

Valente, S., Veiga-Branco, A., Rebelo, H., Lourenco, A. A., & Cristévao, A. M. (2020). The relationship between
emotional intelligence ability and teacher efficacy. Universal Journal of FEducational Research, &(3).
https://doi.org/10.13189/ujer.2020.080324

VandeWaa, E., & Turnipseed, D. (2012). Emotional intelligence and organizational citizenship behavior of
university professors. [nternational Journal of Interdisciplinary Social Sciences, 6(7). https://doi.org/10.18848/1833-
1882/CGP/v06i07/52115

2k 5k 5k 5k 5k Sk 5k ok ok ok 5k Sk Sk Sk 5k 5k 5k 5k Sk Sk ok ok k%

- 210 - 2025 VEDA-VIPASHA,VOL.12



& oA
Wtﬂzﬂ;ﬂaﬁwm

e, 23wy (e ) O i e gy od sard
Wl T . A '""J': & TEEUAT T g
e § giaE ErerEaa e g dR\ sem AaTm W
ATEfEA W WS I 6 w1 W aEEh
FTd N HEA Hepd Ay ey Wi g9 6
B T WA UEEE W Y 2 YT VT W W wweEa
wem w Tive gare € it frerfroeer ® wf o vl

i ww el e 5 virez, B 3 T ol o ol 4

FHE Yo w WY TR FUQ E TS WA O e

e e neqﬂﬂﬁnﬂlihﬂaﬂﬂrnml €18 wa—nﬁl z:l.:--l# i
R 3 W MO W M| DR B & A & A o
Py | e W Y e N W e T 3 T W MR e e
= o e vl o asde o pams oftne i o e g i d oy

o mypow vn ol il l'l.':'nlmq;in-jumnr i

3 v e e o 4 e | ot

B W e A T
Ol mr T AT A A

W T AT e
= T |

7 feig w0 ot & s fowfoen el A

o i =
:. > ¥ Bd U A :l.!.rq-"'ﬁ-r.lj.l'\-c-.‘ = it ]|

Pofiee T 0 BT W faufen dmm o :vn! HE
¥ ..-_.:r.:_-.cl""'d".-.zlmﬂ-"l'-\lﬂ'ﬁl}-q"'l _H"L'l el
wen &1 A e £ 1 SEAE Rt A g 5 '.'Frl:.... # I

T r A 6y 3 7oA o e Tl A o W B

A .-:"’hamr‘i'l":rnm"uq—‘r‘c.ar:::.q
J—‘-t.r.....':"?'a'l-'"lf‘n-;s v @ R wE A
g B 18 9 21 5 2025 7 9R BA o) B 628 wiaien
3 4 & 26 70w 3 W 1 3R Tuai R PR T, W

L]
T, FEFRTIE O, By Tl T e e A




Resgis i"“‘E Refa @urea

Prinfed and published by Prof. Satyom Kumarn, Director on behalf
of Central Sansknt University, Vedavyas Campus, Balahar,

Edited by Prof. Manju Math 5.G.

Phone : 01970-24540% E-mail : director-balohar@csu.co.in
Prinfed ot Sharma Trading Company

Y.PO. Progpur Tehsil Dehra Distt. Kangra H.P Mob. 8628B-33249

Price ¥ : 500/-




