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f‚wgKv 
cwimsL¨vb AbymÜv‡b Avgiv GK ev GKvwaK mgMÖK †_‡K ỳB ev Z‡ZvwaK bgybv msMÖn K‡i _vwK| GB bgybv 
mg~‡ni M‡oi cv_©K¨ KZUzKz Zvrch©c~Y© Ges msM„nxZ bgybvmg~n GKB Mo wewkó mgMÖK †_‡K MÖnY Kiv n‡q‡Q 
wKbv †mB m¤úwK©Z wm×všÍ cvIqv hvq †f`v¼ we‡kølY (Analysis of variance) _v‡K| ỳB ev Z‡ZvwaK bgybv M‡oi 
cv_©‡K¨i Zvrch© hvPvB Ki‡Z Ô†f`v¼ we‡kølYÕ ev F-Test Kiv nq| 

†f`v¼ we‡køl‡Yi m~ÎcvZ nq K…wl Drcv`b m¤úwK©Z M‡elYv †_‡K| wKš‘ eZ©gv‡b mgvR weÁvb, cÖvK…wZK weÁvb 
BZ¨vw` cÖwZwU †m±‡i †f`v¼ we‡kølY cÖwµqv e¨eüZ n‡”Q| eZ©gv‡b cwiKwíZ M‡elYvi GwKU dvÛv‡g›Uvj Ask 
nj †f`v¼ we‡kølY ev ANOVA| M‡elYvi wWRvBb ˆZix Ki‡Z, bZzb cÖhyw³i cÖfve e¨vL¨v Ki‡Z, bxwZ wba©viY 
Ki‡Z BZ¨vw` cÖwZwU †ÿ‡Î ANOVA e¨envi Kiv nq| 
 
 
 
 
 

 

BDwbU mgvwßi mgq   BDwbU mgvwßi m‡e©v”P mgq 02 mßvn 

 G BDwb‡Ui cvVmg~n 
cvV 9.1 t †f`vsK we‡kølY 
cvV 9.2 t GKgyLx †kÖYxwefvM 
cvV 9.3 t wØgyLx †kÖYxwefvM 
cvV 9.4 t wØPjK wewkó wbf©iY g‡Wj 
cvV 9.5 t eûav wbf©iY g‡Wj 
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 †f`vsK we‡kølY 
Analysis of Variance 
 
 

 
D‡Ïk¨ 

G cvV †k‡l Avcwb-  
• †f`vsK we‡køl‡Yi AbywgwZmg~n ej‡Z cvi‡eb| 
• †f`vsK we‡køl‡Yi e¨envi e¨vL¨v Ki‡Z cvi‡eb| 
• †f`vsK we‡køl‡Yi cÖKvi‡f` m¤ú‡K© wjL‡Z cvi‡eb| 

 
 

†f`vsK we‡køl‡Yi AbywgwZmg~n 
Assumptions of Analysis of Variance 

†f`vsK we‡køl‡Yi AbywgwZmg~nÑ 
K. cÖ‡Z¨K bgybv cwiwgZ mgMÖK n‡Z ˆ`efv‡e D‡Ëvjb Kiv n‡e| 
L. bgybvmg~n mgMÖ‡Ki ˆewkó¨‡K cÖwZdwjZ Ki‡e| 
M. bgybv¸‡jv †h mKj mgMÖK n‡Z †bqv n‡e Dnv‡`i Mo I †f`vsKmg~n GKB n‡e| A_©vr µ1 = µ2 = ........ 

........= µn Ges σ1 = σ2 = .........................= σn|  
N.  mgMÖK¸‡jv ci¯úi ¯̂vaxb| 
hw` †Kvb wbw`ó mgm¨vq Dc‡ii AbywgwZmg~n †g‡b bv P‡j Zvn‡j †f`vsK we‡kølY c×wZ e¨envi Kiv hvq bv| 
†m‡ÿ‡Î AcivgvwÎK (Non-Parametric) †KŠkj e¨eüZ n‡e| 
 

†f`vsK we‡køl‡Yi e¨envi 
Uses of Analysis of Variance 

†f`vsK we‡køl‡Yi e¨envi wb‡¤œ D‡jøL Kiv njt 
K. cixÿ‡Yi DrKl©Zv e„w×‡Z GwU e¨eüZ nq| 
L. M‡elK Zuvi cixÿvi Zvrch© hvPvB Ki‡Z GwU e¨envi K‡ib| 
M.  mgvRweÁvb, ivóªweÁvb, K…wl, A_©bxwZ, wkÿv, e¨emv-evwYR¨, wPwKrmv kv ¿̄ cÖf…wZ †ÿ‡Î cixÿvg~jK 

M‡elYvq G c×wZ e¨cKfv‡e e¨eüZ nq| 
N. G c×wZ DbœZgv‡bi cixÿY bKkv cÖYq‡b mvnvh¨ K‡i| 
O. cixÿvjä Z_¨ we‡kølY Bnv e¨eüZ nq| 

†f`vsK we‡køl‡Yi †kÖYxwefvM 
Classification of Anaylysis of Variance 

†f`vsK we‡køl‡Yi c×wZ‡K wewfbœfv‡e †kÖYxwefvM Kiv hvq| h_v t 
K. GKgyLx †kÖYxwefvM, L. wØgyLx †kÖYxwefvM 
 

 mvims‡ÿc 

msM„nxZ Z_¨vewji †gvU †f`vsK‡K wfbœ wfbœ †kÖwYKi‡Yi Dcv`v‡bi Rb¨ c„_K c„_Kfv‡e fvM Kivi c×wZ‡K 
†f`vsK we‡kølY e‡j| ANOVA-Gi c~Y©iƒcwU n‡jv Analysis of Variance| †f`vsK we‡kølY cwimsL¨vwbK 
hvPvB‡qi g‡a¨ Gd hvPvB‡qi mv‡_ m¤úwK©Z| 
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 GKgyLx †kÖYxwefvM 
One Way Classification 
 
 
 

  

 
D‡Ïk¨ 

G cvV †k‡l Avcwb-  
• †f`vsK we‡køl‡Yi GKgyLx †kÖYxwefvM eY©bv Ki‡Z cvi‡eb| 
• †f`vsK we‡køl‡Yi GKgyLx †kÖYxwefvM m¤úwK©Z mgm¨vi mgvavb Ki‡Z cvi‡eb| 

 
GKgyLx †kÖYxwefvM 
One Way Classification 

†Kvb Z_¨mvwi‡K GKwU we‡kl Dcv`v‡bi ev ˆewk‡ó¨i wfwË‡Z †kÖYxe× Kiv n‡j Zv‡K GKgyLx †kÖYxwefvM e‡j| 
†h g‡W‡j GKgyLx †kÖYxwefvM Gi mvnv‡h¨ †f`vsK we‡kølY Kiv nq Zv‡K GKgyLx †kÖYxwefvM g‡Wj e‡j| 
D`vniY¯îƒc t mg¸Y m¤úbœ wKQz Rwg‡Z wZb ai‡i avb Pvl Kiv nj| wZb ai‡bi avb mg ev Amg msL¨K Rwg‡Z 
Pvl K‡i Drcv`‡bi cwigvY msMÖn Kiv nj| G ai‡Yi Z_¨B GKgyLx †kÖYxK…Z Z_¨| 
awi †Kvb Z_¨mvwi‡K k msL¨K †kÖYx‡Z wef³ Kiv nj Ges D³ †kÖYx¸‡jv n‡Z h_vµ‡g n1, n2, ....., nk msL¨K 
bgybvi Z_¨ †bqv nj| 
wb‡¤œi avcmg~‡ni mvnv‡h¨ GKgyLx †kÖYxK…Z Z‡_¨i †f`vsK we‡kølY Kiv njt-  
 
1g avc t Abygvb wbY©q Ñ bvw Í̄ Abygvb I weKí Abygvb wbY©q Ki‡Z _v‡K| G‡ÿ‡Î bvw Í̄ Abygvb, Ho : µ1 = µ2 

.......... = µk 

 

2q avc t †f`vsK we‡kølY mviYx (ANOVA) wbY©qt 
(i) bgybv mg~‡ni mgwó (T) wbY©q Ki‡Z n‡e| 
G‡ÿ‡Î T = kXXX Σ++Σ+Σ ..........21  

Ges ïw× msL¨v (Correction Factor) wbY©q Ki‡Z n‡e| G‡ÿ‡Î ïw× msL¨v n‡”Q 
n

T 2

 

GLv‡b n = n1 + n2 + ........ + nk 
(ii) †gvU eM© mgw÷ (Total Sum of Squares ev SST) wbY©q Ki‡Z n‡e| 

G‡ÿ‡Î SST = 
n

T
XXX k

2
22

2

2

1 .......... −Σ++Σ+Σ  

  =
n

T
X i

2
2 −Σ  

(iii) AvšÍt‡kÖYx eM© mgwó (Between Samples Sum of Squares ev SSB) wbY©q Ki‡Z n‡e| 

G‡ÿ‡Î SSB = 
n

T

n

X

n

X

n

X

k

k

22

2

2

2

1

2

1 )(
...........

)()(
−

Σ
++

Σ
+

Σ
 

  =
n

T

n

X

i

i

22)(
−

Σ
Σ  

(iv) AšÍt‡kÖYx eM© mgwó (Within Samples Sum of Squares ev SSW) wbY©q Ki‡Z n‡e| 
G‡ÿ‡Î SSW = SST-SSB 
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  = 
1

2
2 )(

n

X
X i

i

Σ
Σ−Σ GLv‡b i = 1, 2, ......................, k 

AZGe †f`vsK we‡kølY mviYx (Anova Table) − 

†f‡`i Drm eM© mgwó (Sum of Square) 

SS 

¯̂vaxbZvi 
gvÎv (v) 

Mo eM© mgwó 
(Mean Square) 

MS 

F 

AvšÍ:†kÖYx 
(Between 

Samples) 

SSB = 
n

T

n

X

i

i

22)(
−

Σ
Σ  

k − 1 
MSB = 

1−k

SSB
  

 

 

F = 
MSW

MSB
 

AšÍ:‡kÖYx (Within 

Samples) 
SSW = SST- SSB 

= 
i

i

i
n

X
X

2
2 )(Σ

Σ−Σ  

n − k 
MSW = 

kn

SSW

−
 

†gvU (Total) 
SST = 

n

T
X i

2
2 −Σ  

n-1  

3q avcÑ wm×všÍ: Dc‡ii mviYx‡Z cÖvß F Gi wbY©xZ gvb Ges ZvwË¡K (Critical) gvb Zzjbvi gva¨‡g bvw Í̄ Abygvb 
(Ho) MÖnYxq n‡e, bvwK eR©bxq n‡e Zv wba©viY Kiv hvq| †hgb FwbY©xZ > FZvwË¡K n‡j Ho eR©bxq n‡e| Ab¨_vq Ho 
MÖnYxq n‡e| 

D`vniY : GKRb M‡elK PviwU eªv‡Ûi ev‡j¦i RxebKvj wb‡q M‡elYv Ki‡Qb, ˆ`ePqb wfwË‡Z cÖ‡Z¨K eªv‡Ûi 
wZbwU K‡i evj¦ wbe©vPb K‡i Zv‡`i RxebKvj Rvbv †Mj †hÑ 

A B C D 

20 25 24 23 

19 23 20 20 

21 21 22 20 

PviwU eªv‡Ûi ev‡j¦i Mo RxebKvj mgvb wKbv 5% ¸iæ‡Z¡i Í̄‡i cixÿv Kiæb| 

mgvavb: awi, X1, X2, X3, Ges X4 n‡”Q h_vµ‡g A, B, C Ges D eªv‡Ûi ev‡j¦i RxebKvj wb‡ ©̀k K‡i| 
bvw Í̄ Abygvb, Ho : µ1= µ2 = µ3 = µ4 A_©vr PviwU eªv‡Ûi ev‡j¦i Mo RxebKvj mgvb| 
weKí Abygvb, HA : µ1 ≠ µ2 ≠ µ3 ≠ µ4  A_©vr PviwU eªv‡Ûi ev‡j¦i Mo RxebKvj mgvb bq| 
cÖ̀ Ë Z_¨vbymv‡i wb‡¤œi mviYxwU ˆZix Kiv n‡jvt 

X1 2

1X  X2 2

2X  X3 2

3X  X4 2

4X  

20 400 25 625 24 576 23 529 
19 361 23 529 20 400 20 400 
21 441 21 441 22 484 20 400 

ΣX1=60 Σ 2

1X

=1202 

ΣX2=69 Σ 2

2X = 

1595 

ΣX3= 66 Σ
2

3X = 

1460 

ΣX4= 63 Σ 2

4X

=1329 

GLv‡b bgybvi msL¨v, N = 12 

Ges †kÖYxi msL¨v, K = 4 
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wb‡¤œ 6 wU av‡ci mvnv‡h¨ Abygvb hvPvB Kiv njt 
avc-1 t bgybvmg~‡ni mgwó, T = ΣX1+ΣX2+ΣX3+ΣX4 

    = 60+69+66+63 

    = 258 

ïw×KiY msL¨v , 
n

T 2

 = 
12

)258( 2

= 5547 

avc 2 t †gvU eM© mgwó,  

 SST = 
n

T
X

2
2

1 −Σ
 

   = 
12

)258( 2
2

4

2

3

2

2

2

1 −Σ+Σ+Σ+Σ XXXX  

   =1202+1595+1460+1329-5547 

   = 5586-5547 

   = 39 

avc-3 t AvšÍ: †kÖYx eM© mgwó, 

 SSB = 
n

T

n

X

i

i

22)(
−

Σ
Σ  

   = 
n

T

n

X

n

X

n

X

n

X 2

2

2

2

2

2

2

2

2

2

1

2

1 )()()()(
−

Σ
+

Σ
+

Σ
+

Σ
 

   = 
12

)258(

3

)63(

3

)66(

3

)69(

3

)60( 22222

−+++   

   = 
3

1
[3600 + 4761 + 4356 + 3969] - 5547 

   = 5547
3

16686
−  

   = 5562-5547 

   = 15 

avc-4 t AšÍ:†kÖYx eM©mgwó, 
  SSW = SST-SSB 

   = 39-15 

  = 24 

avc-5 t †f`vsK we‡kølY (ANOVA) mviYxÑ 
 †f‡`i Drm eM© mgwó 

(Sum Square) SS 
¯̂vaxbZvi gvÎv 
(v) 

Mo eM© mgwó 
(Mean Square) MS 

F =
MSW

MSB
 

AvšÍ: †kÖYx 
(Between 

Sample) 

SSB = 15 k-1 

= 4-1 

=3 

MSB 

=
3

15
 = 5 

 

F =
3

5
 

= 1.67 AšÍ: †kÖYx 
(Within 

Sample) 

SSW = 24 n-k  

= 12-4 = =8 MSW=
8

24
 = 3 

†gvU (Total) SST = 39 n-1 =12-1=11  

 ∴ F Gi wbY©xZ gvb = 1.67 
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avc-5 t wm×všÍÑ 
†`Iqv Av‡Q, 
¸iæ‡Z¡i Í̄i, α = 5% = 0.05 

GLv‡b, v1 = k-1 = 4-1 = 3 Ges v2 = n-k = 12 - 4 = 8 

∴ F Gi ZvwË¡K gvb = 4.07 
†h‡nZz F Gi wbY©xZ gvb (1.67) Dnvi ZvwË¡K gvb (4.07) A‡cÿv †QvU| AZGe bvw Í̄ Abygvb MÖnYxq| A_©vr PviwU 
eªv‡Ûi ev‡j¦i Mo RxebKvj mgvb| 
 

 mvims‡ÿc 

†Kv‡bv cixÿY n‡Z cÖvß Z_¨ hw` †KejgvÎ GKwU ˆewk‡ó¨i wfwË‡Z †kÖwYKiY Ges mvRv‡bv nq, Zv‡K GKgyLx 
†kÖwYK…Z Z_¨ e‡j| 
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  wØ-gyLx †kÖwYwefvM 
Two-Way Classification 
 
 

  

 
D‡Ïk¨ 

G cvV †k‡l Avcwb-  
• †f`vsK we‡køl‡Yi wØgyLx †kÖwYwefvM e¨vL¨v Ki‡Z cvi‡eb| 
• †f`vsK we‡køl‡Yi wØgyLx †kÖwYwefvM m¤úwK©Z mgm¨vi mgvavb Ki‡Z cvi‡eb| 

 

wØ-gyLx †kÖYx wefvM 
Two-Way Classification 

†Kvb Z_¨ mvwi‡K- ỳwU we‡kl Dcv`vb ev ˆewk‡ó¨i wfwË‡Z †kÖYxe× Kiv n‡j Zv‡K wØ-gyLx †kÖYxwefvM e‡j| 
G‡ÿ‡Î cÖwZwU Z_¨gvb‡K ỳ‡Uv-ˆewk‡ó¨i hy³dj wnmv‡e we‡ePbv Kiv nq| g‡b Kwi K, Dcv`v‡bi p-msL¨K †kÖYx 
Ges L Dcv`v‡bi q msL¨K †kÖYx Av‡Q| d‡j cÖ‡Z¨K Z_¨‡K Xij Øviv wPwýZ Kiv hvq| †hLvb i = 2, ...., p Ges j 
= 1, 2, ....., q Av‡iv g‡b Kwi bgybvi msL¨v n| wb‡¤œi avcmg~‡ni mvnv‡h¨ †Kvb wØgyLx †kÖYxwefv‡Mi †ÿ‡Î Abygvb-
cixÿv Kiv hvq|| 
avc-1 t bgybvmg~‡ni mgwó, 

  T  = ij

q

j

p

i

X∑∑
== 11

 

   = X11 + X12 + ...... + Xpq 

 ∴ ïw× c` = 
n

T
2

 

avc-2 t †gvU eM© mgwó, SST  = 
n

T
X ij

q

j

p

i

2
2

11

−∑∑
==

 

    = 
n

T
XXX pq

2
22

12

2

11 .... −+++  

avc - 3 t K Dcv`vb¸‡jvi ga¨Kvi eM©mgwó, 

  SS1  = 
n

T

q

X
p

i

i 2

1

2

−
∑

=  

  = 
n

T

q

XXX p
222

2

2

1 ..........
−

+++
 

avc-4 t Dcv`vb¸‡jvi ga¨Kvi eM© mgwó, 

 SS2  =
n

T

p

X j

q

j
2

2

1 −
∑

=
  

   = 
n

T

p

XXX q
222

2

2

1 ..........
−

+++
 

avc-5t Aewkó (ÎæwU) eM© mgwó, 

cvV 9.3 



GgweG †cÖvMÖvg 

BDwbU-9  c„ôv-154 

SSE  = SST − SS1 − SS2 

 
avc-6 t †f`vsK we‡kølY (ANOVA) mviYxÑ 
†f‡`i Drm eM© mgwó 

(Sum Square) SS 

¯̂vaxbZvi gvÎv (v) Mo eM© mgwó 
(Mean Square) 
MS 

F =
E

i

MS

MS
 

K Dcv`v‡bi 
cÖKvi‡f` 

SS1 = 
n

T

q

X
p

i

i 2

1

2

−
∑

=  

v1= p − 1 
MS1 = 

1

1

v

SS
 F =

EMS

MS1  

L Dcv`v‡bi 
cÖKvi‡f` 

SS2 = 
n

T

p

X j

q

j
2

2

1 −
∑

=
 

v2= q − 1 
MS2 = 

2

2

v

SS
 F =

EMS

MS2  

Aewkó (ÎæwU) SSE =SST-SS1-SS2 v3= (p − 1)(q − 1) 
MSE = 

3v

SSE  
 

†gvU SST = 

n

T
X ij

q

j

p

i

2
2

11

−∑∑
==

 

pq-1  

 
avc-7 t wm×všÍÑ 
Dc‡ii mviYx‡Z cÖvß F-Gi wbY©xZ gvb Dnvi ZvwË¡K gvb A‡cÿv eo n‡j bvw Í̄ Abygvb (Ho) eR©bxq| Ab¨_vq Ho 
MÖnYxq n‡e| 
 
D`vniY : PviRb kÖwgK KZ©„K wZbwU wfbœ ai‡Yi †gwk‡bi mvnv‡h¨ ˆ`wbK Drcv`‡bi cwigvY wb‡¤œ D‡jøL Kiv 
n‡jvt 
†gwk‡bi 
cÖKvi‡f` 

kÖwgK 
A B C D 

1 4.5 6.4 7.2 6.7 
2 8.8 7.8 9.6 7.0 
3 5.9 6.8 5.7 5.2 

 
1% ¸iæ‡Z¡i Í̄‡i cixÿv KiæbÑ 
K. †gwkb¸‡jvi Mo Drcv`b ÿgZv mgvb wK bv? 
L. kÖwgK‡`i Mo Drcv`b ÿgZv mgvb wK bv? 
mgvavbt awi †gwkb I kÖwg‡Ki Drcv`b h_vµ‡g Xi Ges Xj Øviv wb‡ ©̀k Kiv n‡q‡Q| 
K) 
bvw Í̄ Abygvb, Ho : µ1 = µ2 = µ3 A_©vr †gwkb¸‡jvi Mo Drcv`b ÿgZv mgvb| 
weKí Abygvb, HA : µ1 ≠ µ2 ≠ µ3 A_©vr †gwkb¸‡jvi Mo Drcv`b ÿgZv mgvb bq| 
L) bvw Í̄ Abygvb, Ho : µ1 = µ2 = µ3 = µ4 A_©vr kÖwgK‡`i Mo Drcv`b ÿgZv mgvb| 
 weKí Abygvb, HA : µ1 ≠ µ2 ≠ µ3 ≠ µ4 A_©vr kÖwgK‡`i Mo Drcv`b ÿgZv mgvb bq| 
GLv‡b 
 bgybvi msL¨v, n = 12 
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 †gwk‡bi †ÿ‡Î †kÖYxi msL¨v, p = 3 

 kÖwg‡Ki †ÿ‡Î msL¨v, q = 4 

cÖ̀ Ë Z_¨vbymv‡i mviYx wb¤œiƒc t- 
†gwk‡bi 
cÖKvi‡f` 

kÖwgK 
†gvU (Xi) 

A B C D 

1 4.5 6.4 7.2 6.7 24.8 
2 8.8 7.8 9.6 7.0 33.2 
3 5.9 6.8 5.7 5.2 23.6 

†gvU (Xj) 19.2 21.0 22.5 18.9 ΣΣXij =81.6

 

wb‡¤œi avcmg~‡ni mvnv‡h¨ Abygvb cixÿv Kiv njt 

avc-1 t bgybvmg~‡ni mgwó, T  = ij

ji

X∑∑
==

4

1

3

1  

    =81.6 

∴ïw× msL¨v  = 
n

T 2

 

   = 
12

)6.81( 2

 

   = 
12

56.6658
 

   = 554.88 

avc - 2 t †gvU e‡M©i mgwó, 
 

SST = 
n

T
X ij

ji

2
2 −ΣΣ  

 ={(4.5)
2
+(8.8)

2
+(5.9)

2
+(6.4)

2
+(7.8)

2
+(6.8)

2
+(7.2)

2
+(9.6)

2
+(5.7)

2
+(6.7)

2
+(7.0)

2
+(5.2)

2
}- 

   
12

)6.81( 2

 

 = {20.25 + 77.44 + 34.81 + 40.96 + 60.84 + 46.24 + 51.84 + 92.16 + 32.49 +  

    44.89 +49 + 27.04} - 554.88 

 = 577.96-554.88 

 = 23.08 

 

avc - 3 t †gwk‡bi cÖKvi‡f‡`i ga¨Kvi eM©mgwó 
 

SS1 = 
n

T

q

X
p

i

i 2

1

2

−
∑

=  

 =
12

)6.81(

4

)6.23()2.33()8.24( 2222

−
++

 

 = 88.554
4

96.55624.110204.615
−

++
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 = 88.554
4

24.2274
−  

 =568.56-554.88 

 = 13.68 
 

avc - 4 t kÖwg‡Ki cÖKvi‡f` ga¨Kvi eM©mgwó, 

 SS2 = 
n

T

p

X j

q

j
2

2

1 −
∑

=  

  = 
12

)6.81(

3

)9.18()5.22()21()2.19( 22222

−
+++

 

  = 88.554
3

21.35725.50644164.368
−

+++
 

  = 88.554
3

10.1673
−  

  = 557.70-554.88 

  = 2.82 
 

avc - 5 t Aewkó (ÎæwUi) eM© mgwó, 
 SSE =SST−SS1−SS2 
  = 23.08 − 13.68 − 2.82 

  = 6.58 
 

avc - 6 t †f`vsK we‡kølY mviYxÑ 
†f‡`i Drm eM© mgwó 

(Sum Square) SS 

¯̂vaxbZvi gvÎv (v) Mo eM© mgwó 
(Mean Square) MS 

F 

†gwkb SS1 = 13.68 v1= p − 1  

= (3-1) 

= 2 

 

MS1 = 

1

1

v

SS
 

= 
2

68.13
 

= 6.84

F =
EMS

MS1

 

= 
10.1

84.6
 

= 6.22 

kÖwgK SS2 =2.82  v2= q − 1 = (4-1) = 

3 MS2 = 
2

2

v

SS

 

= 
3

82.2
 

= 0.94 

F =
EMS

MS2

 

= 
10.1

94.0
 

= 0.85 
Aewkó (ÎæwU) SSE =6.58 v3=(p − 1) (q − 1) 

=(3-1)(4-1)= 6 MSE = 
3v

SSE

 

= 
6

58.6
 = 1.10 

 

†gvU SST =23.08  pq-1 = 3×4-1 = 

11 
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avc-7 t wm×všÍÑ 
K) †`Iqv Av‡Q, 
¸iæ‡Z¡i Í̄i, α = 1% = 0.01 

¯̂vaxbZvi gvÎv Øq : v1 =2 Ges v3 = 6 

∴ F Gi ZvwË¡K gvb = 10.9 

†h‡nZz F Gi wbY©xZ gvb (6.22) Dnvi ZvwË¡K gvb (10.09) A‡cÿv †QvU| AZGe bvw Í̄ Abygvb (Ho) MÖnYxq| 
A_©vr  †gwkb¸‡jvi Mo Drcv`b ÿgZv mgvb| 
 
L) †`Iqv Av‡QÑ 
¸iæ‡Z¡i Í̄i, α = 1% = 0.01 

¯̂vaxbZvi gvÎv Øq : v2 =3 Ges v3 = 6 

∴ F Gi ZvwË¡K gvb = 9.78 

†h‡nZz F Gi wbY©xZ gvb (0.85) Dnvi ZvwË¡K gvb (9.78) A‡cÿv †QvU| AZGe bvw Í̄ Abygvb (Ho) MÖnYxq| A_©vr  
kÖwgK‡`i Mo Drcv`b ÿgZv mgvb| 
 

 mvims‡ÿc 

†Kv‡bv cixÿY n‡Z cÖvß Z_¨ hw` ỳwU ˆewk‡ó¨i wfwË‡Z †kÖwYKiY Ges mvRv‡bv nq Zv‡K wØgyLx †kÖwYKiY 
e‡j| 
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  wØPjK wewkó wbf©iY g‡Wj 
Two Variable Regression Model 
 
 

  

 
D‡Ïk¨ 

G cvV †k‡l Avcwb-  
• wØPjK wewkó wbf©iY g‡Wj wjL‡Z cvi‡eb| 
• wØPjK wewkó wbf©iY g‡Wj m¤úwK©Z mgm¨vi mgvavb Ki‡Z cvi‡eb| 

 

†f`vsK we‡kølY : wØ-PjK wewkó wbf©iY g‡Wj 
Analysis of Variance : Two Variable Regression Model 

awi wØPjK wewkó wbf©iY g‡WjÑ 
Yi = β1 +β2Xi + ui 

∴ wØPjK wewkó wbf©iY mgxKiYÑ 

Ŷ  = β1 + β2 X 

wbf©iY g‡W‡ji Xv‡ji cixÿv †f`vsK we‡køl‡Yi mvnv‡h¨ Kiv hvq| wb‡¤œ e¨vL¨v Kiv njt 
 

avc-1 t wbf©iY mgxKi‡Yi Xvj wbY©q 

 
22

)(

))((ˆ
XX

YYXX

−Σ

−−Σ
=β  

  = 

n

X
X

n

YX
XY

2
2 )(Σ

−Σ

ΣΣ
−Σ

 

 

avc - 2 t †gvU †f` wbY©q t 
 SST = 

2)( YY −Σ  

  = 
n

Y
Y

2
2 )(Σ

−Σ  

 

avc - 3 t e¨vL¨vwqZ †f` wbY©q t 

 SSR = 
2)ˆ( YY −Σ  

  = 
22

2 )(ˆ XX −Σβ  

  = 






 Σ

−Σ
n

X
X

2
22

2

)(
β̂  

 

avc - 4 t Ae¨vL¨vwqZ †f` wbY©q t 
 SSE = 

2)ˆ( YY −Σ  

  = SST - SSR 

 
 

cvV 9.4 
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avc - 5 t †f`vsK we‡kølY (ANOVA) mviYxt 
†f‡`i Drm eM© mgwó 

(Sum Square) SS 
¯̂vaxbZvi gvÎv 
(v) 

Mo eM© mgwó 
(Mean Square) MS 

F 

wbf©iY (R) SSR = 
22

2 )(ˆ XX −Σβ  

k−1 

= 2−1 

=1 

MSB = 
1

SSR
 

 

 

F = 
MSE

MSR
 

ÎæwU (E) SSE 

= Σ(Y- )Ŷ 2
 

n−k 

= n−2 
MSE = 

2−n

SSE
 

†gvU (T) SST = = Σ(Y- )Y 2 n−1  

 

avc - 6 t wm×všÍÑ 
hw` F Gi wbY©xZgvb Dnvi ZvwË¡K A‡cÿv eo nq Zvn‡j bvw Í̄ Abygvb eR©bxq| Ab¨_vq bvw Í̄ Abygvb MÖnYxq n‡e| 
 

D`vniY : wb‡¤œ Avq I †fv‡Mi Z_¨ †`qv njt 
Avq 8 10 12 14 16 18 20 22 24 26 
†fvM 7 7 9 10 11 12 12 14 16 15 
wbf©iY g‡W‡ji Xvj k~b¨ wKbv Anova †Uwe‡ji mvnv‡h¨ cixÿv Kiæb (hLb α = 5%) 
 

mgvavb t awi, Avq I †fvM‡K h_vµ‡g X Ges Y Øviv wb‡ ©̀k Kiv n‡q‡Q| 
bvw Í̄ Abygvb, Ho : β2 = 0 A_©vr wbf©iY g‡W‡ji Xvj k~b¨| 
weKí Abygvb, HA : β2 ≠ 0  A_©vr wbf©iY g‡W‡ji Xvj k~b¨ bq| 
 

cÖ̀ Ë Z_¨vbymv‡i mviYx wb¤œiƒcÑ 
Avq (X) †fvM (Y) XY X

2 Y
2 

8 7 56 64 49 
10 7 70 100 49 
12 9 108 144 81 
14 10 140 196 100 
16 11 176 256 121 
18 12 216 324 144 
20 12 240 400 144 
22 14 308 484 196 
24 16 384 576 256 
26 15 390 676 225 

ΣX = 170 ΣY = 113 ΣXY =2088 ΣX
2 
= 3220 ΣY

2 
= 1365 

 
wb‡¤œi avcmg~‡ni mvnv‡h¨ Abygvb cixÿv Kiv n‡jvt- 
avc - 1 t †gvU †f` wbY©q t 

 SST = 
n

Y
Y

2
2 )(Σ

−Σ  

  = 1365 -
10

)113( 2

 

  = 1365 -1276.9 

  = 88.1 
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avc - 2 t e¨vL¨vwqZ †f` wbY©q t 

 SSR = 






 Σ

−Σ
n

X
X

2
22

2

)(
β̂  

GLb wbf©iY mgxKi‡Yi Xvj, 
 

 GL 2β̂ = 

n

X
X

n

YX
XY

2
2 )(Σ

−Σ

ΣΣ
−Σ

 

  

10

)170(
3220

10

113170
2088

2

−

×
−

=  

  = 
28903220

19212088

−

−
 

  = 
330

167
 

  = 0.51 

∴ SSR  = 








−
10

)170(
3220)51.0(

2
2

 

  = 0.26 (3220-2890) 

  = 0.26 (330) 

  = 85.8 

 

avc - 3 t Ae¨vL¨vwqZ †f` wbY©q t 
 SSE = SST - SSR 

  = 88.1 - 85.8 

  = 2.3 

 
avc - 4 t †f`vsK we‡kølY (ANOVA) mviYxt 
†f‡`i Drm eM© mgwó 

(Sum Square) SS 

¯̂vaxbZvi gvÎv 
(v) 

Mo eM© mgwó 
(Mean Square) 
MS 

F 

wbf©iY (R) SSR = 85.8 v1= k − 1  

= 2-1 

= 1 

 

MSR = 
1v

SSR
  

= 85.8

 

F = 
MSE

MSR
  

= 29.0

8.85

 

= 295.86 
ÎæwU (E) SSE =2.3 v2= n − k 

= 10-2 

= 8 

MSE = 
2v

SSE
  

= 0.29 

†gvU (T) SST =88.1  n-1 = 10-1 

= 9 
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∴ F Gi wbY©xZ gvb = 295.86 

avc-5 t wm×všÍÑ 
†`Iqv Av‡Q - ¸iæ‡Z¡i Í̄i, α = 5% = 0.05 

GLv‡b ¯̂vaxbZvi gvÎvØq : v1 =1 Ges v2 = 8 

∴ F Gi ZvwË¡K gvb = 5.32 

†h‡nZz F Gi wbY©xZ gvb (295.85) Dnvi ZvwË¡K gvb (5.32) A‡cÿv eo| AZGe bvw Í̄ Abygvb (Ho) eR©bxq| 
A_©vr wbf©iY g‡W‡ji Xvj k~b¨ bq| 
 

 mvims‡ÿc 

wbf©iY g‡W‡ji Xv‡ji cixÿv †f`vsK we‡køl‡Yi mvnv‡h¨ Kiv hvq| 
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  eûav wbf©iY g‡Wj 
Multiple Regression Model 
 
 

  

 
D‡Ïk¨ 

G cvV †k‡l Avcwb-  
• eûav wbf©iY g‡Wj eY©bv Ki‡Z cvi‡eb| 
• eûav wbf©iY g‡Wj m¤úwK©Z mgm¨vi mgvavb Ki‡Z cvi‡eb| 

 
 

†f`vsK we‡kølY t eûav wbf©iY g‡Wj 
Analysis of Variance : Multiple Regression Model 

†h cwimsL¨vwbK c×wZ‡Z ỳB ev Z‡ZvwaK ¯̂vaxb Pj‡Ki mv‡_ Aaxb Pj‡Ki MvwYwZK m¤úK© mgxKi‡Yi gva¨‡g 
cÖKvk Kiv nq Ges ¯̂vaxb PjK¸‡jvi cÖ̀ Ë gv‡bi Rb¨ Aaxb Pj‡Ki Mo gvb Rvbv hvq Zv‡K eûav wbf©iY g‡Wj 
e‡j| 
awi X1 I X2 ỳwU ¯̂vaxb PjK Ges Y Aaxb PjK| 
∴ eûav wbf©iY g‡WjÑ 
  Yi = βο +β1X1i +β2X2i +Ui 

∴ eûav wbf©iY mgxKiYÑ 

  2211
ˆˆˆˆ XXY O βββ ++=  

wbf©iY g‡W‡ji Xvj¸‡jvi gvb k~b¨ wKbv †f`vsK we‡køl‡Yi mvnv‡h¨ cixÿv Kiv hvq| wb‡¤œ e¨vL¨v Kiv n‡jv t 
avc - 1 t †gvU †f`, SST = Σy

2 GLv‡b y = Y-Y  
 

avc - 2t e¨vL¨vwqZ †f`, SSR = 2211
ˆˆ yxyx Σ+Σ ββ  

 GLv‡b 1β̂ = 
2

21

2

2

2

1

221

2

21

)( xxxx

yxxxxyx

Σ−ΣΣ

Σ+Σ−Σ+Σ

 

Ges 2β̂ = 
2

21

2

2

2

1

121

2

12

)( xxxx

yxxxxyx

Σ−ΣΣ

Σ+Σ−Σ+Σ
 

x1=x1- 1x  

x2=x2- 2x  

 

avc - 3 t Ae¨vL¨vwqZ †f`, SSE = SST - SSR 

 ∴ 2211

22 ˆˆˆ yxyxyu Σ−Σ−Σ=Σ ββ  
 

avc- 4 t †f`vsK we‡kølY mviYxÑ 
†f‡`i Drm eM© mgwó 

(Sum Square) SS 

¯̂vaxbZvi gvÎv 
(v) 

Mo eM© mgwó 
(Mean Square) MS 

F 

wbf©iY (R) SSR=

2211
ˆˆ yxyx Σ+Σ ββ  

v1= k − 1  

 
MSR = 

1v

SSR
  

 

 

F = 
MSE

MSR
 ÎæwU (E) SSE = 

2
ûΣ  v2= n − k 

MSE = 
2v

SSE
  

†gvU (T) SST = 2yΣ  n-1  
GLv‡b, k = cwigvcK…Z civwgwZi msL¨v 

cvV 9.5 
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n = Z‡_¨i msL¨v 
avc - 5 t wm×všÍ : 
hw` F Gi wbY©xZ gvb Dnvi ZvwË¡K gvb A‡cÿv eo nq Zvn‡j bvw Í̄ Abygvb eR©bxq| Ab¨_vq bvw Í̄ Abygvb MÖnYxq 
n‡e| 
 
D`vniY  : GKwU eûav wbf©iY g‡W‡ji Z_¨mg~n wb¤œiƒcÑ 
Σyx1 = 775.22,  Σy

2

1x = 6086.10, Σy
2

2x  = 192.20, Σx1x2 = -1019.62, Σyx2 = -125.61, Σy
2 

= 104.75, n = 

10 

wbf©iY g‡W‡ji Xvj¸‡jvi gvb k~b¨ wKbv 5% ¸iæ‡Z¡i ¯Í‡i cixÿv Kiæb| 
mgvavb: †`Iqv Av‡QÑ 
Σyx1 = 775.22,  Σy

2

1x = 6086.10, Σy
2

2x  = 192.20, Σx1x2 = -1019.62, Σyx2 = -125.61, Σy
2 

= 104.75, n = 

10 

cÖ̀ Ë Z_¨vbymv‡i wbf©iY g‡Wj n‡eÑ 
Y = β0 + β1x1 + β2x2 + U 

 

bvw Í̄ Abygvb, H0 : β1 = β2 = 0 A_©vr wbf©iY g‡W‡ji Xvj¸‡jvi gvb k~b¨| 
weKí Abygvb, HA : β1 ≠ β2 ≠ β2 ≠ 0 A_©vr wbf©iY g‡W‡ji Xvj¸‡jvi gvb k~b¨ bq|  
wb‡¤œi avcmg~‡ni mvnv‡h¨ Abygvb cixÿv Kiv n‡jvÑ 
avc - 1 : †gvU †f` 
 SST = 

2yΣ  

  = 104.75 

avc - 2 t e¨vL¨vwqZ †f` 

 SSR  = 2211
ˆˆ yxyx Σ+Σ ββ  

 GLb 1β̂
 

= 
2

21

2

2

2

1

221

2

21

)( xxxx

yxxxxyx

Σ−ΣΣ

ΣΣ−ΣΣ
 

   = 
2)62.1019()20.192)(10.6086(

)61.125)(62.1019()20.192)(22.775(

−−

−−−

 

   = 
94.103962442.1169748

47.12807428.148997

−

−
 

   = 
48.130123

81.20922
 

   = 0.1608 

 Ges 2β̂
 

= 
2

21

2

2

2

1

121

2

12

)( xxxx

yxxxxyx

Σ−ΣΣ

ΣΣ−ΣΣ
 

   = 
2)62.1019()20.192)(10.6086(

)22.775)(62.1019()10.6086)(61.125(

−−

−−−
 

   = 
94.103962442.1169748

82.79042902.764475

−

+−
 

   = 
48.130123

80.25954
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   = 0.1995 

 SSR  = (0.1608)(775.22) + (0.1995)(-125.61) 

   = 124.66 - 25.06 

   = 99.60 

 
avc - 3 t Ae¨vL¨vwqZ †f` 
 SSR = SST - SSR 

  = 104.75 - 99.66 

  = 5.15 

avc - 4 t †f`vsK we‡kølY mviYx- 
†f‡`i Drm eM© mgwó 

(SS) 

¯̂vaxbZvi gvÎv 
(v) 

Mo eM© mgwó 
(MS) F =

MSE

MSR
 

wbf©iY (R) SSR = 99.60 v1= k − 1  

= 3-1 

= 2 

 

MSR = 
1v

SSR
  

=
2

60.99
 

= 49.8

F = 
74.0

8.49
 

= 67.30 

ÎæwU (E) SSE =5.15 v2= n − k 

= 10-3 

= 7 

MSE = 
2v

SSE
  

= 
7

15.5
 

= 0.74 

†gvU (T) SST =104.75  n-1 = 10-1 

= 9 

 

∴ F Gi wbY©xZ gvb = 67.30 

avc-5 t wm×všÍÑ 
†`qv Av‡Q - ¸iæ‡Z¡i Í̄i, α = 5% = 0.05 

GLv‡b ¯̂vaxbZvi gvÎvØq : v1 =2 Ges v2 = 7 

∴ F Gi ZvwË¡K gvb = 4.74 

†h‡nZz F Gi wbY©xZ gvb (67.30) Dnvi ZvwË¡K gvb (4.74) A‡cÿv eo| AZGe bvw Í̄ Abygvb Ho eR©bxq| A_©vr 
wbf©iY g‡W‡ji Xvj¸‡jvi gvb k~b¨ bq| 
 

 mvims‡ÿc 

†h cwimsL¨vwbK c×wZ‡Z ỳB ev Z‡ZvwaK ¯̂vaxb Pj‡Ki mv‡_ Aaxb Pj‡Ki MvwYwZK m¤úK© mgxKi‡Yi gva¨‡g 
cÖKvk Kiv nq Ges ¯̂vaxb PjK¸‡jvi cÖ̀ Ë gv‡bi Rb¨ Aaxb Pj‡Ki Mo gvb Rvbv hvq Zv‡K eûav wbf©iY 
g‡Wj e‡j| 
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cv‡VvËi g~j¨vqb  

iPbvg~jK cÖkœ 
 

1| †f`vsK we‡kølY ej‡Z Kx ey‡Sb ? 
2| †f`vsK we‡kølY AbywgwZmg~n wjLyb| 
3| †f`vsK we‡køl‡Yi e¨envi wjLyb| 
4| GKgyLx †kÖwYwefvM n‡Z †f`vsK we‡kølY mviwY ˆZwi Kivi Dcvq eY©bv Kiæb|  
5| wØ-gyLx †kÖwYwefv‡Mi †ÿ‡Î †f`vsK we‡kølY mviwY wKfv‡e ˆZwi Kiv hvq? 
6| eû wbf©iY g‡Wj ej‡Z wK eyS? Gi †ÿ‡Î †f`vsK we‡kølY mviwb ˆZwi Kiæb| 
 
 


