
BDwbU 7  †f`vsK we‡kølY I cix¶‡Yi wWRvBb (Analysis of Variance & 
Design of Experiments) 

†h †Kvb cwimsL¨vwbK we‡køl‡Y †f`vsK we‡kølY GKwU kw³kvjx c×wZ| Avi, G, wdkvi me© 

cÖ_g †f`vsK we‡køl‡Yi c×wZ D™¢veb K‡ib| K…wl, RxeweÁvb, mvgvwRK weÁvb BZ¨vw` †¶‡Î 

M‡elYvi Rb¨ †f`vsK we‡kølY c×wZ I cwi¶‡Yi wWRvBb cÖ‡qvM Ki‡Z nq| †f`vsK we‡kølY 

Ges cix¶‡Yi wWRvBb A½v½xfv‡e RwoZ| wWRvBb cwimsL¨vwbK bv n‡j †hgb †f`vsK 

we‡kølY AmyweavRbK †Zgwb †f`vsK we‡kølY Qvov cix¶‡Y wWRvBb †_‡K cÖvß DcvË we‡kølY 

m¤¢e bq| Avi, G, wdkvi D™¢vweZ G c×wZ¸‡jv hw`I cÖ_‡g K…wl M‡elYvq e¨eüZ nZ, 

eZ©gv‡b G‡`i e¨envi e¨vcKfv‡e wewfbœ †¶‡Î we¯Ívi jvf Ki‡Q| G BDwb‡U wewfbœ cv‡V 

†f`vsK we‡kølY, cix¶‡Yi wWRvBb, m¤úY© ˆ`evwqZ wWRvBb, ˆ`evwqZ eøK wWRvBb, jvwZb eM© 

wWRvBb BZ¨vw` wel‡q we¯ÍvwiZfv‡e Av‡jvPbv Kiv n‡q‡Q| 

cvV 7.1 †f`vsK we‡kølY (Analysis of variance) 

G cvV †k‡l Avcwb - 

■ †f`vsK we‡kølY e¨vL¨v Ki‡Z cvi‡eb| 

■ †f`vsK we‡køl‡Yi Abygvbmg~n ej‡Z cvi‡eb| 

■ †f`vsK we‡køl‡Yi ˆiwLK g‡Wj m¤ú‡K© ej‡Z cvi‡eb| 

■ †f`vsK we‡kølY c×wZ m¤ú‡K© ej‡Z cvi‡eb| 

■ †f`vsK we‡kølY m¤úwK©Z mgm¨vi mgvavb Ki‡Z cvi‡eb| 

†f`vsK we‡kølY (Analysis of Variance) 

Z_¨mg~‡ni †gvU †f`vsK‡K †kªwYweb¨vm Abymv‡i K‡qKwU fv‡M fvM Kiv‡K †f`vsK we‡kªlY 

e‡j| Avi, G, wdkvi Gi g‡Z Ò†f`vsK we‡kølY n‡jv GK¸”Q Kvi‡Yi Rb¨ m„wóK…Z †f`vsK 

†_‡K wewfbœ wPwýZKi‡Yi Rb¨ m„wóK…Z †f`vsK c„_KxKiYÓ| 

D`vniY¯̂iƒc wZb Rv‡Zi avb Drcv`‡b †Kvb av‡b Kx cwigvY mvi cÖ‡qvM Ki‡j fv‡jv djb 

n‡e cix¶v Kivi wbwg‡Ë cix¶vKvh© cwiPvjbvi mgq †`Lv hv‡e cÖwZ LÛ Rwg‡Z GKB ai‡bi 

cix¶‡Y wewfbœ ai‡bi Drcv`b cwijw¶Z nq| d‡j a‡i †bqv nq †h av‡bi Drcv`‡bi †f`vsK 

Av‡Q mv‡ii wewfbœZvi Kvi‡Y, av‡bi Rv‡Zi wewfbœZvi Kvi‡Y Ges wKQy AwbqwšÍZ µwUi 

Kvi‡Y| A_©vr  

av‡bi Drcv`‡bi ‡gvU †f`vsK = mv‡ii wewfbœZvi Kvi‡Y †f`vsK + Rv‡Zi wewfbœZvi Kvi‡Y 

†f`vsK + µwUi Kvi‡Y †f`vsK| 

AZGe †gvU †f`vsK‡K wewfbœ Kvi‡Yi Av‡jv‡K K‡qKwU fv‡M fvM K‡i we‡kølY Kiv‡K 

†f`vsK we‡kølY e‡j| 

†f`vsK we‡køl‡Yi c×wZ 

g‡bKwi GKwU cwiwgZ web¨vm N(,2

) †_‡K xi, GKwU ˆ`e bgybv| A_©vr Avgv‡`i nv‡Z n 

msL¨K DcvËgvb Av‡Q Ges G¸‡jv ¸YMZ wb`v‡b m Mªy‡c wef³| †hgb x hw` dm‡ji 

Drcv`b nq Z‡e m Mªyc/Rv‡Zi dm‡ji Drcv`b eySv‡e| g‡bKwi, cÖ‡Z¨K Mªy‡c Ae‡jvK‡bi 

msL¨v P| myZivs mp = n| DcvË¸‡jv‡K Xij (i = 1, 2 .......... m, j = 1, 2, ........... P) 

Øviv wPwýZ Kiv hvq| Xij n‡jv i Zg Mªy‡ci j Zg gvb Ges G‡`i‡K wb¤œwjwLZfv‡e mvwR‡q 

BDwbU 7 †f`vsK we‡kølY 

I cix¶‡Yi wWRvBb 

 

†gvU †f`vsK‡K wewfbœ 

Kvi‡Yi Av‡jv‡K K‡qKwU 

fv‡M fvM K‡i we‡kølY 

Kiv‡K †f`vsK we‡kølY 

e‡j| 
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†jLv hvq| Mªyc ev Rv‡Zi dmj Drcv`‡bi g‡a¨ cv_©K¨ Av‡Q wK bv †`L‡Z n‡e| G‡`i‡K Ph©v 

(treatment) ejv nq| 

 Mªyc 1 Mªyc 2  

Mªyc m 
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DcwiD³ DcvËmg~‡ni †gvU eM© mgwó n‡jv - 

( )X Xij
j

P

i

m





11

2
; GLv‡b X  DcvË¸‡jvi Mo| 

GLb Mªyc¸‡jv ev Ph©v¸‡jv GKB Rv‡Zi n‡j Ges †h GKK¸‡jv‡Z Ph©v¸‡jv cÖ‡qvM Kiv n‡q‡Q 

Zv GKB ai‡bi n‡j A_©vr †Kvb dm‡ji exR¸‡jvi g‡a¨ hw` cv_©K¨ bv _v‡K Ges Rwgi L‡Ûi 

De©iZv BZ¨vw` hw` GKB ai‡bi nq Z‡e †m‡¶‡Î †gvU eM© mgwó (Total S.S.) k~b¨ nIqv 

DwPZ| wKš‘ ev Í̄‡e †`Lv hvq Ph©v¸‡jv mvaviYZ wewfbœ Rv‡Zi nq Ges †m Kvi‡Y Ph©v¸‡jvi Mo 

cwigv‡Yi g‡a¨ g‡a¨ †f`vsK cvIqv hv‡e A_©vr X 1 , X 2 ............ X m  Gi g‡a¨ †f`vsK 

Av‡Q| Avevi cix¶v Kv‡R wKQy Awbqwš¿Z µwUi Kvi‡YI †f`vsK n‡Z cv‡i| myZivs GLv‡b 

†gvU †f`vs‡Ki ỳwU Drm _vK‡Z cv‡i| 

 Ph©vi wewfbœZv 

 Awbqwš¿Z µwU 

AZGe †gvU eM© mgwó‡K Drm Abymv‡i wefvRb K‡i cvB 

S S (Total) = ( )X Xij
j

P

i

m
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ji
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ji
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i
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†gvU eM© mgwó = Ph©vi eM© mgwó + µwUi eM© mgwó 

cix¶v Kv‡R wKQy Awbqwš¿Z 

µwUi Kvi‡YI †f`vsK n‡Z 

cv‡i| myZivs GLv‡b †gvU 

†f`vs‡Ki ỳwU Drm _vK‡Z 

cv‡i| 
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GLv‡b cÖ‡Z¨KwU eM© mgwó‡K cÖ‡Z¨KwUi ¯̂vaxbZv gvb (df) Øviv fvM Ki‡j cÖ‡Z¨KwUi †f`vsK 

cvIqv hv‡e| Gfv‡e †gvU †f`vsK‡K †f`vs‡Ki Drm Abymv‡i Ph©vi †f`vs‡K Ges µwUi 

†f`vs‡K fvM Kivi c×wZ‡K †f`vsK we‡kølY e‡j| †f`vsK we‡kølY GK †kªwYK…Z, wØ‡kªwYK…Z, 

wÎ‡kªwYK…Z n‡Z cv‡i| K…wl, RxeweÁvb, mgvRweÁvb BZ¨vw` †¶‡Î M‡elYvi Rb¨ †f`vsK 

we‡køl‡Yi e¨vcK e¨envi nq| wb‡¤œ GB wKQy Av‡jvPbv Kiv n‡jv| 

†f`vsK we‡køl‡Yi e¨envi 

 K…wl‡¶‡Î bZzb †Kvb K…wlcY¨ Avwe®‹…Z n‡j ev bZzb Pvlvev` Avwe®‹…Z n‡j ev bZzb mvi 

Avwe®‹…Z n‡j G¸‡jvi Kvh©KvwiZv hvPvB Gi Rb¨ †f`vsK we‡kølY LyeB cÖ‡qvRb| A_©vr 

†Kvb wKQyi Zzjbvg~jK cv_©K¨ ev †KvbUvi cÖfve †ewk wbY©‡qi Rb¨ †f`vsK we‡kølY `iKvi 

nq| 

 cï M‡elYvi †¶‡Î †Kvb †Kvb Lv`¨ cÖ‡qvM Ki‡j cïi AvKvi eo n‡e ev G‡`i `y‡ai 

cwigvY e„w× cv‡e Zzjbvg~jK Av‡jvPbvi Rb¨ †f`vsK we‡kølY Ki‡Z nq| 

 †Kvb j¨ve‡iUix cix¶vq †hgb †Kvb Jla †Kv¤úvbx‡Z GKB †iv‡Mi Rb¨ K‡qK cÖKvi 

Jla _vK‡j †KvbwUi Kvh©KvwiZv †Kgb Zv hvPvB Kivi Rb¨ †f`vsK we‡kølY cÖ‡qvRb| 

 cwimsL¨vwbK M‡elYvi †h †Kvb wKQy hvPvB wKsev Zzjbvg~jK cv_©K¨ wbY©‡q †f`vsK 

we‡kølY cÖ‡qvRb nq| 

D`vniY 

(1) AvDk, Avgb I Bwi wZbwU Rv‡Zi av‡bi g‡a¨ †Kvb& avbwU †ewk Drcv`b¶g hvPvB‡qi 

Rb¨ GKwU cix¶v cwiPvjbv Kiv n‡q‡Q| cix¶vi KvR m¤úY© ˆ`e Pqb wfwË‡Z †bqv n‡q‡Q| 

wb‡P msM„nxZ DcvË mviwY †`qv n‡jv| †f`vsK we‡kølY Kiæb| 

 AvDk Avgb Bwi 

 

av‡bi Drcv`b 

12 

13 

11 

10 

9 

12 

15 

14 

14 

†gvU 36 31 43 

 

GLv‡b bgybvi †gvU gv‡bi msL¨v 9 Ges mKj gv‡bi mgwó 110 

 

me©‡gvU eM© mgwó = ( ..)X Xij
ji 
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 = 1376.00 - 1344.44 

 = 31.56 

†Kvb j¨ve‡iUix cix¶vq 

†hG †Kvb Jla †Kv¤úvbx‡Z 

GKB †iv‡Mi Rb¨ K‡qK 

cÖKvi Jla _vK‡j †KvbwUi 

Kvh©KvwiZv †Kgb Zv hvPvB 

Kivi †f`vsK we‡kølY 

cÖ‡qvRb| 
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av‡bi wewfbœZvi Kvi‡Y eM© mgwó  =  ( . ..)X Xi

 

  = 




X Xi ij. ( ) 

 
 

  = 




    ( ) .  

  = 24.22 

 

Awbqwš¿Z µwUi Kvi‡Y eM© mgwó  = †gvU eM© mgwó - av‡bi wewfbœZvi Kvi‡Y eM© mgwó 

 = 31.56 - 24.22 

 = 7.34 

 

mwÜ¶‡Yi wbKUZg cv_©K¨ (Critical difference) 

hw` ỳB ev Z‡ZvwaK Pvh©vi cÖfv‡ei e¨eavb Zvrch©c Y© dj wbwi¶‡Yi Øviv cÖKvk cvq A_©vr 

hw` bvw Í̄K Kíbv (null hypothesis) evwZj nq Z‡e †Kvb `ywU Ph©vi cÖfv‡ei Rb¨ bvw Í̄K 

Kíbv evwZj nq Zv wbY©q Kiv cÖ‡qvRb| GRb¨ `yÕwU K‡i Ph©vi cÖfve t - test Gi mvnvh¨ wb‡q 

†ei Kiv nq| me‡P‡q Kg e¨eavb hy³ Ph©vi cÖfve‡K mwÜ¶‡Yi wbKUZg cv_©K¨ (C.D) ejv 

nq| 

 

mwÜ¶‡Yi wbKUZg cv_©K¨ (C.D) wbY©q c×wZt 

mwÜ¶‡Yi wbKUZg cv_©K¨ (C.D) = `yÕwU Ph©vi ga¨Kvi S.  t% fy‡ji h_v_©Zvi gvÎv| 

    ; % h_v_©Zv gvÎv 

 

GLv‡b- 

 

`ywU Ph©vi ga¨Kvi S  =  Var x . x. ji   
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hLb ni = nj = m Ges ni = cÖ_g Ph©vi msL¨v, nj = wØZxq Ph©vi msL¨v 

mwÜ¶‡Yi wbKUZg cv_©K¨, CD   e
 

m
 t% fz‡ji h_v_©Zv gvÎv 

me‡P‡q Kg e¨eavb hy³ 

Ph©vi cÖfve‡K mwÜ¶‡Yi 

wbKUZg cv_©K¨ ejv nq| 
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Abykxjb (Activity) : 5wU wewfbœ evRv‡i cÖwZ †KwR Miæi gvs‡mi `vg wb‡¤œ †`qv n‡jv| 30 

wU †`vKvb ˆ`evwqZ c×wZ †bqv n‡q‡Q| †f`v¼ we‡kølY Kiæb| 

evRvi 

 

A B C D E 

 40 32 42 45 39 

 39 33 41 44 38 

 41 35 42 42 38 

 37 33 40 45 40 

 42 31 41 41 37 

   40  36 

   39   

   41   

   42   

 

mvigg© t †f`vsK we‡kølY n‡jv GK¸”Q Kvi‡Yi Rb¨ m„wóK…Z †f`vsK †_‡K wewfbœ wPwýZ 

Kvi‡Yi Rb¨ m„wóK…Z †f`vsK c„_KxKiY| †f`vsK we‡kølY GK †kªwYK…Z, wØ‡kªwYK…Z, 

wÎ‡kªwYK…Z n‡Z cv‡i| K…wl, RxeweÁvb, mgvRweÁvb BZ¨vw` †¶‡Î M‡elYvi Rb¨ †f`vsK 

we‡køl‡Yi e¨vcK e¨envi nq| K…wl‡¶‡Î bZzb †Kvb K…wlcY¨ Avwe®‹…Z n‡j ev bZzb Pvlvev` 

Avwe®‹…Z n‡j ev bZzb mvi Avwe®‹…Z n‡j G¸‡jvi Kvh©KvwiZv hvPvB Gi Rb¨ †f`vsK we‡kølY 

LyeB cÖ‡qvRb| A_©vr †Kvb wKQyi Zzjbvg~jK cv_©K¨ ev †KvbwUi cÖfve †ewk wbY©‡qi Rb¨ 

†f`vsK we‡kølY `iKvi nq| 
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cv‡VvËi g~j¨vqb 7.1 

mwUK DË‡ii cv‡k wUK wPý () w`b| 

1| †K me©cÖ_g †f`vsK we‡kølY m¤ú‡K© Av‡jvKcvZ K‡ib? 

 K) Yule 

 L) Winner  
 M) R. Fisher 
 N) Cowden 

 

2| wewfbœ Kvi‡Y m„wóK…Z †f`vs‡Ki c„_KxKiY‡K Kx ejv nq? 

 K) we‡f`vsK 

 L) †f`vsK we‡kølY 

 M) Mo we‡f`vsK 

 N) ms‡kølvsK 

 

3| †Kvb cv_©K¨ ev wfbœZv bv _vK‡j †gvU eM© mgwói gvb †Kvb&wU n‡e? 

 K) Amxg 

 L) k~b¨ 

 M) AjxK 

 N) abvZœK 

 

4| †gvU eM© mgwó ej‡Z wb‡¤œi †Kvb& mgxKiYwU‡K eySvq? 

 K) †gvU eM© mgwó = Ph©vi eM© mgwó + µwUi eM© mgwó 

 L) †gvU eM© mgwó  Ph©vi eM© mgwó + µwUi eM© mgwó 

 M) †gvU eM© mgwó  Ph©vi eM© mgwó + µwUi eM© mgwó 

 N) †gvU eM© mgwó = Ph©vi eM© mgwó  
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cvV 7.2 cix¶‡Yi wWRvBb (Experimental Design) 

G cvV †k‡l Avcwb - 

■ cix¶‡Yi GKK, Ph©v, cix¶‡Yi µwU Ges Drcv`b m¤‡̂Ü e¨vL¨v Ki‡Z cvi‡eb| 

■ cix¶‡Yi g~jbxwZmg~n e¨vL¨v Ki‡Z cvi‡eb| 

■ cix¶‡Yi cÖv_wgK cwiKíbv m¤‡̂Ü Rvb‡Z cvi‡eb| 

■ cix¶‡Yi wZbwU †gŠwjK wWRvBb †hgb- (1) m¤ú~Y© ˆ`evwqZ wWRvBb (2) ˆ`evwqZ eøK 

wWRvBb (3) jvwZb eM© wWRvBb m¤‡̂Ü e¨vL¨v Ki‡Z cvi‡eb| 

cix¶‡Yi wWRvBb 

M‡elYvKvix †Kvb cÖ‡kœi DË‡ii Rb¨ †h cix¶v cwiPvjbv K‡ib ZvB cix¶Y| D`vniY¯̂iƒc 

K…wl‡¶‡Î bZzb †Kvb dm‡ji exR Avwe¯‹…Z n‡j ev bZzb Pvlvev` c×wZ Avwe®‹vi n‡j ev bZzb 

mvi cÖ‡qvM Ki‡Z n‡j G¸‡jvi Kvh©KvwiZv hvPvB Kiv cÖ‡qvRb nq Ges hvPvB wfwË‡Z gšÍe¨ 

Kiv nq| hvPvB Kv‡Ri Rb¨ DcvË msMÖn Ges we‡kølY Ki‡Z nq| DcvË msMÖn Kivi Rb¨ †h 

cix¶v c×wZ Ges wWRvBb e¨envi Kiv nq Zv‡KB cix¶‡Yi wWRvBb ejv nq| Aí Li‡P 

AwaK Z_¨ cvIqvi Rb¨B cix¶‡Yi wWRvB‡bi gva¨‡g DcvË msMÖnxZ nq| cix¶‡Yi 

wWRvB‡bi mv‡_ RwoZ wKQz kãvejx e¨envi Ki‡Z nq Ges G¸‡jv m¤ú‡K© Ávb _vKv `iKvi| 

D`vniYmn G¸‡jvi msÁv wb‡¤œ †`qv n‡jv| 

Ph©v (Treatment) 

†Kvb cix¶‡Y †h welqe¯‘i cÖfve cwigvc K‡i Zzjbv Kiv nq Zv‡K Ph©v e‡j| †hgb, †Kvb 

K…wl cix¶‡Y K‡qK cÖKvi M‡gi Rv‡Zi djb m¤ú‡K© gZvg‡Zi Rb¨ M‡gi RvZ¸‡jv‡K Ph©v 

wn‡m‡e we‡ewPZ n‡e| †Kvb mv‡ii wewfbœ ¯Íi wKsev GKvwaK mv‡ii cÖfve cwigvc Ges Zzjbv 

Ki‡Z n‡j mv‡ii wewfbœ ¯Íi wKsev mv‡ii aib Ph©viƒ‡c we‡ewPZ n‡e| Abyiƒcfv‡e †Kvb 

†iv‡Mi wfbœ wfbœ Jl‡ai cÖfve Rvb‡Z n‡j Jla¸‡jv‡K Ph©v a‡i wb‡Z n‡e| 

cix¶‡Yi GKK (Experimental Unit) 

cix¶v KvR cwiPvjbvi Rb¨ Ph©v¸‡jv‡K †h †¶‡Îi Ici cÖ‡qvM Ki‡Z nq H †¶Î¸‡jv‡K 

cix¶‡Yi GKK e‡j| D`vniY¯̂iƒc Mg Pvl cix¶‡Y Rwgi LÛ, Jl‡ai ¸Yv¸Y cix¶‡Yi 

Rb¨ †ivMx, Mevw` cïi Ici cix¶‡Yi Rb¨ cï BZ¨vw` cix¶‡Yi GKK| 

eøK (Block) 

KZ¸‡jv cix¶‡Yi GKK GKB ¸Ym¤úbœ n‡j Zv‡`i‡K GK‡Î eøK e‡j| eø‡Ki AšÍM©Z †h 

As‡k Ph©v cÖ‡qvM Ki‡Z nq Zv‡K cøU e‡j| †hgb K…wl cix¶‡Y GKB De©ivkw³ m¤úbœ G 

AvKv‡ii K‡qK LÛ Rwg‡K eøK e‡j Ges Rwgi LÛ‡K cøU ejv †h‡Z cv‡i| 

Drcv`b (Yield) 

cix¶Y Kvh©̈  m¤úbœ nIqvi ci wewfbœ eø‡Ki wfbœ wfbœ cø‡U ev cix¶‡Yi GK‡Ki Ici Ph©vi 

cÖfv‡e †h djvdj ev cÖwZwµqv nq Zv‡K Drcv`b e‡j| †hgb, Mg Pv‡li cix¶‡Y eø‡Ki cÖwZ 

cø‡U M‡gi djb‡K Drcv`b e‡j| 

†Kvb cix¶‡Y †h welqe ‘̄i 

cÖfve cwigvc K‡i Zzjbv 

Kiv nq Zv‡K Ph©v e‡j| 

 

KZ¸‡jv cix¶‡Yi GKK 

GKB ¸Ym¤úbœ n‡j 

Zv‡`i‡K GK‡Î eøK e‡j| 
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cix¶‡Yi µwU (Expeirmental Error) 

Ph©v Øviv ïaygvÎ cix¶‡Yi djvdj cÖfvweZ nq bv| wewfbœ Awbqwš¿Z Drm ØvivI cix¶‡Yi 

djvdj cÖfvweZ n‡Z cv‡i| Awbqwš¿Z Drm¸‡jvi Kvi‡Y †h µwUi D™¢e nq Zv‡KB cix¶‡Yi 

µwU e‡j| kZ †Póv K‡iI G ai‡bi µwU m¤ú~Y©fv‡e `~i Kiv hvq bv Z‡e G‡`i‡K wKQyUv 

n‡jI wbqwš¿qY Kiv hvq| D`vniY¯̂iƒc †Kvb K…wl cix¶‡Y GKwU mg¸Ym¤úbœ K‡qKwU cøU 

wewkó GKwU eø‡K GKB Rv‡Zi Mg Pvl Ki‡j †`Lv hv‡e Drcv`‡bi cwigvY cÖwZwU cø‡U mgvb 

nqwb| wKQy Awbqwš¿Z Dr‡mi (†hgb- †cvKvgvKo Øviv ¶wZMȪ ’, cvwbi ZviZg¨ BZ¨vw`) 

cÖfv‡eB GiKg n‡q‡Q| cix¶‡Yi µwU hZ Kg n‡e cix¶‡Yi djvdj ZZ h_vh_ n‡e| 

cix¶‡Yi wWRvB‡bi g~jbxwZ (Principles of Experimental Design) 

cix¶‡Yi wWRvBb wZbwU g~jbxwZi Ici wfwË K‡i m¤úbœ Kiv nq| bxwZ¸‡jv n‡jv- 

 ˆ`evwqZKiY (Randomisation) 

 cybivqb (Replication) 

 ¯’vbxq wbqš¿Y (Local Control) 

ˆ`evwqZKiY (Randomisation) 

cix¶‡Yi h_v_©Zv hvPvB Kivi Rb¨ A_©vr cix¶Y hv‡Z K‡i wbi‡c¶ nq †mRb¨B 

ˆ`evwqZKiY Ki‡Z nq| wfbœ wfbœ Ph©v ˆ`e c×wZ‡Z wewfbœ cøU ev cix¶‡Yi GK‡Ki Ici 

cÖ‡qvM Kiv‡K ˆ`evwqZKiY e‡j| G‡¶‡Î msM„nxZ Z_¨vejxq wbi‡c¶Zv I ¯̂vaxbZv eRvq 

_v‡K Ges cwimsL¨vwbK h_v_©Zv hvPvB Kiv hvq| 

cybivqb (Replication) 

cix¶‡Y †Kvb Ph©v‡K G‡Ki AwaKevi cix¶‡Yi GK‡K (cøU) cÖ‡qvM nIqv‡K cybivqb e‡j| 

†Kvb Ph©v‡K hZ GK‡K cÖ‡qvM Kiv n‡e H Ph©vi cyYivq‡bi msL¨v ZZ| cyYivq‡bi gva¨‡g 

Ph©vi mwVK cÖfve wbiƒcY Kiv hvq| 

(3) ¯’vbxq wbqš¿Y (Local Control) 

†Kvb cix¶‡Yi GKUv D‡Ïk¨ _v‡K hv‡Z K‡i µwU Kg nq A_©vr Kxfv‡e µwU wbqš¿Y Kiv 

hvq| ’̄vbxq wbqš¿‡bi gva¨‡g cix¶‡Yi µwU wbqš¿Y K‡i Gi Kvh©KvwiZv Ges h_©v_©Zv e„w× 

K‡i| GRb¨B ’̄vbxq wbqš¿Y‡K A‡bK mgq µwU wbqš¿Y e‡j| µwUi †f`vsK hZ Kg nq 

cix¶‡Yi wWRvBb ZZUv h_vh_ nq| ’̄vbxq wbqš¿Y ej‡Z cix¶‡Yi GKK¸‡jv‡K mg¸Ym¤úbœ 

I mggvwÎK `‡j ev eø‡K fvM Kiv eySvq| G‡¶‡Î cix¶‡Yi Awbqwš¿Z KviY Øviv cix¶vi 

djvdj Lye GKUv cÖfvweZ nq bv KviY µwUi wbqš¿Y Kiv m¤¢e nq| 

cÖv_wgK cix¶v cwiKíbvmg~n 

cix¶‡Yi wWRvB‡bi gva¨‡g †Kvb wKQyi cwimsL¨vwbK we‡kølY Ki‡Z †M‡j cÖv_wgK wKQy 

cwiKíbv ev avc AbymiY Kiv cÖ‡qvRb| cwiKíbv¸‡jv wb‡æ msw¶ß AvKv‡i ewY©Z n‡jv- 

 cix¶‡Yi g~j D‡Ïk¨ Rvbv _vK‡Z n‡e Ges D‡Ïk¨ mywbw`©ó n‡j mgm¨vi mgvavb m¤ú‡K© 

aviYv Kiv mnR nq 

wfbœ wfbœ Ph©v ˆ`e c×wZ‡Z 

wewfbœ cøU ev cix¶‡Yi 

GK‡Ki Ici cÖ‡qvM Kiv‡K 

ˆ`evwqZKiY e‡j| 

Awbqwš¿Z Drm¸‡jvi Kvi‡Y 

†h µwUi D™¢e nq Zv‡KB 

cix¶‡Yi µwU e‡j| 

’̄vbxq wbqš¿Y ej‡Z 

cix¶‡Yi GKK¸‡jv‡K 

mg¸Ym¤ú~bœ I mggvwÎK 

`‡j ev eø‡K fvM Kiv 

eySvq| 
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 cix¶‡Yi gva¨‡g †Kvb wKQyi Kvh©KvwiZv hvPvB Kivi Rb¨ GKwU mywbw`©ó wWRvBb Aby‡gv`b 

K‡i DcvËmg~n msMÖn Ki‡Z n‡e| GKvi‡Y cix¶v cwiPvjbvi Rb¨ cÖv_wgKfv‡e wb¤œwjwLZ 

cwiKíbv¸‡jv we‡ePbv Ki‡Z n‡e 

 bvw¯Í  Kíbv wba©viY 

 Kx Kx Ph©v hvPvBmn Zzjbv Ki‡Z n‡e Zv wVK Kiv 

 cix¶‡Yi GKK¸‡jv Kx n‡e Zv wVK Kiv 

 GKK¸‡jvi g‡a¨ mg¸Ym¤úbœ ev mggvwÎK Ask¸‡jv‡K `‡j ev eø‡K fvM Kiv 

 KZ¸‡jv GKK wb‡q cix¶v KvR Pvjv‡Z n‡e Zv wVK Kiv 

 †Kvb c×wZ‡Z Ph©v¸‡jv wewfbœ GK‡K cÖ‡qvM Ki‡Z n‡e Zv wVK Kiv| mvaviYZ ˆ`evq‡bi 

gva¨‡g Ph©v¸‡jv‡K wewfbœ GK‡K cÖ‡qvM Ki‡Z nq 

 mgqgZ Ges mwVK c×wZ‡Z DcvË ev Z_¨mg~n msMÖn Ki‡Z n‡e 

 DcvËmg~n‡K we‡køl‡Yi Dchy³ cwimsL¨vwbK c×wZ cÖ‡qvM Ki‡Z n‡e 

 DcvËmg~n‡K we‡kølY K‡i mwVK gšÍe¨ Ki‡Z n‡e| 

 

mvigg©t cix¶‡Yi GKK, Ph©v, cix¶‡Yi wU cix¶‡Yi g~jbxwZ, eøK, Drcv`b BZ¨vw` c`vejx 

kã¸‡jv cix¶‡Yi wWRvBb we‡køl‡Y e¨eüZ nq| DcvË msMÖn Kivi Rb¨ †h cix¶v c×wZ 

Ges wWRvBb e¨envi Kiv nq Zv‡KB cix¶‡Yi wWRvBb ejv nq| cix¶v KvR cwiPvjbvi Rb¨ 

Ph©v¸‡jv‡K †h †¶‡Îi Ici cÖ‡qvM Ki‡Z nq H †¶Î¸‡jv‡K cix¶‡Yi GKK e‡j| KZ¸‡jv 

cix¶‡Yi GKK GKB ¸Ym¤úbœ n‡j Zv‡`i‡K GK‡Î eøK e‡j| eø‡Ki AšÍM©Z †h As‡k Ph©v 

cÖ‡qvM Ki‡Z nq Zv‡K cøU e‡j| cix¶Y Kvh©̈  m¤úbœ nIqvi ci wewfbœ eø‡Ki wfbœ wfbœ cø‡U ev 

cix¶‡Yi GK‡Ki Ici Ph©vi cÖfv‡e †h djvdj ev cÖwZwµqv nq Zv‡K Drcv`b e‡j| 
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cv‡VvËi g~j¨vqb 7.2 

 

mwUK DË‡ii cv‡k wUK wPý () w`b| 

1| †Kvb cix¶‡Yi †h welq e¯‘i cÖfve Zzjbv Kiv nq Zv‡K Kx e‡j? 

 K) Mo 

 L) we‡f`vsK 

 M) Ph©v 

 N) cix¶‡Yi µwU 

 

2| KZ¸‡jv cix¶‡Yi GKK GKB ¸Y m¤úbœ n‡j Zv‡K Kx ejv nq? 

 K) bgybv 

 L) eøK 

 M) Ph©v 

 N) cix¶‡Yi µwU 

 

3| cix¶‡Yi g~jbxwZ KqwU? 

 K) 3wU 

 L) 4wU 

 M) 5wU 

 N) 6wU 
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cvV 7.3 m¤ú~Y© ˆ`evwqZ wWRvBb  

(Completely randomised design) 

G cvV †k‡l Avcwb - 

 m¤ú~Y© ˆ`evwqZ wWRvBb e¨vL¨v Ki‡Z cvi‡eb| 

 m¤ú~Y© ˆ`evwqZ wWRvBb Gi myweav Ges Amyweav m¤ú~‡K© ej‡Z I wjL‡Z cvi‡eb| 

 m¤ú~Y© ˆ`evwqZ bK&kv †_‡K cÖvß DcvËmg~n we‡kølY K‡i Ph©v¸‡jv hvPvB Ges Zzjbv Ki‡Z 

cvi‡eb| 

m¤ú~Y© ˆ`evwqZ wWRvBb 

G wWRvBb cwimsL¨v‡b e¨eüZ †h †Kvb wWRvB‡bi PvB‡Z mnR Ges mij| GLv‡b cix¶‡Yi  

wWRvB‡bi ïaygvÎ ˆ`evqb I cybivqb bxwZ AbymiY Kiv nq| m¤ú~Y© ˆ`evwqZ wWRvB‡b 

cix¶‡Yi GKK¸‡jv mg¸bm¤úbœ Ges mggvwÎK| Ph©vi msL¨v Ges G¸‡jv cyYivq‡bi Ici 

wbf©i K‡i cix¶‡Yi GK‡Ki msL¨v wba©viY Kiv nq| cix¶‡Yi GK‡K Ph©v¸‡jv‡K m¤ú~Y© 

ˆ`evwqZ c×wZ‡Z cyYivq‡bi gva¨‡g cÖ‡qvM K‡i †h wWRvB‡bi D™¢e nq Zv‡K m¤ú~Y© ˆ`evwqZ 

wWRvBb ejv nq| G wWRvB‡b Ph©v¸‡jv mgvb msL¨Kevi cybivqb n‡ZI cv‡i Avevi bvI n‡Z 

cv‡i| 

D`vniY¯̂iƒc GKB ai‡bi K‡qK LÛ Rwg‡Z K‡qK Rv‡Zi Bwi av‡bi Dc‡hvwMZv hvPvB Ki‡Z 

n‡j cÖ_‡g Rwg LÛ¸‡jv‡K GKK a‡i Gi Ici K‡qK Rv‡Zi Bwi avb ˆ`evwqZfv‡e ecY 

Ki‡j †h bK&kv cvIqv hv‡e †mUvB m¤ú~Y© ˆ`evwqZ wWRvBb| GLv‡b cix¶‡Yi GKK n‡jv 

Rwgi LÛ ev cøU, Ph©v n‡jv K‡qK Rv‡Zi Bwi avb| 

g‡b Kwi, cuvPwU Ph©v (X1, X2, X3, X4, X5) (Treatment) h_vµ‡g 5 evi, 4evi, 3 evi, 5 

evi Ges 3 evi cybivqb Kiv hvq| G‡¶‡Î mg¸Ym¤úbœ Ges mggvwÎK 20wU cøU `iKvi Ges 

G cøU¸‡jv‡K 1, 2, 3, ......... 20 b¤̂i Øviv wPwýZ K‡i wdkvi I B‡q‡Ui ˆ`e b¤̂i mviwY 

e¨envi K‡i Ph©v¸‡jv‡K ˆ`eµ‡g wewfbœ cø‡U cÖ‡qvM Ki‡Z n‡e| G Ae¯’vq aiv hvK m¤ú~Y© 

ˆ`evwqZ wWRvB‡bi gvV bK&kv wb¤œiƒct 

1 
X5 

2 
X1 

3 
X4 

4 
X3 

5 
X2 

6 
X4 

7 
X2 

8 
X5 

9 
X1 

10 
X4 

11 
X1 

12 
X3 

13 
X1 

14 
X2 

15 
X4 

16 
X5 

17 
X4 

18 
X2 

19 
X3 

20 
X1 

g‡b Kwi, 5wU Ph©v cuvP Rv‡Zi Mg Ges G‡`i dj‡bi g‡a¨ †Kvb cv_©K¨ Av‡Q wKbv A_ev †Kvb 

Rv‡Zi Mg †ewk djbkxj GUv hvPvB Ki‡Z n‡e| G¶‡Î m¤ú~Y© ˆ`evwqZ wWRvB‡bi gvV bK&kv 

ˆZwi Kivi ci wewfbœ Rv‡Zi Mg ecY Ki‡Z n‡e Ges h_vh_ cwiPh©v Ki‡Z n‡e| Mg cvK‡j 
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cÖwZ cø‡Ui M‡gi Drcv`b bw_fy³ K‡i wewfbœRvZ Abyhvqx wb‡¤œi mviwY‡Z cÖKvk Kiv †h‡Z 

cv‡i| 

M‡gi Drcv`b (†KwR/cøU) 

X1 X2 X3 X4 X5 

X11 X21 X31 X41 X51 

X12 X22 X32 X42 X52 

X13 X23 X33 X43 X53 

X14 X24 X34 X44 X54 

X15 X25 X35 X45 X55 

GLv‡b Xij n‡jv I Zg Ph©vi j Zg cyYivq‡b Drcv`b| GLv‡b †h‡nZz cøU¸‡jv mggvwÎK 

†m‡nZz M‡gi Drcv`‡bi Ici cø‡Ui †Kvb cÖfve †bB| M‡gi Rv‡Zi wewfbœZvi Kvi‡Y wewfbœ 

cø‡U G‡`i Drcv`bI wewfbœ n‡e| myZivs G ai‡bi DcvËmg~n‡K GK †kªwYK…Z ejv hvq| 

we‡kølY (Analysis) t m¤ú~Y© ˆ`evwqZ wWRvBb †_‡K cÖvß DcvË‡K Avgiv wb¤œwjwLZ g‡W‡ji 

mvnv‡h¨ cÖKvk Ki‡Z cvwi| 

 Xij =  + i + ij ( i = 1, 2, ............ t, j = 1, 2, .............. n) 

GLv‡b Xij n‡jv i Zg Ph©vi j Zg cyYivq‡b gvb 

  n‡jv mvaviY Mo 

 i n‡jv i Zg Ph©vi cÖfve 

 ij n‡jv ˆ`e µwU| 

C~e©vbygvb (Assumption) 

 ˆ`e µwU¸‡jv cwiwgZ web¨vm AbymiY K‡i| 

 avb¸‡jv ci¯ú‡ii g‡a¨ ¯v̂axb| 

 cÖfve¸‡jv †hvMm~Î †g‡b P‡j| 

b~b¨Zg eM© c×wZi (least square method) Gi mvnv‡h¨  Ges i Gi cÖv°wjZ gvb wbY©q 

Ki‡Z n‡e| Ges G‡¶‡Î µwUi (wePz¨wZi) eM© mgwó n‡jv 

S Xij ij i
jiji

     ( )   = b~b¨Zg 
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AZGe 




 
S

X
i

ij i
ji

    ( )  

A_ev,    X N nij i i  ................................. ( ) 

 




  
S

X
i

ij i
i

    ( )  

ev, X N ni
i

i i i. ................................. ( )       

GLv‡b  N= n X Xi
i

i
i

    Ge s X ij ..  

mgxKiY (1) Ges (2) †_‡K  Ges i Gi cÖv°wjZ gvb cvIqvi Rb¨ i =0 kZ©wU a‡i 

wb‡Z n‡e| 

myZivs mgxKiY (1) †_‡K cvB 

 ..
.. 


 

X ij

N
X
N

X  

mgxKiY (2) †_‡K cvB 

 


.

.. .. i     
X
n

X X Xi

i
i  

GLv‡b  

  Ges 

i  n‡jv  Ges i Gi cÖv°wjZ gvb Ges cÖv°wjZ gvbØq ci¯úi ¯̂vaxb| 

me©‡gvU eM© mgwó‡K Avgiv wb¤œwjwLZ Dcv‡q fvM Ki‡Z cvwi| 

      

  





( ..) ( .) ( . .. )

( .) ( . ..)

X X X X X X

X X n X X

ij ij i i
ji

ij i i
j

i
ji







                        =
 

†h‡nZz   n X Xi i( . ..) 0  myZivs ¸Yd‡ji mgwó c‡`i gvb k~b¨| 

AZGe †gvU eM© mgwó = Ph©vRwbZ eM© mgwó + wePz¨wZi eM© mgwó| 

GLb †gvU eM© mgwó =  ( ..)X Xij

 

 SST = X
X

Nij
ij

ji














  

Ph©vRwbZ eM© mgwó =  n X Xi i( . .. )  
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 SSTr = 

X
n

X
N

i

i

ij

i

. ( ) 




  

wePz¨wZi eM© mgwó = me©‡gvU eM© mgwó - Ph©vRwbZ eM© mgwó 

i.e.  SSE = SST - SSTr 

we‡køl‡Yi g~j D‡Ïk¨ n‡jv, bvw¯Í  Kíbv 

H0 : 1= 2 .................. = t hvPvB Kiv A_©vr mKj Ph©vi cÖfve mgvb wK bv Zv cix¶v 

Kiv| 

wb‡æ †f`vsK we‡klY mviwY †`qv n‡jv †hLvb †_‡K DcwiD³ bvw¯Í Kíbv hvPvB Kiv hv‡e| 

†f`vsK we‡kølY mviwY 

†f`vs‡Ki Drm ¯v̂axbZvi gvÎv eM©mgwó Mo eM© mgwó F 

Ph©v t - 1 SSTr MSTr MSTr 

wePz¨wZ N - t SSE MSE MSE 

†gvU N-1 SST   

 

DcwiD³ †f`vsK we‡kølY mviwY †_‡K DwjøwLZ bvw¯Í Kíbv hvPvB‡qi Rb¨  

F
MST
MSE

r  wbY©q Ki‡ev| 

hw` wbY©q F Gi gvb (t-1) I (N-t) ¯̂vaxbZv gvÎvq Ges h_v_©Zv gvÎvi (= 0.05 ev, 

=0.01) F Gi mviwY †_‡K cÖvß gv‡bi †P‡q †QvU nq Zv‡e bvw¯Í Kíbv MÖnY‡hvM¨ n‡e| 

Ab¨_vq evwZj n‡q hv‡e| 

A_©vr hw` F
MST
MSE

F t Nr
I

    ( ), ( ) nq Z‡e bvw Í̄ Kíbv evwZj n‡q hv‡e| 

G‡¶‡Î g‡b Ki‡Z n‡e Kgc‡¶ †h †Kvb `ywU Ph©vi g‡a¨ AmgZv Av‡Q| 

g‡bKwi, i Zg Ph©v Ges i Zg Ph©vi M‡oi mgZv hvPvB Ki‡Z n‡e| G¶‡Î bvw¯Í Kíbv 

H0 : i = i  i  i = 1, 2, ............ t 

HA = i  i 

t - Zg gvb A_ev eû Zzjbvi gva¨‡g G bvw¯Í Kíbv hvPvB Kiv hvq 
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t

MSE
n n

i i

i i

















 

1 1
 hv (N - t) ¯̂vaxbZvi gvÎv wewkó t PjK| 

GLv‡b  i  I  i  Ges Ni I Ni h_vµ‡g i Zg I i Zg Ph©vi Mo Ges cybivqb msL¨v  

D`vniY 1 

evsjv‡`k avb M‡elYv BbwówUDU KZ…©K cwiPvwjZ GKwU M‡elYvq 5 ai‡bi av‡bi (Avkv (A), 

wecøe (B), Pvw›`bv (C), gy³v (D) Ges BwiUg(E) g‡a¨ †Kvb&wUi Drcv`b ¶gZv †ewk hvPvB 

Kivi Rb¨ m¤ú~Y© ˆ`evwqZ wWRvBb (C.R.D) e¨envi K‡i †h dj cvIqv †Mj Zv wb‡¤œ †`qv 

n‡jv| avb¸‡jvi cÖfv‡ii cv_©K¨ Zvrch©̈ c~Y© wK bv hvPvB Kiæb| 

 

mviwY 

av‡bi aib 

av‡bi Drcv`‡bi dj (kg) 

A 12 13 11 09 14 

B 10 09 12 08 11 

C 15 14 14 13 15 

D 11 12 10 09 10 

E 20 18 19 20 21 

 

mgvavb 

m¤ú~Y© ˆ`evwqZ wWRvB‡bi MvwYwZK g‡Wj †_‡K Avgiv cvB, 

Xij =  + i + ij ; i = 1, 2 ............. 5 
   j = 1, 2 ............. 5 
GLv‡b, 

    = mvaviY Mo 

 i  = av‡bi cÖfve 

 ij  = ˆ`e µwU 

 

c~e©vbygvb (Assumption)  

 Z_¨¸‡jv ci¯úi ¯̂vaxb 

 ˆ`e µwU cwiwgZ web¨vm Abymv‡i K‡i 

 cÖfve¸‡jv †hvMm~Î †g‡b P‡j| 

MYbv c×wZ 

wewfbœ ai‡bi avb 1 2 3 4 5 ‡gvU 

A 12 13 11 09 14 X1.

 = 59 
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B 10 09 12 08 11 X2. = 50 

C 15 14 14 13 15 X3.

 = 71 

D 11 12 10 09 10 X4.

= 52 

E 20 18 19 20 21 X5. = 98 

‡gvU      X.. = 330 

 

†gvU eM© mgwó = X
X

Nij

ij
ji

ji






















 1

5

1

5

55



 

GLv‡b, X ij
ji 












1

5

1

5


= 10

2

 + 13

2

 + 11

2

 + .................+ 20

2

 + 18

2

 + 19

2

 + 20

2

 + 21

2

 

 = 4704 

 X ij
ji 


1

5

1

5

 = 10 + 13 + 11 + ............. 20 + 21 

  = 330 

 N = 25 

†gvU eM© mgwó = 4704 - 

(3 3 0 )

2 5

2

 

  = 4704 - 4356 = 348 

wewfbœ av‡bi Kvi‡Y eM© mgwó =

X
n

i

i

j=

i=












 
X

N

ij
i 1

5

1

5
2

1

5

 

 


   



 

  

5 9 5 0 7 1 5 2 98

5

(3 3 0 )

2 5
2 3 3 3 0

5
4 3 5 6

4 666 43 5 6 3 1 0

2 2 2 2 2 2

 

 

wePz¨wZ eM© mgwó  = †gvU eM© mgwó - wewfbœ av‡bi Kvi‡Y eM© mgwó 

 = 348 - 310 

 = 38 

 

Abygvb (Hypothesis)  
H0 t av‡bi cÖfv‡ei cv_©K¨ Zvrch©c~Y© bq 

Ha t av‡bi cÖfv‡ei cv_©K¨ Zvrch©c~Y© 

†f`v¼ we‡kølY mviwY 

†f`v‡¼i Drm ¯v̂axbZvi gvÎv 

(df) 
eM© mgwó Mo eM© mgwó 

wb‡Y©q F 

†Uwe‡ji 

F.05 
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wewfbœ ai‡bi avb 5 - 1 = 4 310 MST 



3 1 0

4
        7 7 .5

 

F 
7 7 .5

1 . 9
        

 

= 40.79 

2.87 

wePz¨wZ 25 - 5 = 20 38 MSE 



3 8

2 0
        1 .9

 

   

†gvU 25 - 1 = 24 348    

 

gšÍe¨: mviwY n‡Z †`L‡Z cvB wb‡Y©q F = 40.79| 4 I 24 ¯v̂axb gvÎvq I 5% h_v_©Zv 

gvÎvq F Gi gvb F = 2.87| AZGe wb‡Y©q gvb †Uwej n‡Z cÖvß F Gi gv‡bi †P‡q A‡bK eo 

Kv‡RB bvw Í̄Kíbv evwZj| A_©vr wewfbœ av‡bi cv_©K¨ Zvrch©c~Y©| me©‡k‡l ej‡Z cvwi| Avkv, 

Pvw›`bv, wecøe, gy³v Ges BwiUg- 24 av‡bi Drcv`b ¶gZvi cÖfve wewfbœ iKg| 

D`vniY 2 

GKwU m¤ú~Y© ˆ`evwqZ wWRvB‡bi cix¶‡Yi 20wU gyiMxi ev”Pv‡K Pvi ai‡bi Lv`¨ A, B, C 

Ges D cÖ̀ v‡bi wm×všÍ  †bqv n‡jv Ges cÖ‡Z¨K ai‡bi Lv`¨ 5wU gyiMxi ev”Pv‡K ˆ`evwqZfv‡e 

†`qv n‡jv| 

 †f`v¼ we‡kølY Kiæb 

 Lv‡`¨i cÖfve Zvrch©c~Y© wK bv hvPvB Kiæb 

 Lv‡`¨i cÖfve Zvrch©c~Y© n‡j †Kvb Lv`¨Ø‡qi Rb¨ cÖfve b~b¨Zg Zvnv wbY©q Kiæb| 

wewfbœ Lv`¨ cÖ̀ v‡bi ci gyMxi ev”Pvi IRb Lv‡`¨i wecix‡Z Z_¨¸‡jv †`qv n‡jvt 

gyiMx 

Lv`¨ 

1 2 3 4 5 

A: 55 49 42 21 52 

B: 61 112 30 89 63 

C: 42 97 81 95 92 

D: 169 137 169 85 154 

 

mgvavb 

m¤ú~Y© ˆ`evwqZ wWRvB‡bi MvwYwZK g‡Wj †_‡K Avgiv cvB- 

Xij =  + i + ij ; i = 1,2,3,4 j = 1,2,3,4,5 

 = mvaviY Mo 

i = Lv‡`¨i cÖfve 

ij = ˆ`e wePz¨wZ 

c e©vbygvb (Assumption) 

 ˆ`e µwU cwiwgZ web¨vm AbymiY K‡i 

 Lv`¨¸‡jv ci¯ú‡ii g‡a¨ ¯̂vaxb 

 cÖfve¸‡jv †hvMm~Î wewa g‡b P‡j 

MYbv c×wZ 

 

gyiMx 

1 2 3 4 5 †gvU 
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Lv`¨ 

A: 55 49 42 21 52 X10= 219 

B: 61 112 30 89 63 X20= 355 
C: 42 97 81 95 92 X30= 407 

D: 169 137 169 85 154 X40= 714 
      X50= 

1695 
 

GLb †gvU eM© mgwó  = X
X

N
=ij

ji

ij
ji



































;    N  

  = 552+492+ ..................... +852+1542 - 
( )





 

  = 181445 - 



 

  = 181445 - 143651.25 = 37793.75 

 

Lv‡`¨i Kvi‡Y eM© mgwó = 

X X
ij

i
ij

ji
















 
 
 













 

  


 










   

. .
.

 

 

wePz¨wZ eM© mgwó  = †gvU eM© mgwó - Lv‡`¨i Rb¨ eM© mgwó 

  = 37793.75 - 26234.95 

  =11558.80 
 

Abygvb (Hypothesis) 

H0 : Lv‡`¨i cÖfv‡e cv_©K¨ Zvrch©c~Y© bq 

HA : Lv‡`¨i cÖfv‡e cv_©K¨ Zvrch©c~Y© 

†f`vsK we‡kølY wb‡Pi mviwY‡Z cÖKvk Kiv n‡jv- 

†f`v¼ we‡kølY mviwY 



Z_¨m~Î 

¯‹zj Af& GwMÖKvjPvi GÛ iæi¨vj wW‡fjc&‡g›U 164

†f`v‡¼i 

Drm 

¯v̂axb gvÎv eM© mgwó Mo eM© mgwó 

wb‡Y©q F mviwY F 

Lv`¨ 4-1= 3 26234.95 MS
Lv`¨

 = 8744.98 F
Lv`¨

= 


.
.

 F.05;3,16=3.6
0 

wePz¨wZ 20-4=16 11558.80 MSE = 722.42 = 12.105  

 20-1=19 37793.75    

GšÍe¨t Dc‡ii †f`v¼ we‡kølY mviwY n‡Z cvB wb‡Y©q F
Lv`¨

= 12.105| 5% h_v_©Zv gvÎvq 3 

Ges 16 ¯v̂axbZvi gvÎvq mviwY F Gi gvb 3.60 hvnv wb‡Y©q F Gi gv‡bi †P‡q †QvU A_©vr 

Lv‡`¨i cÖfve Zvrch©̈ c~Y©| 

B~b¨Zg cÖfve cv_©K¨ wbY©q t †h‡nZz Lv‡`¨i cÖeve Zvrch©c~Y© ZvB GLb Avgiv †`L‡ev †Kvb 

Lv`¨Ø‡qi Rb¨ Lv`¨ cªfve Zvrch©c~Y© Ges me †P‡q Kg Zvrch©c~Y© Lv`¨Øq cÖfve †KvbwU| 

`yB Lv‡`¨i g‡a¨ cv_©K¨ S.E = e MSE( )


n n
  

   = 7 2 2 .4 2 



 

   = 16.999 

mwÜ¶‡Yi wbKUZg cv_©K¨ = S.E  t.05,5 
   = 16.999 2.12 

 C.D = 36.038 

gv‡bi µg Abymv‡i wewfbœ Lv`¨i Mo cÖfve wb‡¤œ †`qv n‡jv- 

Lv`¨ Mo IRb Mo cv_©K¨ C.D 

D 142.8 61.4  

C 81.4 10.4 36.38 
B 71.0 27.2  

A 43.8   
 

C.D Gi mv‡_ Zzjbv Ki‡j †`Lv hvq D cÖKvi Lv‡`¨i cÖfve Ab¨vb¨ cÖKvi Lv‡`¨i †P‡q †ewk 

Zvrch©c~Y© Ges me‡P‡q b~b¨Zg cÖfvehy³ Lv`¨ n‡jv C | 
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Abykxjb (Activity) : evsjv‡`k K…wl wek¦we`¨vj‡qi gvrm¨ weÁvb Abyl‡`i GKwU cix¶vMv‡i 

wewfbœ A¨vKzwiqv‡g _vB micyuwU (ivRcuywU) gv‡Qi Ici Lv`¨ cÖ‡qv‡Mi d‡j gv‡Qi †h e„w× 

n‡qwQj Zvi DcvË wb‡¤œ †`qv n‡jv|  

 †f`vsK we‡kølY mviwY wbY©q Kiæb Ges  

 Lv‡`¨i cÖfve hyw³hy³ wK bv wbY©q Kiæb| 

A¨vKzwiqvg 

Lv`¨ 

1 2 3 4 5 6 7 

F1 0.47 0.49 0.49 0.49 0.50 0.50 0.50 
F2 4.80 4.28 4.00 3.65 4.76 4.70 3.63 
F3 8.33 8.80 8.51 8.61 8.27 8.20 8.13 

m¤ú~Y© ˆ`evwqZ wWRvB‡bi myweav 

 cix¶vMv‡i cix¶v cwiPvjbv K‡i wewfbœ Ph©vi Kvh©KvwiZv hvPvB Gi Rb¨ G ai‡bi 

wWRvBb LyeB Dc‡hvMx| 

 cix¶‡Yi GKK¸‡jv mggvwÎK Ges mg¸Ym¤úbœ nIqvq G wWRvBb Ph©vi msL¨v ev 

cybivq‡bi msL¨vi †Kvb mxgve×Zv †bB| 

 G wWRvB‡b cÖ‡Z¨K Ph©vi cybivq‡bi msL¨v mgvb ev AmgvbI n‡Z cv‡i| 

 †h‡nZz G wWRvB‡b cix¶‡Yi GKK¸‡jv mggvwÎK myZivs †Kvb gvb jyß n‡j 

DcvËwe‡køl‡Y †Kvb Amyweav nq bv| 

 G wWRvBb †_‡K cÖvß DcvË we‡kølY me‡P‡q mnR| ïaygvÎ Ph©vi eM© mgwó Ges wePz¨wZi 

eM© mgwó †ei K‡iB Ph©vi mgZv hvPvB Kiv hvq| 

M¤ú~Y© ˆ`evwqZ wWRvB‡bi Amyweav 

 ev¯Íe‡¶‡Î †Kvb gvV cix¶Y cwiPvjbvq mg¸Ym¤úbœ Ges mggvwÎK cix¶‡Yi GKK 

cvIqv `y®‹i Ges G‡¶‡Î wePz¨wZ ev µwU †ewk nIqvq G wWRvB‡bi `¶Zv Kg| 

 cix¶‡Yi wWRvB‡bi ’̄vbxq wbqš¿Y c×wZ G wWRvB‡b e¨envi nq bv e‡j wePz¨wZi eM© 

mgwó A‡c¶vK…Z eo nq| 

 G wWRvB‡b Ph©v msL¨v †ewk n‡j †m Abycv‡Z mggvwÎK cix¶‡Yi GKK cvIqv KwVb 

n‡q c‡o| 

mvigg©t m¤ú~Y© ˆ`evwqZ wWRvB‡b cix¶‡Yi GKK¸‡jv mg¸Ym¤úbœ Ges mggvwÎK, cix¶‡Yi 

GKK¸‡jv‡K m¤ú~Y© ˆ`evwqZ c×wZ‡Z cybivq‡bi gva¨‡g cÖ‡qvM K‡i †h wWRvB‡bi D™¢e nq 

Zv‡K m¤ú~Y© ˆ`evwqZ wWRvBb e‡j| 

 

 

 

 

M¤ú~Y© ˆ`evwqZ wWRvB‡bi 

myweav n‡jv G wWRvB‡b 

cÖ‡Z¨K Ph©vi cybivq‡bi 

msL¨v mgvb ev AmgvbI 

n‡Z cv‡i| 
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cv‡VvËi g~j¨vqb 7.3 

mwVK DË‡ii cv‡k wUK wPý () w`b| 

1| m¤ú~Y© ˆ`evwqZ wWRvBb AbymiY K‡i wb‡Pi †Kvb&wU? 

 K) cybivqb bxwZ 

 L) ‰`evwqZ bxwZ 

 M) cybivqb I ˆ`evwqZ bxwZ 

 N) ¯’vbxq wbqš¿Y 

 

2| cix¶‡Yi GKK¸‡jv mggvwÎK Ges mg¸Y m¤úbœ n‡j †Kvb& wWRvBb Kiv nq? 

 K) C.R.D 

 L) R.B.D 

 M) L.S.D 

 N) Factorial Design 

 

3| m¤ú~Y© ˆ`evwqZ wWRvB‡bi †¶‡Î †Kvb&wU mwVK? 

 K) cybivqb mgvbmsL¨K n‡e 

 L) cybivqb mgvbmsL¨K bvI n‡Z cv‡i 

 M) cybivqb n‡eB bv 

 N) cybivqb Ges ˆ`e Pqb GK‡Î n‡e 
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cvV 7.4  ˆ`evwqZ eøK wWRvBb  

(Randomised Block Design) 

G cvV †k‡l Avcwb - 

■ ˆ`evwqZ eøK wWRvBb m¤ú‡K© eY©bv Ki‡Z cvi‡eb| 

■ ˆ`evwqZ eøK wWRvB‡bi myweav Ges Amyweav m¤‡̂Ü ej‡Z cvi‡eb| 

■ ˆ`evwqZ eøK wWRvBb †_‡K cÖvß DcvËmg n we‡kølY Ki‡Z cvi‡eb| 

ˆ`evwqZ eK wWRvBb 

Avgiv e‡jwQ ev¯Íe‡¶‡Î memgq mggvwÎK Ges mg¸Ym¤úbœ cix¶‡Yi GKK cvIqv hvq bv 

Ges †m‡¶‡Î m¤ú~Y© ˆ`evwqZ wWRv‡bi gva¨‡g Ph©vi cÖfv‡ei mgZv hvPvB Kiv hvq bv| Z‡e 

m¤ú~Y© GKK mg¸Ym¤úbœ bv n‡jI mg¸Ym¤úbœ K‡qKwU GKK wb‡q GKwU eøK n‡Z cv‡i| 

eø‡Ki AšÍM©Z GKK (cøU) mg~‡n ˆ`evwqZfv‡e Ph©v cÖ‡qvM K‡i †h wWRvBb cvIqv hvq Zv‡K 

ˆ`evwqZ eøK wWRvBb e‡j| G wWRvB‡b cÖwZwU eø‡K Ph©vi mgvb msL¨K cøU _v‡K Ges cÖwZwU 

Ph©vi cybivqb msL¨v eø‡Ki msL¨vi mgvb| G wWRvB‡b cix¶‡Yi wZbwU bxwZ †hgb ˆ`evqb, 

cybivqb Ges ¯’vbxq wbqš¿Y AbymiY K‡i| 

D`vniY¯̂iƒc aiv hvK, Avgv‡`i nv‡Z 5 Rv‡Zi Mg Av‡Q Ges G‡`i Drcv`‡bi mgZv hvPvB 

Ki‡Z PvB| 5 Rv‡Zi Mg Pv‡li Rb¨ Rwgi LÛ (cøU) wba©viY Kiv n‡jv| wKš‘ †`Lv †Mj Rwgi 

cøU¸‡jv mgf‚wg ev mg¸Ym¤úbœ bq ev DuPz wbPz Ae¯’v‡b Aew¯’Z| GLv‡b Ph©v n‡jv M‡gi RvZ| 

Ph©v¸‡jv‡K g‡bKwi 4 evi cybivqb K‡i cix¶v Ki‡Z n‡e| myZivs 4 Uv eøK ˆZwi Ki‡Z n‡e 

Ges cÖwZwU eø‡K 5wU K‡i mg¸Ym¤úbœ Ges mggvwÎK cøU _vK‡e| Ph©v¸‡jv‡K (5 wU Ph©v) 

ˆ`evwqZfv‡e cø‡U cÖ‡qvM Ki‡Z n‡e| cÖwZwU eø‡K wfbœ wfbœfv‡e ˆ`evwqZ c×wZ‡Z Ph©v¸‡jv‡K 

cÖ‡qvM Ki‡j †h wWRvB‡bi D™¢e nq Zv‡KB ˆ`evwqZ eøK wWRvBb ejv nq| cix¶Y KvR mgvav 

K‡i DcvËmg n‡K wb‡¤œi mviwYi gva¨‡g cÖKvk Kiv hvq †hLv‡b GKw`‡K _v‡K eøK Avi 

GKw`‡K _v‡K Ph©v| GLv‡b Ph©v Ges eø‡Ki cÖfv‡ei Kvi‡Y DcvËmg~‡ni g‡a¨ e¨eavb _v‡K 

myZivs G ai‡bi wWRvBb †_‡K cÖvß DcvË‡K wØ‡kªwYK…Z DcvË e‡j| 

Ph©v 

 
Block 

X1 X2 X3 X4 X5 

Block 1 X11 X21 X31 X41 X51 

Block 2 X12 X22 X32 X42 X52 

Block 3 X13 X23 X33 X43 X53 

Block 4 X14 X24 X34 X44 X54 

 

eø‡Ki AšÍM©Z GKKmg~‡n 

ˆ`evwqZfv‡e Ph©v cÖ‡qvM 

K‡i †h wWRvBb cvIqv hvq 

Zv‡K ˆ`evwqZ eøK wWRvBb 

e‡j| 
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DcvËmg~‡ni †f`vsK we‡kølY t g‡bKwi GKwU ˆ`evwqZ eøK wWRvB‡b Ph©vi msL¨v t Ges eø‡Ki 

msL¨v b, DcvËmg~n‡K eY©bv Kivi Rb¨ g‡Wj n‡e- 

Xij =  + i + j + ij 

(i = 1, 2, .................... t, j = 1, 2, ............. b) 

†hLv‡b 

Xij n‡jv i Zg Ph©vi j Zg eø‡K Drcv`b| 

 n‡jv mvaviY Mo 

i n‡jv i Zg Ph©vi cÖfve 

j  n‡jv j Zg eø‡Ki cÖfve 

ij n‡jv ˆ`e µwU ev wePz¨wZ 

DcwiD³ g‡WjwU we‡køl‡Yi Rb¨ Abygvb n‡jv eij wbi‡c¶fv‡e cwiwgZ web¨vm AbymiY K‡i 

hvi Mo k~b¨ I mvaviY †f`vsK 2

 Ges kZ© n‡jv i = 0 I j = 0. 

b~b¨Zg eM©c×wZi mvnv‡h¨ , i Ges j Gi cÖv°wjZ gvb wbY©q Ki‡Z wePz¨wZi eM© mgwó 

n‡jv 

S Xij ij
j

i j
i

       ( )    

Gev‡i 










s s s
  0 0 0, ,   

i ji

AbymiY K‡i wb‡¤œi wZbwU mgxKiY cvIqv hv‡e 

     

   

  





X N b t

X t t t

X b b

ij i j

ij i j
jj

ij i j
j

  

  

  

 

g‡bKwi,     X X X Xij i
j

j
j

.. . .  

GLv‡b, X X X Xij i ij j
j

  . . ,  
i

 

 X
X
N

X
b

j
X
ti

i ij..
..

; .
.
, .     N = bt,  X   X  

DcwiD³ wZbwU cwiwgZ mgxKiY †_‡K , i  Gi j Gi cÖv°wjZ gvb n‡e 
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 ..,  ..,  . ...  X i    j   X X X Xi j  

G cÖv°wjZ gvb¸‡jv ci¯úi ¯v̂axb| 

GLb eM© mgwó‡K wb¤œwjwLZfv‡e fvM Ki‡Z cvwi| 

 ( ..) ( . .. ) ( . .. ) ( . . .. )

( . .. ) ( . .. ) ( . . .. )

X X X X X X X X X X

b X X t X X X X X X

ij
ji

i j ij i j
ji

i
i j

j
ij i j

 
 

        

        




  

 

Ab¨vb¨ c`¸‡jv k~b¨ n‡e KviY ( ..) ( . .. ).X X X Xi j
i

        ;     

AZGe †gvU eM© mgwó wZbwU eM© mgwó‡Z wef³ n‡jv| 

A_©vr 

†gvU eM© mgwó = Ph©vRwbZ eM© mgwó + eKRwbZ eM© mgwó + wePz¨wZi eM© mgwó| 

GLb cÖ‡Z¨KwU eM© mgwói gvb wbY©‡qi Rb¨ wbæwjwLZfv‡e cÖKvk Ki‡Z cvwi| 

†gvU eM© mgwó =    


( ..)
( )

X X X
X

N
SSTij ij

ji

ij 


 

Ph©v eM© mgwó = 

 
b X X

X

b

X

N
SSTi

i
i ij

r    
 

( . .. )
.

2

2 2

 

eøKRwbZ eM© mgwó = t X X
X
t

X
N

SSBj
j ij

  





( . .. )
. ( )



 

 

µwURwbZ eM© mgwó = (SST - SSTr - SSB) = SSE 

bvw¯Í Kíbv n‡jv 

1. H0 : i = 2 = ................... = t  

A_©vr mKvj Ph©vi cÖfve mgvb hvPvB Kiv| 

2. H0 : i = 2 = ................ = b 

A_©vr mKj eø‡Ki cÖfve mgvb hvPvB Kiv| 

wb‡æ †f`vsK we‡køl‡Yi mviwY †`qv n‡jv 

†f`vsK we‡kølY mviwY 

‡f`vs‡Ki Drm ¯v̂axbZvi gvÎv 

D.F 
eM©mgwó Mo eM©mgwó F 

Ph©v t - 1 SSTr MStr MSTr/MSE = F1 
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eøK 

wePz¨wZ 

b - 1 
(t-1)(b-1) 

SSB 
SSE 

MSB 
MSE 

MSB/MSE = F2 

 

GLb hw` F1 Gi gvb (t-1) Ges (t-1)(b-1) ¯̂vaxbZvi gvÎvq Ges  = 0.05 ev 0.01 

gvÎvq F Gi mviwYi gvb Gi PvB‡Z †QvU nq Z‡e bvw Í̄Kíbv (1) MÖnY‡hvM¨ A_©vr Ph©v¸‡jvi 

cÖfve mgvb| Avi hw` gvb eo nq Z‡e bvw¯Í Kíbv eR©bxq| 

F1  F (t-1), (t-1)(b-1) 

G‡¶‡Î eûjZzjbvi gva¨‡g †h †Kvb `ywU Ph©vi g‡a¨ cv_©K¨ Av‡Q wK bv hvPvB Kivi Rb¨ t 

PjK e¨envi Kiv hvq| 

D`vniY 1 

evsjv‡`k K…wl wek¦we`¨vjq, gqgbwmsn GjvKvq GKwU cix¶‡Y cuvP Rb K…lK cÖ‡Z¨‡K mgvb 

AvqZ‡bi Rwg‡Z Qq cÖKvi mvi cÖ‡qvM K‡i GK cÖKvi av‡bi Pvl K‡i‡Q| wb‡P cÖwZwU Rwgi 

av‡bi Drcv`‡bi cwigvY †`qv n‡jv| GLb 

 mv‡ii cÖKvi‡f‡`i g‡a¨ cv_©K¨ Av‡Q wK bv  

 K…l‡Ki Kvi‡Y Drcv`‡bi †Kvb cv_©K¨ Av‡Q wK bv Zv hvPvB Kiæb| 

Z_¨ mviwY 

mvi 

K…lK 

F1 F2 F3 F4 F5 F6 

Far1 11 15 23 17 21 26 

Far2 12 16 24 19 19 28 
Far3 9 14 26 18 20 30 

Far4 8 13 18 20 20 31 
Far5 12 15 20 19 22 29 

mgvavb 

ˆ`evwqZ eøK wWRvBb Gi MvwYwZK g‡Wj †_‡K cvB 

 Xij =  + i + j + ij ; i = 1, 2 ................... 6, j = 1, 2 .......... 5 
GLv‡b, 

    = mvaviY Mo 

 i  = K…l‡Ki cÖfve 

 j  = mv‡ii cÖfve 

 ij = ˆ`e µwU| 

c~e©vbygvb (Assumption)  

 Z_¨¸‡jv ci¯úi ¯̂vaxb 
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 ˆ`e µwU cwiwgZ web¨vm Abymv‡i K‡i 

 cÖfve¸‡jv †hvMm~Î †g‡b P‡j| 

MYbv c×wZ 

mvi 

K…lK 

F1 F2 F3 F4 F5 F6 †gvU 

Far1 11 15 23 17 21 26 113 

Far2 12 16 24 19 19 28 118 

Far3 9 14 26 18 20 30 117 

Far4 8 13 18 20 20 31 110 

Far5 12 15 20 19 22 29 117 

†gvU  X.1= 52 X.2= 73 X.3= 111 X.4= 93 X.5= 102 X.6= 144 

575 

 

†gvU eM© mgwó = X
X

Nij
ji

ij
ji2

1

6

1

5
1

6

1

5
2

3 0

















       ;  N =   

GLv‡b, 

 

X

X

ij
ji

ij
ji

2

1

6

1

5

1

6

1

5

=  








   

 

   ...........

...................
 

 †gvU eM© mgwó = 12113 - 

( )





 

 = 12113 - 11020.83 = 1092.17 

 

K…l‡Ki Kvi‡Y eM© mgwó  











 
 X

t

X

N
 ;  t = ,  N =   

ij
i

ij
i









 

6 3 0  

 


 

















     ( )

  

 

mv‡ii Kvi‡Y eM© mgwó  











 
 X

b

X

N

ij
j

ij
ji







1

6

1

5
2

5 3 0     ;  b = ,   N =  
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( )

 

wePz¨wZ eM© mgwó = †gvU eM© mgwó - K…l‡Ki Kvi‡Y eM© mgwó - mv‡ii Kvi‡Y eM© mgwó 

 = 1092.17 - 7.67 - 1007.77 

 = 76.73 

Abygvb (Hypothesis) 
1. H0 t mv‡ii cÖfv‡e cv_©K¨ Zvrch©c~Y© bq 

 HA t mv‡ii cÖfv‡ei cv_©K¨ Zvrch©c~Y© 

2. H0 t K…l‡Ki cÖfve cv_©K¨ Zvrch©c~Y© bq 

 HA t K…l‡Ki cÖfve cv_©K¨ Zvrch©c~Y© 

†f`v¼ we‡kølY mviwY 

†f`v‡¼

i Drm 

¯v̂axbZvi 

gvÎv (df) 
eM© mgwó Mo eM© mgwó 

wb‡Y©q F mviwY F.05 

mvi 6-1=5 1007.77 






.
.  F






.
.

.  F = 2.71 

K…lK 5-1=4 7.67 






.
.  F






.
.

 F = 2.87 

 

wePz¨wZ 

(6-1) (5-1) 

= 20 

76.73 




.  

  

†gvU 

30 - 1 = 29 

1092.17    

 

gšÍe¨t F1 Gi wb‡Y©q gvb 52.49| 5 Ges 20 ¯v̂axb gvÎvi 5% h_v_©Zv gvÎvq F Gi 

mviwYK…Z gvb 2.71 hvnv wb‡Y©q F Gi gv‡bi †P‡q LyeB †QvU| myZivs bvw Í̄K Kíbv evwZj| 

A_©vr mv‡ii cÖfv‡ei g‡a¨ h‡_ó cv_©K¨ we`¨gvb| Avevi F2 Gi wb‡Y©q gvb 0.50| 4 Ges 20 

¯v̂axb gvÎvi 5% h_v_©Zv gvÎvq F Gi mviwYK…Z gvb 2.87 hvnv wb‡Y©q F Gi gv‡bi †P‡q 

eo| A_©vr bvw¯ÍK Kíbvi MÖnb‡hvM¨Zv Av‡Q| myZivs ejv hvq K…l‡Ki cÖfv‡ei g‡a¨ †Kvb 

cv_©K¨ †bB| 

D`vniY 2 

GKwU M„ncvwjZ cïi Lvgv‡i m‡e©vrK…ó †MvLv`¨ wbY©q Ki‡Z wM‡q cuvP cÖKvi Nvm Pvi Rv‡Zi 

Miæ‡K LvIqv‡bv n‡q‡Q| Nvm LvIqv‡bvi ci Miæi kix‡i IRb Kx cwigvY n‡q‡Q Zv wb‡Pi 

mviwY‡Z †`qv n‡jv| 

1. DcvËwUi †f`v¼ we‡kølY Kiæb 

2. Lv‡`¨i cÖfve Zvrch©c~Y© wK bv hvPvB Kiæb 

3. Lv‡`¨i cÖfve Zvrch©c~Y© n‡j †Kvb& Lv`¨Ø‡qi d‡j cÖfve b~b¨Zg cv_©K¨ †`Lvq wbY©q 

Kiæb? 

mviwY 

Nvm 

Miæ 

Nvm

1

 Nvm

2

 Nvm

3

 Nvm

4

 Nvm

5

 

M

1

 3.9 4.7 3.7 4.0 6.7 

M

2

 2.1 3.7 4.1 4.1 8.0 
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M

3

 4.4 5.3 4.2 5.0 8.6 

M

4

 2.6 4.3 4.7 4.5 9.1 

 

mgvavb 

ˆ`evwqZ eøK wWRvB‡bi MvwYwZK g‡Wj †_‡K Avgiv cvB- 

Xij =  + i + j + eij  ; i = 1,2,3,4,5 

     j = 1,2,3,4 

 

GLv‡b 

 = mvaviY Mo 

 i = Nv‡mi cÖfve 

 j = Miæi IRb e„w×i cÖfve 

 eij = ˆ`e wePz¨wZ 

 

c~e©vbygvb (Assumption) 

 ˆ`e µwU cwiwgZ web¨vm AbymiY K‡i 

 Lv`¨ I Miæi IRb e„w× ci¯úi ¯v̂axb 

 cÖfve¸‡jv †hvMm Î †g‡b P‡j 

 

MYbv c×wZ 

Nvm 

Miæ 

Nvm

1

 Nvm

2

 Nvm

3

 Nvm

4

 Nvm

5

 †gvU  

M1 3.9 4.7 3.7 4.0 6.7 23.00 

M2 2.1 3.7 4.1 4.1 8.0 22.00 

M3 4.4 5.3 4.2 5.0 8.6 27.50 

M4 2.6 4.3 4.7 4.5 9.1 25.10 

‡gvU 13.0  18.0 16.7 17.6 32.4 97.7 

 

 †gvU eM© mgwó = X
X

ij
ii

ij
ji


































 

   = 3.9

2

 + 4.7

2

 + ......................... + 4.5

2

 + 9.1

2

 - 







 

   = 542.05 - 477.2645 = 64.7855 

 

Nv‡mi Rb¨ eM© mgwó = 

X ( Xi.
j

ij
ji













 

 
 
 



)
 

   = 




 .  

   = 532.8525 - 477.2645 = 55.588 
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Miæi Rb¨ eM© mgwó = 

X X
. j

i
ij

ji
















 
 
 













 

   = 




 .  

   = 480.458 - 477.2645 

   = 3.5935 

 

 wePz¨wZ eM© mgwó  = †gvU eM© mgwó - Miæi Rb¨ eM© mgwó - Nv‡mi Rb¨ eM© mgwó 

   = 64.7855 - 3.5935 - 55.588 

   = 5.604 

 

Abygvb (Hypothesis) 
1| H0  t Lv‡`¨i (Nvm) cÖfve Zvrch©c~Y© bq 

 HA  t Lv‡`¨i (Nvm) cÖfve Zvrch©c~Y© 

 

2| H0  t Miæi IRb e„w×i cÖfve Zvrch©c~Y© bq 

 HA  t Miæi IRb e„w×i cÖfve Zvrch©c~Y© 

 

†f`v¼ we‡kølY mviwY 

†f`v‡¼i 

Drm 

¯v̂axb gvÎv eM© mgwó Mo eM© mgwó 

wb‡Y©q F 

F.05 

Mi€ 

4-1= 3 3.5935 MSNvm = 

1.1978 

FMi€  

= 2.56 F = 2.84 

Nvm 5-1 = 4 55.588 MSNvm = 

13.897 

FNvm 

= 

29.758 

F = 2.61 

wePz¨wZ (4-1)(5-1) 

= 12 

 

5.604 

 

MSE = .467 

  

‡gvU 20-1 = 19 64.7855    

 

gšÍe¨ t 

1. †f`v¼ we‡kølY mviwY †_‡K cvB F = 2.56 Ges mviwY F
.05;3.12

 = 2.84 hvnv wb‡Y©q F 

n‡Z eo A_©vr bvw¯ K Kíbvi MÖnY‡hvM¨Zv Av‡Q| 

 

Avevi, Nv‡mi †¶‡Î, 

wb‡Y©q F = 29.758 Ges mviwY n‡Z cÖvß F
.05;4.12

 = 2.61 hvnv wb‡Y©q F Gi †_‡K A‡bK 

†QvU A_©vr Nv‡mi cÖfve A‡bK Zvrch©c~Y©|  

b~b¨Zg cÖfve cv_©K¨ wbY©q 

†h‡nZz Nv‡mi cÖfve A‡bK Zvrch©c~Y© AZGe Avgiv GLb †`L‡ev †Kvb& †Kvb& gvbØ‡qi Rb¨ 

cÖfve cv_©K¨ b b¨Zg| 
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`ywU Nv‡mi g‡a¨ cÖfve cv‡_©‡K¨i S.E  = MSE 

m
 ; m = 5 

   = 0.6834




 

    = 0.4322 

 mwÜ¶‡Yi b~b¨Zg cv_©K¨  = t

.05;5 

  S.E 

    = 2.12  0.4322  [t

.05;5

 = 2.12] 

    = 0.9162 

 

wewfbœ Nv‡mi gv‡bi µg Abymv‡i M‡oi mviwY 

Mo IRb Mo cv_©K¨ C.D 

N4 = 8.1 

3.6  

N2 = 4.5 

0.1  

N4 = 4.4 

0.225 0.9162 

N3 = 4.175 

0.925  

N1 = 3.25 

  

mviwY †_‡K †`Lv hvq N4 bs Nvm me‡P‡q †ewk cÖfvehy³ Lv`¨ Ges N2 me‡P‡q Kg cÖfvehy³ 

Lv`¨| 

Abykxjb (Activity) : gvrm¨ M‡elYv BbwówUD‡Ui GKwU M‡elYvq cyKz‡i gv‡Qi Ici wewfbœ 

Lv`¨ cÖ‡qv‡Mi d‡j Zv‡`i e„w×i DcvË wb‡¤œ †`qv n‡jv- 

 †f`vsK we‡kølY mviwY wbY©q Kiæb| 

 Lv‡`¨i cÖfve Zvrch©c~Y© wK bv hvPvB Kiæb| 

 gv‡Qi e„w× Zvrch©c~Y© wK bv hvPvB Kiæb| 

gvQ 

Lv`¨ (MÖvg) 

F1 F2 F3 

F01 250 200 210 

F02 200 230 220 

F03 300 310 320 

 

ˆ`evwqZ eøK wWRvB‡bi myweav 

 G wWRvB‡b cix¶‡Yi wWRvB‡bi wZbwU bxwZB AbymiY Kiv nq e‡j Gi `¶Zv †ewk| 

 †h †Kvb gvV cix¶‡Y G wWRvBb LyeB Dc‡hvMx| KviY gv‡V me GKKB mg¸Y m¤úbœ 

bq| 

 G wWRvB‡b wePz¨wZi eM© mgwó Kg nq| 

 

‰`evwqZ eøK wWRvB‡b 

cix¶‡Yi wWRvB‡bi wZbwU 

bxwZB AbymiY Kiv nq e‡j 

Gi `¶Zv †ewk| 
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 G wWRvBb †_‡K cÖvß DcvËmg~n we‡kølY mnR| 

 M¤úY© ˆ`evwqZ wWRvBb †_‡K G wWRvBb †ewk `¶| 

ˆ`evwqZ eøK wWRvB‡bi Amyweav 

 mg¸Ym¤úbœ Ges mggvwÎK cøU (GKK) mwVKfv‡e wbY©q Kiv KwVb| 

 Ph©vi msL¨v †ewk n‡j eø‡Ki AvKvi A_©vr cÖwZ eø‡K cø‡Ui msL¨vI †ewk n‡e Ges 

†m‡¶‡Î cø‡Ui mggvwÎKZv bó nIqvi m¤¢vebv _v‡K| 

 GKvwaK Z_¨gvb jyß n‡j we‡kølY c×wZ KwVb nq| 

mvigg©t ˆ`evwqZ eK wWRvB‡b cÖwZwU eø‡K Ph©vi mgvb msL¨K cøU _v‡K Ges cÖwZwU Ph©vi 

cybivqb msL¨v eø‡Ki msL¨vi mgvb| G wWRvB‡b cix¶‡Yi wZbwU bxwZ †hgb ˆ`evqb, cybivqb 

Ges ¯’vbxq wbqš¿Y AbymiY K‡i| ˆ`evwqZ eøK wWRvB‡bi myweav n‡jv G wWRvB‡b cix¶‡Yi 

wWRvB‡bi wZbwU bxwZB AbymiY Kiv nq e‡j Gi `¶Zv †ewk| †h †Kvb gvV cix¶‡Y G 

wWRvBb LyeB Dc‡hvMx| KviY gv‡V me GKKB mg¸Y m¤úbœ bq| 
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cv‡VvËi g~j¨vqb 7.4 

mwVK DË‡ii cv‡k wUK wPý () w`b| 

1| ˆ`evwqZ eøK wWRvBb †Kvb& bxwZ AbymiY K‡i? 

 K) ˆ`evqb 

 L) bgybvqb 

 M) ˆ`evqb cybivqb Ges ¯’vbxq wbqš¿Y 

 N) cybivqb 

 

2| ˆ`evwqZ wWRvB‡bi †¶‡Î wb‡Pi †Kvb&wU mwVK? 

 K) mggvwÎK cix¶Y GKK 

 L) mg¸Ym¤úbœ cix¶Y GKK 

 M) mggvwÎK I mg¸Y m¤úbœ cix¶Y GKK bq 

 N) mggvwÎK cix¶Y GKK 

 

3| ˆ`evwqZ eøK wWRvB‡b Ph©v I eøK Gi m¤ú‡K©i †¶‡Î †Kvb&wU mwVK? 

 K) Ph©vi cybivqb msL¨v    eøK Gi msL¨v 

 L) Ph©vi cybivqb msL¨v    eøK Gi msL¨v 

 M) Ph©vi cybivqb msL¨v  =  eøK Gi msL¨v 

 N) Ph©vi cybivqb msL¨v   eøK Gi msL¨v 





Z_¨m~Î 

¯‹zj Af& GwMÖKvjPvi GÛ iæi¨vj wW‡fjc&‡g›U 178

cvV 7.5 jvwZb eM© wWRvBb (Latin Square Design) 

G cvV †k‡l Avcwb- 

 jvwZb eM© wWRvBb m¤ú‡K© ej‡Z I wjL‡Z cvi‡eb| 

 jvwZb eM© wWRvB‡bi myweav I Amyweav¸‡jv ej‡Z cvi‡eb| 

 jvwZb eM© wWRvB‡bi DcvË¸‡jv we‡kølY Ki‡Z cvi‡eb| 

 jvwZb eM© wWRvB‡bi msÁvmn e¨vL¨v Ki‡Z I ej‡Z cvi‡eb| 

 jvwZb eM© wWRvB‡bi myweav I Amyweav wjL‡Z cvi‡eb| 

 jvwZb eM© wWRvBb Kxfv‡e we‡kølY Ki‡Z nq Ges wWRvB‡bi mvnv‡h¨ mgm¨vi mgvavb 

Ki‡Z cvi‡eb| 

 mwÜ¶‡Yi b~Y¨Zg cÖfve cv_©K¨ wbY©q Ki‡Z cvi‡eb| 

jvwZb eM© wWRvBb 

†Kvb cix¶‡Yi GKK¸‡jv‡Z wØgyLx †f`v‡¼i Drm _vK‡j GwU wbqš¿Y Kivi Rb¨ jvwZb eM© 

wWRvBb e¨eüZ nq| †f`v‡¼i GKwU Dr‡mi j¤̂vjw¤̂fv‡e mvwi I Av‡iKwU Dr‡mi j¤̂vjw¤̂fv‡e 

¯Í¤¢ ˆZqvi Ki‡Z nq| Zvi ci eM©̧ ‡jv‡K mvwi I Í̄‡¤¢ GKwU Ph©v GKev‡ii †ewk cÖ‡qvM Kiv 

bv nq| Ph©v¸‡jv‡K DcwiD³fv‡e cÖ‡qvM Kiv n‡j cÖvß wWRvBb‡K jvwZb eM© wWRvBb 

(L.S.D) ejv nq| G wWRvB‡b Ph©vi msL¨v hZ n‡e mvwi I ¯Í‡¤¢i msL¨vI Z‡Zv n‡e A_©vr 

Ph©vi msL¨v l n‡j mvwi I ¯Í‡¤¢i msL¨v n‡e l  l = l2 | D`vniYmnKv‡i wb‡¤œ jvwZb eM© 

wWRvBb e¨vL¨v Kiv n‡jv| 

g‡b Kwi, A B C D PiwU Ph©v hv wb‡¤œ wWRvBb AvKv‡i †`Lv‡bv n‡jv- 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GLv‡b wWRvB‡b 4wU mvwi I 4wU ¯Í‡¤¢ Ph©v cÖ‡qvM Kiv n‡q‡Q ZvB D³ wWRvBb‡K jvwZb eM© 

wWRvBb e‡j| G wWRvB‡b mvwi, Í̄¤¢ Ges Ph©v Dcv`vb¸‡jv 4wU K‡i Í̄i Av‡Q A_©vr cix¶‡Yi 

†gvU 444 = 64wU Drcv`b _vKvi K_v wKš‘ Av‡jvwPZ wWRvB‡b †gvU L‡Ûi cwigvY 44 

= 16wU| ZvB G wWRvBb‡K Am¯ú~Y© wÎ-gyLx wWRvBb ejv nq| 

 

 

 
A B C D 

C D A B 

B C D A 

D A B C 

mvwi 

¯ ¤
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we‡kølY 

jvwZb eM© wWRvBb †_‡K cÖvß DcvË‡K Avgiv wbæwjwLZ g‡W‡ji mvnv‡h¨ cÖKvk Ki‡Z cvwi| 

Xijk =  + i + j + k ijk ; 
i = 1, 2 ................. l 
j = 1, 2 ................. l 
k = 1, 2 ................ l 
 

GLv‡b l wU Ph©v wb‡q l  l jvwZb eM© wWRvBb GKwU cix¶v cwiPvjbv Kiv n‡q‡Q| 

Xijk = K Zg Ph©vi j Zg ¯Í‡¤¢i i Zg mvwii Drcv`b 

i = i Zg mvwii cÖfve 

j = j Zg ¯Í‡¤¢i cÖfve 

k = K Zg Ph©vi cÖfve 

ijk = ‰`e wePz̈ wZ 

 

c e©vbygvb (Assumption) 

 ˆ`e wePz¨wZ ijk cwiwgZ web¨vm AbymiY K‡i i.e. ijk ~ iid (0.2
) 

 cÖfve Drm¸‡jv ci¯ú‡ii g‡a¨ ¯v̂axb| 

 cÖfve Drm¸‡jv MvwYwZK †hvMm~Î AbymiY K‡i| 

 

GLb, b~b¨Zg eM© c×wZ [least square method] Gi mvnvh¨ wb‡q  , i , j Ges k Gi 

gvb wbY©q Kiv nq| G‡¶‡Î µwU wePz¨wZi eM© mgwó b~b¨Zg, A_©vr 

 

 S  








   

 
 ijk
k

l

j

l

i

l

ijk i j k
k

l

j

l

i

l

X








         

 

, i, j, Ges k Gi gvb †ei Kivi Rb¨ S ‡K differentiate Ki‡Z n‡e ch©vqµ‡g , 

i, j, Ges k Øviv 

 

 



   
s
    









 





( )X ijk i j k
k

l

j

l

i

l

 

  

 ( )X ijk i j k
k

l

j

l

i

l

    

    


 ................................  (i)  
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s
X

X

s
X

X

i
ijk i j k

k

l

j

l

ijk i j k
k

l

j

l

j
ijk i j k

k

l

i

l

ijk i j k
k

l

i

l

      

     

      

    

































 ......................................  (ii)

11

 
 









      

     
















 ......................................  (iii)

 ......................................  (iv)




   

   

s
X

X

k
ijk i j k

j

l

i

l

ijk i j k
j

l

i

l

 

 

mgvavb K‡i cvB - 

 

(i) bs mgxKiY †_‡K  

 

( )

( )

...

X

X

X l l l l

ijk i j k
k

l

j

l

i

l

ijk
k

l

j

l

i

l

i j k
k

l

j

l

i

l

i
i

l

j k
k

l

j

l

    

   

    



 

 



 

 

   

   

   



 



 



or,   

 

(ii), (iii) Ges (iv) bs mgxKiY n‡Z cvB 

 

Abyiƒcfv‡e, 

X l l

X l l

X l l

i i j k
k

l

j

l

j i j k
k

l

j

l

k i j k
k

l

j

l

..

. .

..

   

   

   













   

   

   







 

 

cÖvß gvb¸‡jv‡Z   i j
j

l

k
k

l

j

l

  
 
 
 

 

 

kZ© Av‡ivc K‡i cvB- 
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 ...
 ...
 . . ...
 .. ...

..








 
 

 

X
X X
X j X
X k X

i i

j

k

 

GLv‡b 

 , 

 ,  ,   i j k  h_vµ‡g  , i, j, k Gi cÖv°wjZ gvb| 

†gvU eM© mgwó‡K Avgiv wb¤œwjwLZfv‡e wefvRb Ki‡Z cvwi - 

 

 
X Xijk

k

l

j

l

i

l

k

l

j

l

i

l

Xi X X j X X X X ijk X i X j X X

l X i X
i

l
l X j X
j

l
l X k X
k











          

 

  


  



...

( .. ...) ( . . ...) ( ..k ...) ( .. . . ..k ...)

( .. ...) ( . . ...) ( .. ...)









 



 




 

l

X ijk X i X j X k X
k

l

j

l

i

l



    







   ( .. . . .. ...) 0

 

      [¸Yd‡ji mgwó c‡`i gvb k~b¨] 

AZGe, †gvU eM© mgwó =  mvwii eM© mgwó + ¯Í‡¤¢i eM© mgwó + Ph©vi eM©mgwó  

+ wePz¨wZi eM© mgwó 

GLv‡b, 

mvwii eM© mgwó,  SST
mvwi

 = l X Xi
i

l

( ...)..

 



 

  = 

















X
l

X

l
i

ijk
kji..






  

¯Í‡¤¢i eM© mgwó, SST¯ ¤¢

 = l X Xj
j

l

( ...)..

 



 

  = 















X

l

X

l
j

ijk
k

l

j

l

i

l

..






  

Ph©vi eM© mgwó, SST
Ph©v

 = l X Xk
k

l

( ...).. 

 



 

  = 

X

l

X

l

k
k

l

ijk
k

l

j

l

i

l

..


 




 
 













 

 

Ges wePz¨wZ eM© mgwó = †gvU eM© mmwó - mvwii eM© mgwó – ¯Í‡¤¢i eM© mgwó - Ph©vi eM© mgwó 
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we‡køl‡Yi g~j D‡Ïk¨ n‡jv wbæwjwLZ Abygvb hvPvB Kiv| 

Abygvb (Hypothesis) 

1|  H0  t 1 = 2 = ...................... = l ; A_©vr mKj mvwii cÖfve mgvb wK bv 

 HA  t †h †Kvb GKwUi cÖfve Amgvb| 

 

2| H0  t 1 = 2 = ................... = d A_©vr mKj ¯Í‡¤¢i cÖfve mgvb| 

 HA  t †h †Kvb GKwUi cÖfve Amgvb| 

 

3|  H0  t 1 = 2 = ................. = k ; A_©vr mKj Ph©vi cÖfve mgvb| 

 HA  t †h †Kvb GKwUi cÖfve Amgvb| 

 

†f`v¼ we‡kølY mviwY wb‡¤œ †`qv n‡jv- 

 

†f`v¼ we‡kølY mviwY 

†f`v‡¼i 

Drm 

¯v̂axbZvi 

gvÎv 

eM© mgwó Mo eM© mgwó 

wb‡Y©q F mviwY F 

mvwi l - 1 

SST mvwi 

MST
mvwi

 
SST

l -
mvwi


 

F
mvwi

 
MST
MSE

 

F(l-1), (l-1) 

(l-2) 
¯Í¤¢ l - 1 SST Í̄¤¢ 

MST
Í̄¤¢


SST

l -
¯


 

F
¯Í¤¢


MST
MSE

 

F(l-1), (l-1) 

(l-2) 
Ph©v l - 1 SST Ph©v MST

Ph©v

 


SST

l -
¯


 

F
Ph©v


MST
MSE

 

F(l-1), (l-1) 

(l-2) 

wePz¨wZ 

(l-1) (l-2) 

SSE MSE 


SST

(l - (l - 
 

  

†gvU l2-1 

SST    

 

Dch©y³ †f`v¼ we‡kølY mviwY †_‡K DwjøwLZ bvw Í̄K Kíbv hvPvB Gi Rb¨ wb‡Y©q F
mvvwi

 F
¯Í¤¢

 Ges 

F
Ph©v

 wbY©q Ki‡Z n‡e AZci ch©vqµ‡g Zv‡`i ¯̂vaxbgvÎvi Ges h_v_©Zv gvÎvi ( = .05 

A_ev  = .01) F Gi †Uwej †_‡K cÖvß gv‡bi †P‡q eo bv †QvU Zv Zzjbv Ki‡Z n‡e| hw` 

F
mvvwi

 , F
¯Í¤¢

 Ges F
Ph©v

  F mviwY †_‡K cÖvß % (l - 1) I (l - 1) (l - 2) nq Z‡e eje, 

bvw¯ÍK Kíbv evwZj bq A_ev hw` F
mvwi

 F
¯Í¤¢

 Ges F
Ph©v

  F mviwY †_‡K cÖvß % (l - 1) I (l 
- 1) (l - 2) nq Z‡e ej‡ev, bvw¯ÍK Kíbv evwZj| 

 

jvwZb eM© wWRvB‡bi myweav 

jvwZb eM© wWRvB‡bi myweav¸‡jv wb‡¤œ Av‡jvPbv Kiv n‡jv - 

 wØgyLx ¯ÍixKiY Kiv nq ZvB `ycÖKvi ewnivMZ †f`v‡¼ Drm‡K wbqš¿Y K‡i| 

 cÖvß Z‡_¨i we‡kølY mnR| 

 †Kvb Z_¨ nvwi‡q †M‡j ev ev` co‡j Zv Zzjbvg~jKfv‡e Ab¨ wWRvBb †_‡K mn‡R wbY©q 

Kiv hvq| 
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 wePz¨wZi eM© mgwó †_‡K mvwi Ges ¯Í‡¤¢i eM© mgwó we‡qvM Kivi d‡j wePz¨wZi Mo eM© 

mgwói gvb Kg nq| 

 K…wl Lvgv‡i G wWRvBb e¨envi AwZ mnR| 

jvwZb eM© wWRvB‡bi Amyweav 

jvwZb eM© wWRvB‡bi myweav _vKv m‡Ë¡I Amyweav A‡bK †¶‡Î m„wó nq| Amyweav¸‡jv wb‡¤œ 

Av‡jvPbv Kiv n‡jv- 

 mvwi I ¯Í‡¤¢i †ewk Ph©v wb‡q G wWRvBb cÖ‡qvM Kiv m¤¢e bq| 

 Ph©vi msL¨v Kg n‡j wePz¨wZi eM© mgwó gvÎv  Kg n‡e| 

 Ph©v, mvwi Ges ¯Í‡¤¢i wgkª wµqv †bB aiv nq wKš‘ ev¯Íe †¶‡Î wgkªwµqv _vKvq mwVK dj 

cvIqv KwVb nq| 

D`vniY 1 

evsjv‡`k avb M‡elYv BbwówUDU GKwU cix¶‡Y jvwZb eM© wWRvBb cÖ‡qvM K‡i‡Q| cix¶‡Yi 

D‡Ï‡k¨ wewfbœ ai‡bi Kv`vgvwU‡Z av‡bi cÖfve Rvbv| wewfbœ ai‡bi Kv`vgvwUi ˆZwii bgybv 

wb‡¤œ †`qv n‡jv - 

A t Kv`vgvwU Qvov   B t 10 fvM Kv`vgvwU cÖwZ GK‡i 

C t 20 fvM Kv`vgvwU cÖwZ GK‡i D t 30 fvM Kv`vgvwU cÖwZ GK‡i 

RwgwU 8 wgUvi  8 wgUvi wb‡q ˆZwi Kiv n‡jv Ges Drcv`b wb‡æ †`qv †Mj - 

¯Í¤¢ 

mvwi 

I II III IV 

I D (29.1) B (18.9) C (29.4) A (5.7) 
II C (16.4) A (10.2) D (21.2) B (19.1) 
III A (5.4) D (38.8) B (24.0) C (37.0) 
IV B (24.9) C (41.7) D (9.5) D (28.9) 

1. †f`v¼ we‡kølY Kiæb| 

2. mvwi, Í̄‡¤¢i av‡bi Drcv`‡bi cÖfve hvPvB Kiæb| 

mgvavb 

jvwZb eM© wWRvB‡bi MvwYwZK g‡Wj †_‡K cvB - 

Xijk =  + i + j + k + ijk 
 

i = 1, 2 ......................... 4 
j = 1, 2 ......................... 4 
k = 1, 2 ........................ 4 

 = mvaviY Mo 

i = mvwii cÖfve 

j = ¯Í‡¤¢i cÖfve 

k = Ph©vi cÖfve 

ijk = ˆ`e wePz¨wZ 

c~e©vbygvb (Assumption) 
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 ˆ`e µwU cwiwgZ web¨vm AbymiY K‡i 

 mvwi, Í̄¤¢ Ges av‡bi ci¯úi ¯v̂axb 

 mvwi, Í̄¤¢ Ges avb MvwYwZK †hvMg~Î †g‡b P‡j 

MYbv c×wZ t Z_¨¸‡jv‡K wb¤œfv‡e mvRv‡bv n‡jv - 

¯Í¤¢ 

mvwi 

I II III IV mvwii 

†hvMdj 

I D (29.1) B (18.9) C (29.4) A (5.7) 83.1 
II C (16.4) A (10.2) D (21.2) B (19.1) 66.9 
III A (5.4) D (38.8) B (24.0) C (37.0) 105.2 
IV B (24.9) C (41.7) D (9.5) D (28.9) 105.0 

¯Í‡¤¢i 

†hvMdj 

75.8 109.6 84.7 90.7 360.2 

Ges cÖ‡Z¨K †¶‡Î av‡bi Drcv`‡bi †hvMdj- 

A = 30.8 B = 86.9 C = 124.5 D = 118.0 

GLb, mvwii eM© mgwó = 

8 3 . 1 66. 9 1 0 5 . 2 1 0 5 .0

4

( 3 6 0 2 )

1 6

2 2 2 2 2  
  

 = 









. .
 

 = 8368.4 - 8109.0025 = 259.3975 

 ¯Í‡¤¢i eM© mgwó = 

 







    . . . . ( . )
 

  = 









. .
 

  = 8264.275 - 8109.0025 = 155.2725 

 

 av‡bi eM© mgwó = 

 







    . . . ( . )
 

  = 









. .
 

  = 9481.125 - 8109.0025 = 1372.1125 

 †gvU eM© mgwó = [29.1

2

 + 18.9

2

 + .............. + 9.5

2

 + 28.9

2

] - 





.
 

  = 10052.08 - 8109.0025 = 1943.0775 

 wePz¨wZ eM© mgwó = 1943.0775 - 259.3975 - 155.2725 - 1372.1225 

  = 156.285 
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Abygvb (Hypothesis) 
 

1|  H0 : mvwii cÖfve Zvrch©c~Y© bq 

 Ha : mvwii cÖfve Zvrch©c~Y© 

2| H0 : ¯Í‡¤¢i cÖfve Zvrch©c~Y© bq 

 HA : ¯Í‡¤¢i cÖfve Zvrch©c~Y© 

3| H0 : av‡bi cÖfve Zvrch©c~Y© bq 

 HA : av‡bi cÖfve Zvrch©c~Y© 

 

†f`v¼ we‡kølY mviwY 

†f`v‡¼i 

Drm 

¯v̂axbZvi gvÎv 

df 
eM© mgwó Mo eM© 

mgwó 

wb‡Y©q F F †Uwej 

mvwi 4 - 1 = 3 259.3975 86.4658 3.31 F
.05;:3,6

 = 

4.76 

¯Í¤¢ 4 - 1 = 3 155.2725 51.7575 1.987 F
.05;:3,6 

= 

4.76 

avb 4 - 1 = 3 1372.1125 457.3708 17.559 F
.05;:3,6 

= 

4.76 

wePz¨wZ (4-1)(4-2)= 6 156.285 26.0416   

‡gvU 16 - 1 = 15 1943.0775    

 

GšÍe¨t mviwY †_‡K cvB, 

1. F
mvwi

 = 3.31 hvnv F
.05;:3,6

 = 4.76 gvb †_‡K †QvU A_©vr mvwi cÖfve Zvrch©c~Y© bq| 

2. F
¯Í¤¢

 = 1.987 hvnv F
.05;:3,6

 = 4.76 gv‡bi †QvU, A_©vr ¯Í¤¢ cÖfve Zvrch©c~Y© bq| 

3. F
avb

 = 17.559 hvnv F
.05;:3,6

 = 4.76 gv‡bi †P‡q A‡bK eo A_©vr av‡bi cÖfve AZ¨šÍ  
Zvrch©c~Y©| 

 

D`vniY 2 

4wU †cÖvwU‡bi Kvh©KvwiZv hvPvB Kivi Rb¨ †cÖvwUb¸‡jvi GKwU gvÎv 16Uv gyiMx‡K LvIqvi 

e¨e¯’v Kiv n‡jv| gyiMx¸‡jvi g‡a¨ cÖ‡Z¨K Rv‡Zi 4wU K‡i †gvU 4 Rv‡Zi gyiMx wQj| Avevi 

cÖ‡Z¨K Rv‡Zi gyiMx 4 cÖKvi eq‡mi e¨eavb wQj| cix¶vwU jwZb eM© wWRvBb †_‡K cÖvß 

gyiMxi IRb (gm) DcvË wb‡¤œ †`qv n‡jv| 

 DcvËwUi we‡kølY Kiæb 

 mwÜ¶‡Yi b~b¨Zg cÖfve cv_©K¨ wbY©q Kiæb 

 †Kvb †cÖvwU‡bi cÖfve †ewk Zvrch©c~Y© wbY©q Kiæb 

gyiMxi ewa©Z IRb (gm) Gi DcvË 

RvZ 

eqm 

1 2 3 4 

1 A(2) B(5) C(8) D(6) 
2 B(6) C(7) D(6) A(3) 
3 C(8) D(5) A(3) B(6) 



Z_¨m~Î 

¯‹zj Af& GwMÖKvjPvi GÛ iæi¨vj wW‡fjc&‡g›U 186

4 D(3) A(4) B(7) C(9) 
 

jvwZb eM© wWRvB‡bi MvwYwZK g‡Wj †_‡K cvB 

Xijk =  + i + j + k + ijk ;  i = 1,2,3,4; 
     j = 1,2,3,4; 
     k = 1,2,3,4. 
 

GLv‡b, 

 = mvaviY Mo 

i = gyiMxi cÖfve 

j  = eq‡mi cÖfve 

k = †cÖvwU‡bi cÖfve 

ijk = ˆ`e wePz¨wZ 

 

c~e©vbygvb (Assumption) 

 ˆ`e wePz¨wZ cwiwgZ web¨vm †g‡b P‡j 

 cÖfve¸‡jv ci¯úi ¯̂vaxb 

 cÖfve¸‡jv MvwYwZK †hvMm~Î †g‡b P‡j| 

 

MYbv c×wZ 

RvZ 

eqm 

1 2 3 4 ‡gvU 

1 2 5 8 6 X.1. = 21 
2 6 7 6 3 X.2. = 22 
3 8 5 3 6 X.3. = 12 
4 3 4 7 9 X.4. = 23 

†gvU X1.. = 19 X2.. = 21 X3... = 24 X4.... = 24 X.... = 88 
 

†cÖvwUb A Gi Rb¨ †gvU Drcv`b : 2 + 3 + 3 + 4 = 12 

†cÖvwUb B Gi Rb¨ †gvU Drcv`b : 5 + 6 + 6 + 7 = 24 

†cÖvwUb C Gi Rb¨ †gvU Drcv`b : 8 + 7 + 8 + 9 = 32 

†cÖvwUb D Gi Rb¨ †gvU Drcv`b : 6 + 6 + 5 + 3 = 20 

 

†gvU eM© mgwó  = X
X

=ijk
kji

ijk
kji













































;   N  

  = 2

2

+5

2

+ + 8

2

+ ..................... + 7

2 

 + 9

2

 - 

( )




 

  = 548 - 




 

  = 548 - 484 = 64 
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gyiwMi wewfbœ Rv‡Zi Rb¨ eM© mgwó = 

X X
i

ijk
kji





















 
 
 













 

    = 










    


( )

;    N =  

         X ijk
kji 














 = 7744 

     = 








 

     = 488.5 - 484 = 4.5 

 

gyiMxi wewfbœ eq‡mi Rb¨ eM© mgwó  = 

X X
j

ijk
kji





















 
 
 













 

     = 








 ; N = 16;  

       X ijk
kji 














 = 7744 

     = 484.5 - 484 = 0.5 

 

†cÖvwUb Gi Rb¨ eM© mgwó  = 

X X
k

k
ijk

kji




















 
 
 













 

     ; N = 16 ; l = 4 ; X ijk
kji 














= 7744 

     = 








    

     = 536 - 484 = 52 

wePz¨wZi eM© mgwó  = †gvU eM© mgwó - gyiMxi Rv‡Zi Rb¨ eM© mgwó - gyiMxi Rv‡Zi Rb¨  

      eM©mgwó - †cÖvwU‡bi Rb¨ eM© mgwó 

   = 64.0 - 4.5 - 0.5 - 52.0 

   = 7.0 

Abygvb (Hypothesis) 
1| H0  t gyiMxi Rv‡Zi cÖfve Zvrch©c~Y© bq 

 HA  t gyiMxi Rv‡Zi cÖfve Zvrch©c~Y© 

2| H0  t gyiMxi eq‡mi cÖfve Zvrch©c~Y© bq 

 HA  t gyiMxi eq‡mi cÖfve Zvrch©c~Y© 

3| H0  t †cÖvwU‡bi cÖfve Zvrch©c~Y© bq 
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 HA  t †cÖvwU‡bi cÖfve Zvrch©c~Y© 

†f`v¼ we‡kølY mviwY 

†f`v‡¼i 

Drm 

¯v̂axbZvi gvÎv eM© mgwó Mo eM© 

mgwó 

wb‡Y©q F F †Uwej †_‡K 

cÖvß gvb 

gyiMxi Drm 4-1= 3 4.5 1.50 F
RvZ = 1.28  F.05;3.6 = 

4.76 
gyiMxi eqm 4-1= 3 0.5 0.17 F

eqm = 0.14  F.05;3.6 = 
4.76 

‡cÖvwUb 4-1= 3 52 17.33 F
†cÖvwUb = 

18.81  
F.05;3.6 = 
4.76 

wePz¨wZ (4-1)(4-1)=6 7 1.17   
†gvU 16-1 = 15     

 

gšÍe¨ t †f`v¼ we‡kølY †Uwej n‡Z cvB - 

1| wb‡Y©q F
RvZ

 = 1.28,  3 Ges 6 ¯̂vaxb gvÎvi 0.05 h_v_©Zvi gvÎvq F Gi mviwYK…Z gvb 

4.76 hvnv wb‡Y©q F
RvZ

 Gi gv‡bi †P‡q eo A_©vr F
RvZ

 bvw¯ÍK Kíbv Zvrch©c~Y© bq| 

AZGe gyiMxi Rv‡Zi cÖfve Zvrch©c Y© bq| 

2| wb‡Y©q F
eqm

 = 0.14, 3 Ges 6 ¯v̂axb gvÎvq .05 h_v_©Zvi gvÎvq F Gi mviwYK…Z gvb 

4.76 hvnv F Gi gv‡bi †P‡q eo A_©vr F
eqm

 Gi bvw¯ÍK Kíbv Zvrch©c~Y© bq| AZGe 

gyiMxi eq‡mi cÖfve Zvrch©c~Y© bq| 

3| wb‡Y©q F
†cÖvwUb

 = 18.81, 3 Ges 6 ¯̂vaxb gvÎvq F
†cÖvwUb

 Gi gv‡bi †P‡q LyeB †QvU A_©vr 

F
†cÖvwUb

 Gi bvw¯ÍK Kíbv LyeB Zvrch©c~Y©| AZGe †cÖvwU‡bi cÖfve gyiMxi Ici 

Zvrch©c~Y©| 

mwÜ¶‡Yi b~b¨Zg gvb (C.D) wbY©q 

†h‡nZz †cÖvwU‡bi cÖfve we`¨gvb| ZvB Avgiv †`L‡ev †Kvb †Kvb ai‡bi †cÖvwU‡bi gv‡bi Rb¨ 

cÖfve mwÜ¶‡Yi b b¨Zg gvb| 

S.E = MSE 

m
  ; m = †cÖvwU‡bi msL¨v 

 = 1.0802 




  ; 

e

2

 = 1.166667 

 = 0.7637 

 mwÜ¶‡Yi b~b¨Zg cÖfve = S.E  t

.05;4

 

 = 0.7637  2.776 ; t

.05;4

 = 2.776 

 = 2.1202 

 

wewfbœ †cÖvwU‡bi gv‡bi µg Abymv‡i M‡oi mviwY 

Mo (†cÖvwUb) Mo cv_©K¨ mwÜ¶‡Yi b~b¨Zg cÖfve 

†cÖvwUb C = 8 

2  

†cÖvwUb B = 8 

1 2.1202 
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†cÖvwUb D = 8 

2  

†cÖvwUb A = 8 

  

 

DcwiD³ mviwY n‡Z †`Lv hvq †cÖvwUb B Gi cÖfve me‡P‡q b~b¨Zg| 

 

Abykxjb (Activity) : evsjv‡`k K…wl wek¦we`¨vj‡qi gvrm¨ weÁvb Abyl‡`i GKwU M‡elYvq 4 

wU Lv‡`¨i Kvh©KvwiZv hvPvB Kivi j‡¶¨ wbw ©̀ó gvÎvi Lvevi 16 wU gvQ‡K LvIqv‡bvi e¨e ’̄v 

Kiv n‡qwQj| gvQ¸‡jvi g‡a¨ GKB cÖRvwZi 4 wU K‡i 4 wU wfbœ cÖRvwZi gvQ wQj| Avevi 

GKB cÖRvwZi gvQ 4 wU GKB AvKv‡ii wQj| cix¶vwU‡Z jvwZb eM© wWRvBb †_‡K cÖvß gv‡Qi 

IRb (gm) Gi DcvË wb‡¤œ †`qv n‡jv- 

 DcvËwU we‡kølY Kiæb| 

 Lv‡`¨i cÖfve Zvrch©c~Y© wK bv hvPvB Kiæb| 

 

gv‡Qi IRb (gm) Gi DcvË 

RvZ 

AvKvi 

1 2 3 4 

1 A(10) B(7) C(9) D(8) 
2 B(5) C(9) D(4) A(6) 
3 C(8) D(4) A(3) B(5) 
4 D(9) A(7) B(6) C(4) 

 

 

 

mvigg© t †f`v‡¼i GKwU Dr‡mi j¤̂vjw¤f̂v‡e mvwi I Av‡iKwU Dr‡mi j¤̂vjw¤f̂v‡e ¯Í¤¢ ˆZwi 

Ki‡Z nq| Zvi ci eM©̧ ‡jv‡K mvwi I Í̄‡¤¢ GKwU Ph©v GKev‡ii †ewk cÖ‡qvM Kiv bv nq| 

Ph©v¸‡jv‡K DcwiD³fv‡e cÖ‡qvM Kiv n‡j cÖvß wWRvBb‡K jvwZb eM© wWRvBb ejv nq| jvwZb 

eM© wWRvB‡bi myweav¸‡jv n‡jv- G wWRvB‡b wØgyLx ¯ÍixKiY Kiv nq ZvB ỳcÖKvi ewnivMZ 

†f`v‡¼i Drm‡K wbqš¿Y K‡i| cÖvß Z‡_¨i we‡kølY mnR, †Kvb Z_¨ nvwi‡q †M‡j ev ev` 

co‡j Zv Zzjbvg~jKfv‡e Ab¨ wWRvBb †_‡K mn‡R wbY©q Kiv hvq| jvwZb eM© wWRvB‡bi  

Amyweav¸‡jv n‡jv- mvwi I ¯Í‡¤¢i †ewk Ph©v wb‡q G wWRvBb cÖ‡qvM Kiv m¤¢e bq| Ph©vi msL¨v 

Kg n‡j wePz¨wZi eM© mgwói gvÎv  Kg n‡e| 
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cv‡VvËi g~j¨vqb 7.5 

mwVK DË‡ii cv‡k wUK wPý () w`b| 

1| †Kvb& †¶‡Î jvwZb eM© wWRvBb e¨envi Ki‡Z nq? 

 K) cix¶‡Yi GKK¸‡jv‡Z wÎgyLx †f`vs‡Ki Drm _vK‡j 

 L) cix¶‡Yi GKK¸‡jv‡Z wØgyLx †f`vsK Drm _vK‡j 

 M) cix¶‡Yi GKK¸‡jv‡Z GKgyLx †f`vsK Drm _vK‡j 

 N) cix¶‡Yi GKK¸‡jv‡Z PZz_©gyLx †f`vsK Drm _vK‡j 

 

2| jvwZb eM© wWRvBb‡K Kx ejv nq? 

 K) m¤ú~Y© wWRvBb 

 L) eM© wWRvBb 

 M) Am¤ú~Y© wÎgyLx wWRvBb 

 N) Am¤ú~Y© wØ-gyLx wWRvBb 

 

3| PviwU Ph©vhy³ jvwZb eM© wWRvB‡b †gvU L‡Ûi msL¨v KZwU? 

 K) 36 wU 

 L) 64 wU 

 M) 16 wU 

 N) 56 wU 
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P‚ovšÍ  g~j¨vqb - BDwbU 7 

msw¶ß I iPbvg~jK cÖkœvejx 

1| †f`v¼ we‡køl‡Yi msÁv wjLyb| †f`v¼ we‡køl‡Yi Abygvb¸‡jv eY©bv Kiæb| 

2| ˆ`evwqZ eøK wWRvB‡bi msÁv wjLyb| Gi myweav I Abymweav eY©bv Kiæb| 

3| m¤ú~Y© ˆ`evwqZ wWRvB‡bi msÁv wjLyb| Bnvi myweav I Amyweav¸‡jv eY©bv Kiæb| 

4| jvwZb eM© wWRvB‡bi msÁvmn e¨vL¨v Kiæb| mwÜ¶‡Yi b~b¨Zg cÖfve cv_©K¨ wbY©q c×wZ 

wjLyb| 

5| ˆ`evwqZ eøK wWRv&Bb I jvwZb eM© wWRvB‡bi g‡a¨ cv_©K¨¸‡jv wjLyb| ˆ`evwqZ eøK 

wWRvB‡bi †f`v¼ we‡kølY Av‡jvPbv Kiæb| 

6| †f`v¼ we‡køl‡Yi Abygvb¸‡jv wjLyb| jvwZb eM© wWRvB‡bi Dcv‡Ëi we‡køl‡Yi wewfbœ 

avc¸‡jv Av‡jvPbv Kiæb| 

7| m¤ú~Y© ˆ`evwqZ wWRvB‡bi †f`v¼ we‡kølY wewfbœ avc Av‡jvPbv Kiæb| 

 

 

DËigvjv - BDwbU 7   

 

 

cvV 7.1 

 1| M 2| N 3| L 4| K 

cvV 7.2 

 1| M 2| L 3| K 

cvV 7.3 

 1| M 2| K 3| L 

cvV 7.4 

 1| M 2| L 3| M 

cvV 7.5 

 1| L 2| N| 3| M    

 

 

 



Z_¨m~Î 

¯‹zj Af& GwMÖKvjPvi GÛ iæi¨vj wW‡fjc&‡g›U 192

Z_¨m~Î 
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