8.19

8.21
8.22

8.23

Can we say that education depends on sex at &= 0.05 on the basis of a randop,
sample of 300 persons classified in the following (2 X 3) contingency table:

Sex i | mdde | ssc sl
T A e e 1 45 75
female 75 - 30 . 45

Find the value of chi-square from the following table and test the hypothesis thg

there is no relation between the attributes A and B. Use = 0.05

e R 600 2250 e 180
LOET AT 300 660 320
EASE - 200 275 600

Discuss coefficient of mean square contingency for an (r x ¢) contingency table,

Find the Pearson’s coefficient of mean square contingency form the following
table of frequencies showing the gender of customer and mode of payment for
purchasing articles on a store.

‘AttributesT T cash loan
‘male . 431 5
| female. 291 9

Calculate the coefficient of contingency from the following data showing
resemblance between hair colour and eye colour:

~=1 Statistics = All

 black brown red - grey

1768 807 47 180

946 1287 53 746

115 438 6 288
Bl s s e e L ey - ﬂ

e I.I'nlt 9»531;}:51;:%@

S ERe students will ke abls to

-

"+ Describethe meaning ofthe design th'xpeﬁl'!‘l‘ﬂ..ﬂg.lz ,‘1 ,_*. s

+ Explain the elements involved in designing an é’:‘cbihﬂh'?aﬁﬁ'
unit, the treatment, the replication and the response, i

« Define randomization, completely randomized design. iy Fent __L. ]
* Give layout plan of completely randomized design. R

* |dentifythe meritsand demerits of completely randomized design.
* Knowthe meaning of analysis of variance.

* Statethe assumptions of analysis of variance.

Describe and calculate: the total sum of squares, the treatment sum of squares,
and the error sum of squares.

Describe and calculate the degrees 'of freedom for: the total sum of squares, « :

the treatment sum of squares and the error sum of squares. STt A

Describe and calculate the treatment mean square, the error meansquare. Test

the equality of means of several normal populations.

292 L
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- Unit-9: Design of Expar
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Introduction to design of experiment

In our daily life, we compare things directly by using the results, which jg
not good because these results are not only due to the effect of those things which
we are comparing but are also influenced by some hidden factors. For example, if Y~ 5T T |
we want to compare the yield of two varieties of wheat, one is sown in the hot - ot Block: it
area of D.I. Khan and the second in the cold area of swat and on the basis of their
production we say that one is better than the other is not justifiable because the
production is surely also affected by soil, amount of water, weather, cultivation
techniques, fertilizer, pesticide etc. To find the real difference between the two

The results obtained from the experimenta] un; ' "
nits. .
are called yield or responses. after applying the treatment

A group of homogenous experimental units e 2. land of 5
: ; same fertili !
of same age, weight, L.Q, etc. to which all treatments are assigned =Mt!"- students
called a block. For soil fertility blocks are always made perpendicalar m’vmm'{t’m".“‘
Generally, blocks are made by uniformity trial. Each treatment is Ve d

varieties it is reasonable to make a plan where both the varieties are given a fair in each block and each appears in a block only once.
chance to show their effects in the form of yield while all other factors, mentioned
above are kept under control. Such a plan of experiment in which all situations

except that of treatments are kept under control as much as possible, is known as It is a trial or an experiment in which same treatment is given to all

design of experiments. Experimental designs are widely used for comparing experimental units and then experimental units of the same performance is
treatments under identical conditions.

e, Unﬂ‘orm.tty tnal

consider as a block. For example, same test is given to whole class then all the

students who get first division is a block, all the students getting second division

is a block, all third division holders is a block. Uniformity trial is used only for
ey making blocks.

s Sype B S

9.1.1 Explanation of basic terms

AAEeag B E Sl sk e - S
* A thing whose effect is measured and is compared with others is called .» Extraneous factor

treatment. For example, to test the effect of feeds on cows, medicines on patients,

dates of sowing on the yield of crop, teaching methods on students, etc. Here

feeds, medicines, dates of sowing, teaching methods are treatments.

The responses from all experimental units receiving the same treatment may
not be identical even if the experiment is performed under similar conditions.
These responses are influenced not only by treatments but also by other factors as
% ; SRR well, some of which can be controlled while there are some over which there is no
- Expe | materaal control or very little control. For example, natural differences between the
experimental units like heterogeneity of soil, LQ of students, climatic factors etc.

All such factors which are not in the control of researcher are called uncontrolled
or extraneous factors.

The total material or objects on which the experiment is done is known a3
experimental material. For example, cows, patients, soil, students etc.

gt sl . ;'::Expﬂﬁmentai El
The smallest division of an experimental material to which a treatment 13
. ; The error caused by extraneous factors which are beyond the control of human
lied is called experimental unit. For exampl i t of land, 2 g Y : £
app 1::.;: pe ple, a cow, a patient, a plot o approach is known as experimental error. It is a major problem for experimenter

and is a mask on the true effect of the treatments because the observed difference

. _am

- - g Il'ﬂﬂ...ﬂ' ﬁ.I’E
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.

in treatments is a sum of the true difference of the treatments plus due to the
experimental error. Design of experiment is actually a strategy for controlling the
experimental error in order to bring out the real difference among the treatments,

Basic requirements or principles of'a good experimental design

An experimental design can reduce the experimental error only if it
follows the three requirements of a good design namely, randomization,
replication and local control.

The allocation of treatments to experimental units in such a manner that an’
experimental unit has equal chance of receiving any of the li‘eatmEI'Els is called
randomization. It is usually done by (a) using lottery method (b) using random
number table method (c) using any computer package which may perform
randomization. :

e Advantages of randomization are:
a) Eliminates the human biases.
b) Introduces the independence in the assignment of treatments to the
experimental units which in tum creates independence amongst the
observations, required for the validity of F-test.

Repetition of a treatment on a number of experimental units in i
experiment is known as replication of the treatment, Replications are essential
because in all experiments, there are great variations in fertility of fhﬂ
experimental units and il the treatments do not get equal chance of experiencing
every type of environment in tic field. If a treatment is allotted only once and 1t
goes to more fertile experimental unit,will be in more advantageous positmn. tiTarl
those which are applied to less fertile experimental units. This type of variation
can be eliminated by using replication process which improve the precision of
an experiment and provides a valid estimate of the experimental error.

2

e e ek il e el TN

E

(i) Local control |

| S A r ] -
Local control is a procedure which maintains i .
experimental units within a block of an experiment, For mlehﬂ;?ﬁ? 2;
field is a factor which affects the plant growth and yield.ew'“p 8 ty ¢

5 All the plots havi
same soil fertility should constitute a block. The soil ’ ing the,

; T L fertility of land can be.
assessed by conducting a uniformity trial on the field prior to actual field

experiment. The treatments should be assigned to the blocks in equal number of
times. Local control also called error control reduces the experimental error. Note
that all these three principles contribute a lot in increasing the efficiency of

random to the experimental units, is called completely randomized design (CRD).
In this design all the experimental units which are homogeneous, as much as
possible, are taken as a single group. Any number of treatments and any number
of units per treatment may be used. It is the simplest design.

SEiental Tayout for CRD

_-_1- e s

The layout of an experiment is the actual placement of the treatments on
the experimental units. To explain the procedure ui randomization let us consider
four treatments, each replicated three times.

Step 1: Determine the total number of plots n=rxr=4x3=12

Step 2: Assign a plot number to the experimental plots or units as follows:

1 2o
5 6
9 10"

Step 3: Assign treatments to the experimental units. The randomization
both by lottery and random number table methods is exphmed'?s follows:

~ NOT-FOR:SSAIL



Tonrall g e e i

2 slips of paper. ';N'ﬁte T on 3 slips, T2 on 3 slips, T3 on 3
slips, Ts on 3 slips and place them in a bowl and mix them thoroughly,

Draw the slips one at a time without replacement and allot to the above
experimental units serially from 1 to 12

= e s g e e e TERTRE]
%%%WP}?ELW s
Take any random number table, start from anywhere and take
twelve two-digit random numbers. Exclude the number which is greater
than 12 or which is repeated. Let the random numbers selected are: 03
02 04 06 01 07 11 08 10 12 09 05, so allot treatment T to

(03, 02, 04) experimental units, Tz to (06, 01, 07) experimental units, 73 to
(11, 08, 10) and T4 to (12, 09, 05). The layout will appear as:

T e ER o
e e T L L g o 3

6 Thndal s s Tan dnfn S8 L7

Gl o | 12Ty

¥ fts l:iifout is {;ery easy.

ii. There is complete flexibility in this design i.e. any number of
treatments and replicates for each treatment can be taken.

iii. Whole experimental material can be utilized in this design.

iv. This design yields maximum degrees of freedom for experimental
error.

v. The analysis of data, both for equal and unequal number of
replications is simplest as compared to any other design.

vi. Missing observation(s) creates no problem in analysis of data, nor
efficiency of the design affected.

vii. CRD is suitable in situations where a fraction of the units is likely to be

destroyed during experimentation or is likely to fail to respond.

-y gy
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respects.
i) The design is suitable for a small number of treatments
iii)

CRD is seldom suitable for field experiments
other experimental designs,

as compared to

population mean or equality of two population means. Analysis of variance

(ANOVA) is also a hypothesis testing procedure that is used to compare three or

more populations or treatments means. ANOVA procedure provides greater
flexibility in designing experiments, analysis and interpretation of experi 1

results to the researchers. This procedure was developed by the British statistician
Sir Ronald A. Fisher.

intone

e
DO

Measurements are taken on each experimental unit according to
characteristic of interest and its variance is calculated. This total variance is due to
various factors involved in the experiment. “ANOVA is a technique which split the
total variance in to meaningful component variances; each gives an estimate of
the population variance. The ratio of two component variances is distributed as F -
with corresponding degrees of freedom.” Thus ANOVA enables one to know
whether the variance due to a component factor is significantly more than the

variance due to experimental error or not and hence decision is made about the
null hypothesis.

93 Assum FHONS! t.:-i;._:;':nﬁhl,jfsis_df variance
Analysis of variance technique is based on the following assumptions.
i) Independence

The samples are drawn randomly and are independent of othet samples.
i) Normality o

The populations under study have distributions which are assumed to be
normal having means /i, f... M-

e wm AL



iii)  Homogeneity

All populations under study have equal variance i.e.0; =0; =...=g} = g
iv)  Additivity
The random observations X;; can be expressed as the sum of means £ and
the error terms &, as Xy= g+ &

Note that in practice minor deviations from the assumptions is tolerated
but serious violation of these assumptions will damage the ANOVA pmcedure

9.3.2 One way analysis of variance (equal sample sizes casa

The observed data of k samples collected for k treatments, each of size r

such that rk = n can be arranged in tabular form as:

a9, ot | T Nk Total
' xlz Xij T X
xn x5 Xk
X2 X Xik
g i Lot s o Ll B
T..
T-Z -... T.j 5o T.l’ I:G’mﬂ.d to[al}
_ (Gr:md mean)
' i JH o £ (x -x}.
ik E{iu—x_i}ll E{x,-.t,)’ _E(Ia"xﬂz ?:_I:;: il i
: 20t e (Total sum of

- Unit9: Design of Experiment I

Components ofithe total sum of squares (equal samp|
= ple size)

9.3.3

In one way analysis of variance the total variation
data may be due to two meaningful components 5
reatments (samples) (il) variation with in the samples, so
{o two components as:

k r
T.S58= ) (%~%)

J=l =l

Present in the observed
(i) variation among
the T.S.S is divided in

=within S8 + Treatment 85

To obtain unbiased estimates for & divide both sides by i
degrees of freedom to have perkt

Si=52483
Or MST = MSE + MSTr

The F-Test is defined as F = E;% with (v, =k-1 and v,=n-k) df.

which is used for testing Hy: 4, =L, =...= 1, Verses
H,: Not all means are equal.
Ho is rejected when, F.2F, whereas F,

a v * (v

percentage points of the F-distribution, Table 9.1.

,is obtained from the

9.3.4° '-"E'q_iﬁ_p'ﬁli-éﬁts of the total dearees of freedom

When the total sum of squares is partitioned into component parts then the

total degrees of freedom can also be partitioned into mmpoﬂﬁll pGITS accordingly
as below:

m-N=m-B+k-1)

Total df = within df + between df




For convenience all sources of variation (5.0.V), degrees of freedom (df),

sum of squares (S.5), mean squares (M.S) are prese

nted in tabular form, called

ANOVA table given below:
ANOQVA table
Eosio” df sS MS |
7 Tmmm k-1 T:SS T:SIS =MSTr | Fc= %'S%
BeBroc | .nok. | ESS %—S-MSE %
Rdess i « 5 .
”J Tow | m-1 | TSS B8 st i
; Tl_ns table is u-sad for testing hypothesis Ho: fh=th="""=H, in one way
analysis of variance.

« Formulas for sum of squares

T“Z
Correction factor: CF= 9
k r
Total sum of squares: TSS= ¥ X x ~-CF
j=li=1
i
2T
Treatment sum of squares: TrSS = "lr ~C.F
Error sum of squares: ESS =TS8 - TSS

0.3.0

iii.

iv.

vi.

ST T ——

General procedure for testing
(equal sample size case)

hypothesis ip ¢ :
¥ SIS N case of one W BOANON &

Ho: phy=p, ==l
Hi: Not all means are equal
Choose an appropriate level of significance

Test statistic to be used in this case is

F.= MS::: with (pl =k-1, vy =n—-k)d.f
Computations.

Critical region: reject Ho if Fea = Fu

Conclusion
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Table 9.1  (Percentage points of the F-distribution)

-r——ruﬁs 410/ | 3m | s |35 o e i ——
1004 | 756 | 655 | 509 | ses M| 20 Tom]
10 339 | 520 | spg
5% ifi 328 | 292 | 2B | 261 | 25: | 246 | 94 = 3 485 | a7y
ignificance :
At o= 11%  Levelof Sign [ as | 398 | 359 | 336 | 3 | ;9 -_iT'E,ST‘Tm-"-E——m—
10% 1| 965 | 720 | 622 | 561 | 532 | 507 | 459 | . 46 oo
328 | 286 | 266 | 254 | 245 | 239 | 23 | 5y, i ;_‘:‘;, 446
. . 5 o {1 T | ams | 389 | 349 | 336 | 3 | 295 [ 23 4 | ‘K-:E_sz_
! 5 3 4 5 [ 1 9.33 693 5.95 541 506 | 482 464 | 440 43 | 429 ?;;
281 | 261 | 248 | 230
o7 | 2246 | 202 | 240 | 2368 | 2389 | 2405 | 2019 | 243 204 281 28 || am | a9 |2
Vs | Bap S m} 5359 | 5850 | 5928 | 5981 | 6022 | 6056 | 608t 467 | 381 | 341 | 338 | 309 | 290 | 288 [ 27 [ oo THET
4052 | 4999 | 5403 i | am | w2 539 s04 | 599 02 | 604 13 | 907 | 670 574 521 | 486 | 462 | 444 4304 419 | 410 | 4n
1| 495 | 536 . " : 276 | 256 | 243 | 235 | 2
= 1925 | 1930 | 1933 | 1935 | 1935 | 1938 | 1940 | 194 o 28] 28 |20 | 206 | 2w | gm0
1851 | 1900 | 19 99:25 0930 | 9933 | 9936 | 9936 | 9939 | 9940 | 004 4_59 3.74 334 ES1 196 | 285 276 | 269 | 265 | 240 257
il B 99": 9 '24 g9 | 933 | 935 | 935 | 938 | 939 | o940 14 (886 [ 652 | 556 | 504 | 469 | 446 | 428 | 434 | 4gn 304 | 1
A ; : - ; 273 | 2 238 | 23
e R 12 | o013 | 894 | 889 | 889 | 881 | 879 | 875 380 e 224 | 219 |25 | 212 | 20 | 208
1013 | 9522 | 921 | 9 ot | 2231 | ey | 2o | 238 | v | s 454 | 368 | 329 | 306 | 290 | 21 | 2m | 264 | 258 | 25¢ [am
3212 | 3082 | 2946 | 2871 | 28 * e it 554 s | sm 15 8.68 6.36 542 4.89 496 | 432 41 1 400 | 389 | 38 |3m
554 | 546 539 | 534 | 531 | 528 - =TT 307 | 307 | 270 243 1 236 | 227 | 220 | 216 | 212 | 206 | 24
639 | 626 | 616 | 609 | 6 : ? '
7709 | 694 | 639 w2 | 1521 | 1ass | 1498 | 1a66 | 1435 | 1as 449 | 363 | 324 | 301 | 285 | 274 | 266 | 299 | 25¢ | 249 | 248
2120 | 1800 | 1669 | 1598 | 15 ; 398 | 398 | 3m4 | 382 |38 16 | 853 | 623 | 529 | 477 | 444 | 420 | 43 |3g9 | 37 38 |38
445 | 432 | 419 | 4n1 | 405 | 4O ] Sl T 305 | 267 | 246 | 233 | 224 | 218 | 213 | 200 | 206 | 20 | 201
6608 | 579 | 541 | 519 | 505 | 495 | 488 4.829 :;Té uiﬂs 9..% ! 445 | 359 | 320 | 29 | 281 | 270 | 261 | 255 | 249 | 285 | 24
1626 | 1327 | 1206 | 1139 | 1097 [ 1067 | 1046 | 102! adl [l o [ 840 | 611 | 518 | 467 | 43¢ | 110 | 393 |37 | 388 | 3 |3m:2
406 | 378 | 362 | 352 | 345 | 340 | 337 | 334 | 33 - — 303 | 264 | 244 | 231 | 222 | 205 | 210 | 206 | 203 | 200 | 18
o7 | 514 | 476 | 453 | 439 | 429 | 421 | 415 | 409 | 406 7-?9 441 | 355 | 306 | 293 | 277 | 266 | 258 | 251 | 248 | 24 | 2w
: , 92 | 978 915 | 875 | 847 $26 | 810 | 798 7.87 - 18 | 829 | gm 5.09 458 | 425 | 401 | 384 | 371 | 360 | 351 | 343
A m;,s 3'29 218 | 3a1 | 305 | s | 298 | 296 | 294 i 300 | 262 | 242 | 220 | 220 | 203 | 208 | 204 [ 200 | 198 | 196
3 ; : ; :
s a1z | 397 | 387 | a1 | 373 | 368 | 364 360 438 | 352 | 33 | 290 | 274 | 263 | 254 | 248 | 242 | 238 | 234
559 | 474 4-3-'; 185 | 745 | 709 | 6969 | 684 | 672 | 662 |65 Bl 818 | son | 5o | 450 | amr | 304 | am |38 | 332 | 348 | 336
> ;i: 2o | 206 | 288 | 233 | 2 | 205 | am | am |20 1 2% | 261 | 240 | 227 | 218 | 2n | 206 | 202 | 198 | 196 | 194
359 % | 39 | 335 |33 435 1 349 | 300 [ 287 [ 271 | 260 | 2: | 245 | 239 | 235 |2
446 | 407 | 384 | 369 | 358 | 350 | 3. PP 2 e
5318 ges | 355 | 701 | s | 637 | 618 | 6oa | 5o | s 2-52 810 | 585 | 494 | 443 | 420 | 387 | 370 |26 | 246 % Ik
I;j: aar | 292 |28 | 2m | 267 | 2:2 | 259 | 256 | 254 | 28 ——1 297 [ 259 | 238 | 225 | 216 | 200 | 200 | 200 | 196 | 1 uu
226 | 386 | 336 | 348 | 337 | 329 | 323 | 3as | 314 |30 N 420 | 339 | 200 | 276 | 260 | 249 | 240 | 234 | 228 | 224 s
51';; goz | 699 | 642 | 606 | 580 | s61 | 547 | 535 | 526 5:2 BT 557 | 468 | aas | 386 | 3@ | 346 [ 3| 32 31‘;: o
326 | 301 | 281 | 260 | 261 | 255 | 251 | 247 | 244 | 242 | 29 — 1292 | 253 | 232 | 218 | 200 | 202 | 197 |18 | 1890 | &

&
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417 | 332 | 202 | 20 | 253 | 242 | 238 | 227 | 22 216 |23 ]

213
30 | 756 | 530 | as1 | 402 | 370 | 347 | 330 | 347 | 307 | 288 | ag
288 | 249 | 228 | 214 | 205 | 198 | 193 | 188 | 185 | 182 |15

a12 | 327 | 288 | 264 | 249 | 23 | 229 | 222 | 216 | 202 | 28
as | 742 | 57 | ad0 | 391 | 3so | 337 | 320 | 307 | 297 | 287 |ag
286 | 247 | 226 | 212 | 208 | 196 | 150 | 186 )| 182 | 19 |17

208 | 323 | 288 | 261 | 245 | 2% | 225 | 218 | 212 | 208 | op
o | 731 | sus | am | am | ase | 39 | 32 | 299} 2891 280 | 2m
288 | 244 | 223 | 200 | 200 | 193 | 187 | 183 ] 1D | 176 |1

aos | 321 | zs2 | 258 | 243 [ 23 | 223 | 206 | 210 | 205 |20

in the following table. moming reading periog and are shown

as | 723 | s |raas | 3w | 34 | 323 | 307 204 | 283 | 274 |am
282 | 243 222 208 1.39 192 1.86 1.82 1.78 175 | 17
203 | 218 | 21 | 256 | ze0 | 229 | 220 | 213 200 | 208 | 19
so | 717 | 506 | 420 | 3m | 341 | 309 | 30 280 | 2719 | 270 |28
a1 | 241 | 220 | 206 | 197 | 190 | 14 | 180 176 | 13 | m
200 | 315 | 276 | 253 | 237 | 225 | 217 210 | 208 | 199 | 195
e | 708 | as8 | 413 | 365 | 334 [ 312 [ 295 282 | 272 | 263 |25
om0 | 230 | 218 | 206 | 195 | 1m0 | L& | L7 17 | 1 | e
308 | 313 | 274 | 250 | 235 | 223 | 2M 207 | 202 | 187 |19
Do indi
70 | 7200 | as2 | 408 | 360 | 329 | 307 | 291 278 | 267 | 259 | 251 — the data indicate that the average attention spans of the three
278 | 238 | 217 | 203 | 194 | 186 | 181 | 1.6 173 | 169 | 167 s are equal? Use a=0.05

39 | 31 2 219 | 233 | 22 213 2,06 2.00 195 | 191
80 6.96 4.88 4.04 356 | 326 | 300 287 274 2,64 255 | 248

—

7 68 | 165 i .
aqr | 237 | 215 | 202 | 192 | 1ss | 1w |15 | T 1 Ho: py=p, =1,
395 | 310 | 2n | 247 | 232 | 220 | 211 | 209 199 | 194 | 190
o0 | 693 | 435 | am | 3s4 | 323 | 301 ) 284 s | 261 | 252 |24 Hy: Not all means are equal
.6? lﬁ b4
ot | 297 | 205 | 200 | 192 | 1es | 1m0 |14 | 1T 1 i a=0.05
394 | 30 | 270 | 246 | 231 | 219 | 200 | 203 | 197 193 |18
0o | 660 | a2 | 398 [ 3s |32 | 299 | om2 | 260 | 299 250 | 248 . Test statistic to be used is
276 | 236 | 214 | 200 | 190 | 183 | 15 | 1 | 170 166 | 164
li== MST

Fim——x o

MSE F -distribution withv, =k-1,v,=n-k d.f
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iv.

e T2 U8 _on0g667
x 15

TSS = sz‘ C.F=2338 —2208.2667 = 129.7333

j=li=l

3 T
4 11334
el . aRe —2208.2667 = 58.5333
TSS == CF=——

ESS =TSS - T:SS=129.7333 - 58.5333=T1.2

b 25 _ Lot ._uf.;_

Statistits= 2%t

U Dkt

ANOVA table

V. Critical region

Reject Ho if Fe 2 F,, whereas from [§
F-table 9.1

Fub= By, o1 =Foossain =389

vi. Conclusion;

Since Fe=4.93 falls in the rejection region, therefore, we reject Ho and
conclude that average attention span of students is different for the three
treatments (types of breakfast).

93.7  One way ANOVA (unequal sample sizes)
~ Practically sample sizes may not always be equal. One way ANOVA for

“qual sample sizes will still be used with minor changes in the sum of square
formulas ag follows:

_ T,
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- k
TSS= ¥ ¥ x*,,—CF
J=li=1

T:SS = )E S_CF

l=r‘f

The following observations are collected using a completely randomized

design:
Samplel Sample 2 Sample3
3 4 2
2 3 0
4. 5 2
3 2 1
2 5

Construct an ANOVA table for the data and determine whether there is
difference in the three population means. Use &= 0.01

T
i Ho ph=ih=ph
Hy: Not all means are equal
ii. a=0.01
jii.  Test statistic to be used is

MSTr

F= = with (v, =k-1,v,=n-k)d.f

iv. Calculation:

(2001 a

T, 14
- T 196
3
2
Z X

i=1

n=n+n+n=5+5+4=14

2
crsl: =08 = _=103.1429
n 4

TSS = Zix —C.F =130 - 103. 1429 = 26.8571

j=id

3
TSs= 3l _cr

J=1 ?"F
Tl
K ."2 "g

G
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Put all these values in ANOVA table we have

Y.

- Reject Hy if Fe 2 F,,, whereas,

=[%6—+-3—§—1+5:- ~C.F

=[39.2 +72.2 + 6.25] - 103.1429 = 14.5071
ESS =TSS - T,SS

=26.8571 - 14.5071 = 12.35

ANOVA table

Critical region

Fab= Fo(, . =Foaau =72
(From F-table 9.1)
Conclusion:

Since our computed value of Fe = 6.461 lies in the acceptance region,
therefore, we accept Ho.

Gn)

A plan of experiment in which all situations except that

under control as much as possible, is known as design of ¢ o .""m"‘"i are kept
Anything whose effect is measured and s compared with others ;
{reatment. 18 called

The total material or objects on which the experiment is dane ;
1t
experimental material. known as
The smallest division of an experimental material to which e
is called experimental unit. : : et 15 applied
The results obtained from the experimental units are called yield or responses,
A group of homogenous experimental units e.g. land of same fertility, students of
same age, weight, 1.Q, etc. to which all treatment are assigned at random is called
a block.

* Uniformity trial is used only for making blocks.
_All factors which are not in the control of a researcher are called uncontrolled or

extraneous factors.

The error which arises due to the extraneous factors is called experimental error.

Design of experiment is actually a strategy for controlling the experimental error
in order to bring out the real difference among the treatments.

The allocation of treatments to experimental units in such a manner that an
experimental unit has equal chance of receiving any of the treatments is called
randomization, -
Repetition of a treatment on a number of experimental units in an experiment is
known as replication of the treatment.

Local control also called error control reduces the experimental error.
Experimental design in which the treatments are allocated randomly to the
experimental units is called completely randomized design i
ANOVA is a technique which split the total variance i“m_mm"ﬁd m?;nr;
variances; each gives an estimate of the population variance. The ratio
component variances is distributed as F with coresponding degrees of freedom.

G2 ERy



Read the following statements carefully and indicate-which statement is true
or false.

Fill
i.

i
is

iii.
iv.

vi,

vii.

&

F-distribution is a ratio of sample variances.
ANOVA is a useful technique for testing hypothesis about several means.
In ANOVA sample sizes must always be equal.
In ANOVA it is assumed that the populations from which samples are drawn
are normally distributed
F-test is used in ANOVA (o test the null hypothesis about several means.
The range of F-distribution is from 0 to e,
The plan of an experiment which controls all factors, as much as possible
except the treatment is called design of experiment.
Larger the experimental error, more efficient is the design.
A completely randomized design is vwsed when all experimental units are
homogeneous.
Missing observation in a CRD creates a serious problem.
in the blanks.
A subject receiving a treatment in an experiment is called

The allocation of treatments to experimental units with equal probability
known as "

The number of times a treatment is repeated in an experiment is called its

Experimental error is the error caused by
Smaller the experimental error, more is the design.
ANOVA splits the total variance is into

Missing observation in a completely randomized design creates

Error sum of squares be negative.

The average performance of a treatment is better reflected through

The designs of experiments were originated mainly for

G
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Sratistics - X1l

ii.

iii.

iv.

vi.

vii.

Choose the correct answer,

An experimental design is

{a) An architect (b) a map

(c) a plan of experiment (d) all of the abgye
x| S 1 o
(a) In a sequence (b) at the will of the investigaror

(c) With equal probability (d) wiﬂ_l unequal probability

Replication in an experiment means:

(a) The number of times a treatment occurs in an experiment
(b) The numbers of blocks

(¢) Total number of treatments
(d) The reduction of blocks

Local control is a method to maintain

(a) Homogeneity among blocks (b) Homogeneity within blocks
(¢) bath (a) and (b) (d) all of the zbove
Experimental error is due to

(2) Variation in treatment effects (b) extraneous factors

(c) Experimenter’s mistake (d) lack of experience
Completely randomized designs are mostly used in .

(a) Pot experiments (b) Experiments on animals
(c) Field experiments (d) all of the above

An experimental unit in a research work is 2

(a) A patient (b) A field plul,sf :

() A aiinil (d) All of the above "~
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9.4
9.5

9.6

9.7

938
99

vii. Fﬂctﬂfs fertilizer, date of sowing and breeds are called
(a) Replicates (b) experimental unit
(¢) Treatments (d) All of the above
ix. Local control in the field is maintained through
(a) Natural factors (b) Randomization
(c) Replication (d) Uniformity trials
X. Randomization in an experiment helps the researcher to eliminate

(a) Dependence among observations
(b) Systematic influences
(c) Human biases
(d) all of the above
Describe the design of an experiment in your own words.
Define the following.
i Experimental material
i. Experimental unit
fid. Treatment
iv. Uniformity trial
V. Block
What do you understand by randomization, replication and local control in
experimental design?
i. What is meant by experimental design?
ii. What are the basic principles of design of experiment?
Discuss and define (a) Extraneous factor (b) experimental error.
Discuss the need and utility of planning a statistical experiment.

910 What is a completely randomized design?
completely randomized design?

9.11  Explain the experimental layout for comyp rand ;
treatment and 15 experiment plots, ] ety i "ﬂianusings

9.12  Write a short note on analysis of variance,

- 9,13 What is meant by analysis of variance?

this technique is applied? What are the assumptions under which :

9,14 What do you understand by? l
i Variance among samples
ii. Variance within sampleg

iti. Total variation .
9.15  Given the data below, perform the analysis of variance and test the ;
that the means of the three populations are equal. Let .= 0,05 hypothesis

9.16  Four salesmen were posted in different areas by a company. The numbers of
units  of commodity “x” sold by them are as follow:

'Is there a significant difference in the performance of these salesm_ 7

‘?@.—ﬂlf‘u—l N ,.a I = T =] ‘Aﬂfﬂiﬂ":ﬂmhﬁ



e R Ry el )

9 . .
“17  The following data gives the figures of production of rice of three varieties A, B,

L7 7=
- -

Unit - Design of gy

Perform analysis of variance and show if there is

C of rice shown in 12 plots amoug the soors of students inhmmmmﬂiﬂf;‘%
- ‘est the hypothesis that no diff i
iz 15 2 3| ms - TR 7098 the four reatueats 4 s,
19 - za 24 1_3_
: 16 19 31 22

Carry out the analysis of variance and test 5% level of significance that is there a
significant difference among varieties?

9.18  The three samples below have been obtained from normal populations with equal

variances. Test the hypothesis at 5% level of significance that the population 921  Given the following data obtained from a completely . .

_ four treatments;
i I Xz A3
7 ;
7 . 12
10 13
"9 12 Analyse the given duata and draw conclusion about the equality of
treatment effects. Use o= 0.05
2 b 9 14 ;
s 9_ ; 922 The following data were obtained by using completely randomized design

919 A test was given to 5 students chosen at random from the first year statistics class
each of the three colleges in Peshawar. Their scores were found as follow.

70 60
40 50
50 60




CO::Itmct an ANOVA table for the data. Test ez=0.05 that five population mza;:ls are
equal.

923  Compare the following random samples.

Sample 1: 17 19 4 9 10 11
Sample2:12 15 6 § 10 11 12

Sample 3:20 23 9 13 15

Perform ANOVA and test the hypothesis at a= 0.05 that the samples came from

populations having same means.

924 The results shown in the following table were obtained through completely
randomized design.

Test at 1% level of significance that there is no difference in the means of the
three populations.
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2.1
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26
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]
(vi)
0]
v
(viil)’
0]
(vi)
]
(iv)
(vii)
(x)
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0.0059 (ii)

&
3
0.12 (i)

T (i)
F (vii)

finite (i)

discrete & continuous (vi)

E(X)E(Y)

b (i)
c (vii)
continuous
continuous
continuous
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0.0045

209
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F (i) T
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b () b
c (viii) b
(ii) continuous
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discrete
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No. because sumi of probabilities is not equal to one
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6.9

6.10
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.23
6.24
6.25
6.26
6.27
6.28

71

7.2

st =548178 (i) 7 =0.7667

@  X=59 (i)

i E(X)=p=14 Gi) E(s)=0%=9.333
(9.84< p < 12.16)
(0.774< p < 0.826)
(788.24< u < 811.76)
(=227 < p<267)
(63.412< p < 64.588)
(31.59< p < 54.93)
(24< py — pp < 7.6)
(0.55< pz — Py < 1.25)
(4.3371< p < 4.4229)
(33.52< p < 35.28)
(=153 <y —Hp < 1.3)
(0.45< P < 0.75)

(0.62< P < 0.74)
(~0.206 < P, — P,<~ 0.120)

) F (i T -(iii) F (ivy F v T

(vi) T (vit) T (viii) F ix) T x)y F
(i) assertion (ii) null  (iii)  alternative
(iv)  composite (v)  first,second  (vi)  levelof significance

(vii) 0,1 (viii) rejection region (ix)  rule

(x) degrees of freedom

7.3

7.10
7.11
7.12
7.13
7.14
7.16
7.17
7.19
7.20
7.22
7.23
71.25
7.26
727
7.29
1.30

8.1

8.2

(i
(vi)

(i)
(vi)
(i)
(v)

(viii)

c (ii)

a (vii)

z=2.61,
z=24,
z=—21H,
z=2.33,
z=—1.93,
t=10.316,
t=1.844,
z=4.22,
z=—1.334,

a (i) b Q). coa o
c (viii) b G b &
reject Hy

reject Ho
reject Hy
reject Ho
reject Hy
accept Hy
accept Hy
reject Hy

Mﬂﬂpl Hu

t=3.33, reject Ho

1+ =3.05, reject Hy

z=2.19,
z=—0.73,
z=—2.1004,
z=-3.1623,
2 =9.6825,

F o (i)
Fo (vii)

dichotomous
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-lto+1
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accept Hy
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reject Hy

reject Hy
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T Gi) T G F ™. T
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(vi) zero (vii) notsame -
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8.10
.11
8.12

813
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8.15
8.16
" 'B.18
8.19
8.20

822°
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9.1

‘9.2

@ ¢ @ b

vi) ¢ (vii) b

Q =—0,76, the association between extravagant fathers and extravagant sons ig

negative.

P

(v) d v b
(ix) ¢ ) b

iy d

(viii) ¢

@ =0, attributes A and B are independent.

0 =0.46, there is positive association.

Q = 0.9, there is high degree of positive association between intelligent fathers

and sons.

Q = —0.57, it means that vaccine and small-pox are negatively associated

i.e. vaccine prevents the attack of small-pox.

A= 4824,
yi= B89,
= 60.183,
= 59851,
£=12979,
¥i= 76376,

¥2= 3279,
F= 104835,

M T @ T
(vi)y T (vii) T
0] experimental unit
(iv)  extraneous factors -
(vi)  component variances
(viii) can never

(x)  field experiments

=, o e L W | |
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Seatistics - XII-

Rule for determining the probability that, on & single trial, cither event A

urs, or event B occurs, or they both occur.

Statement that is equivalent 10 the negation of the null

Method of analysing population yariances in order o test

means of populations.
Experiment with a fixed number of independent trials, where
each outcome falls into exactly one of two categories.

A group of subjects that is similar in the ways that might affect the outcome of an

experiment. |
“ Collection of data from every element in a population.
' e Theorem stating that sample means tend to be normally

= o continuous probability distribution.

Approach in which the probability of an event isf
number of ways the event can occur by the total pumber ©

® Rule for determining the number of different combinations of

G All outcomes in which the original event does not occur.

: An experiment where by each element is EiVer the
same chance of belonging to the different categories or treatments.

wﬂaﬁu of simple events.

; has
The probability of an event, given that some other event

already occurred.

2139

Probability that a population parameter is contained within a
'nal' also called confidence level or degree of confidence.

e ﬂjﬁﬁﬁ wo numbers that are used as the high and low boundaries
T prICe | | . f I_.-

confidence interva . | .
Eﬁﬁ‘m _EiRangc of values used 1o t;.stt::::atc :Gme population parameter witha

rnce level: alled an interval estimate.
: nfidence jevel; also ¢
SPecgﬁc co

m&i&'}eﬁ Probabilit
able: Table of observed frequencies where the rows correspond to one

T

£ classification and the columns correspond to another variable of classification;

y that a population parameter is contained within a particular

yariable 0
also called a two-way table.

~sorrection: Adjustment made when a discrete random variable is being
apprﬁ;iﬁﬁi;a by a continuous random variable.

ious datas Data resulting from infinitely many possible values that correspond to

suﬁ?&nﬁnﬁﬁus scale that covers a range of values without gaps, interruptions, or jumps.

3 AT

“random variable: A random variable with infinite values that can be

associated with points on a continuous line interval.

A

j g an
.
g 5

tha al value: Value separating the critical region from the values of the test statistic
t would not lead to rejection of the null hypothesis.

. Probability that a lati . 3 sares
Particular confidence int Y population parameter is contained within a

i erval; also called level of confidence. ;
m&;&fh‘-‘ﬂm Number of v

imposed alues that i el
been impogeq on all valyes, are free to vary after certain restrictions has

e
Lk e |

x-m: E\f.e,nts for

which the occurrence of an
y one event affects the
currences of the other events.

e: Sa
Mple whose values are related to the values in another sample,



Random variable with either a finite number of values or 5
countable number of values.

m Events that cannot occur simultaneously.
IEERREIERER 1t is a criterion for selection of an efficient estimator.

PESERARE Specific value or range of values used (0 approximate some population
parameter. :

m Sample statistic (such as the sample mean) used to approximate a population
parameter.

“The collection of favorable outcomes to a happening from the samplc space,

[EREEIEIANGE! For a discrete random variable, the mean value of the outcomes

[EEBHERERE Application of some treatment followed by abservation of its effects on the
subjects.

mits: Subjects in an experiment.

m Rule stating that a different items can be arranged n! different ways.

Finite populati Factor for correcting the standard error of the mean
whm a samplc size . exceeds 5% of the size of a finite population.

e e eGaEREIE: Rule stating that, for a sequence of two events in which the
ﬁ:steventcan occurs m ways and the second can occur 7 Ways, the events together can
occur a total of mn ways.

BSHFHEMRESIE Statement or claim about some property of a population.

PETEAREISTESE Method for testing claims made about populations; also called test of
s;gmﬁcannc.

AERSTEREE Events for which the occurrence of any one of the events does not
aﬂ'ect lhe, pmhabihucs of the occurrences of the other events.

fistics: Collection of methods that help make decisions about & population

) estimates Range of values used to estimate some population .
Ec vcl of confidence; also called a confidence interval. parRmCOET
Tailedest Hypothesis test in which the critical region is 1 — T
efi-tatled H
area of the probability distribution. extreme
&W Probability that a population pa — .
pa:ucular confidence interval; also called degree of confidence. tained within
giFuléi Rule for determining the probability that event A will occur on one

,ml an& event B will occur on a second trial.

FMafually exclus

[NGrEEwpling errors: Errors from external factors not related to sampling.

v events: Events that cannot occur simultaneously.

jihigsis: Claim made about some population characteristic, usually m\rol\rmg the
case c—f no dnffere:nce

{ Ratio of the probability of an event not occurring to the event occurring,

usua.lly e:pﬂ:ssed in the form of a: b where @ and b are integers having no common
factors.

{Z0dds in fayour: Ratio of the probability of an event occurring to the event not occurring,
usually expressed as the ratio of two integers with no common factors.

[[Oné-way analysis of variance: Analysis of variencz involving data classified into.
groups according to a single criterion only.

[TPaived samplés: Two sample which are dependent in the sense, that the data values are
matched by pair,

s )
EPafameter: £ summary measure calculated for population data.

m Eﬁ;ﬂmng* Single value that serves as an estimate of a population parameter,

pgpuhum fo 'd*“f— variance: Estimate of the variance that is common to two
A und by computing a weighted average of the two sample variances.

e

iuehemg studied, Bopulation: The collection-of all elements whose characteristics

333 J ‘ ‘
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pondmg ptubab le

EREEEBABIIE Measure of the likelihood that a given event will oceur expressed as g
number between 0 and 1.

. 3 jcal’variable: A variable that cannot assume numerical values byt
is ciass:ﬁed :n!n two or more categanes

i TEample: Sample selected in a way that allows every member of the population
to have the same chance of being cliosen.

Random selection: Selection of sample elements in such a way that all elemems
available for sc]ocnon have the same chance of being selected.

sREHdGHvALAble: Variable (typically represented by X) that has a single numerical
value (dc‘h:nnmcd hy chance) for each outcome of an experiment.

Entative. samples A sample r.haJ. contains the same characteristics as the
cur:espondmgpapuiauon

Ripht-tailed test Hypothesis test in which the critical region is located in the extreme
ught area of the probability distribution.

m A portion of the population of mterest
ize% Number of items in a sample.

IEEpace: Set of all possible outcomes or events in an experiment that cannot be
ﬁ.lrtbzr broken down.

Fvey: A survey that includes elements of a sample.

i o[ proportion:] The probability distribution of sample
mpomnns wuhallsamples hawngihesamesample size n.

of Satnpie means: Distribution of the sample means that is
obtamed when we repeatedly draw samples of the same size from the same population.

“Ramplit i Difference between a sample result and the true population result:
r&sults from chance sample fluctuations.

hility? Variations of a statistic in dxffercm samples.

e S
3 Probability of making a type I error when conducting a b -
f: Experimental oulcOME that cannot be further broken down

mw sample: Sample of a particular size selected so that every possible
mp': of the same size has the same chance of being chosen,
sal

 mormal djsu-iliilﬁon' Normal distribution with a mean of 0 and a standard

dewauon equnl tol

ard seore: Number 0
m:aﬂ als[) Callcd g-5COre.

measure calculated for sample data.
tf&ﬁtﬁﬂ . A SUMImary

f standard deviations that a given value is above or below the

I

sampling: The sampling method in which samples are drawn from each

stratum.
rg.ihj&’ugepmhabmty Guess or estimate of a probability based on knowledge of
‘ relevant circumsiances.

fstiryey: Collection of data on the elements of a population or sample.
{ Systematic sampling: Sampling in which every k" element is selected.

[Vfdistribution: Bell-shaped distribution usually associated with sample data from a
population with an unknown standard deviation.

[ Teitof independence: Test of the null hypothesis that for a contingency table, the row
variable and column variable are not related. -

mﬁgﬂﬁsﬁt Sample statistic based on the sample data; used in making the decision
about rejection of the null hypothesis.

eafments Property or characteristic that all
ows us to distinguish the different
POPu]atms from one another; used in analysis of variance.

event, ram: Graphical depiction of the different possible outcomes in a compound

TV aled test S .
and right “mmHJ'pmhes;s test in which the critical region is divided between the left
areas of the probability distribution.




EBETEEIRS Rejecting the null hypothesis when it is true.
BE¥BEIEHOR Accept the null hypothesis when it s false.

3] Sample statistic that tends to target the population parameter that iy

Confidence IWEI-th . ?',_;,gg.
hiased estim! ite hypo! es1s
e e
Rl ASRBUEBAY Probability distribution in which every value of the random - (ive hypothesis g’; Classification of attributes %f}g
varisble is equally likely. :Lce-ptnnw region 267 Conting_eﬂcy ;a bleﬁn ency 282
! = investigation that assumes different values for : Coefficient of conting :
ﬁm i m:mT i i;?::l':at:m of attributes %;g Completely randomized design 296

i 1ance
&% In analysis of variance, the variation among the different Analysis of varian

301
o ANOVA table M
samples.

[EVRREHOR WA SApIEs; Ln analysis of variance, the variation that is due to chance.

Dependent events 07
jati iven value is above or below the mean - Bivariate probability distribution 56 Discrete random \Eﬂﬂ!}t:eﬁon ‘:'-1?21
eSS Number of standard deviations that a given Value 13 : Rivariate probability function 57 Discrete uniform distribu
Bemoulli trial 79 Degrees of freedom 213
Binomial experiment 82 Dichotomy classification 268

Binomial probability mass function 82

Binomial frequency distribution ?gﬁ _

Bias 294 Event 06
B:lock _ Equally likely Events 07
: Exhaustive events 07
Esimaton 04
Combination 04 Estimator 195
Compound event 07 Estixn.laie 195
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