8.19

8.21
8.22

8.23

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

e | . ssc college
30 45 75
75 30T 45

Fu:n:l r.he valuc of ctu -square from the following table and test the hypothesis tha
there is no relation between the attributes A and B. Use o= 0.05

(Attributes ~ | B, B B
T T, 600 = ST 180
Jﬁn b A BRI 300 660 320
s 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.

Stafl!!ici- =nn

‘Aftributes” T cash loan
male 431 5
fenm]e 201 9

Calcu]atc the cocff'c1en[ of contingency from the following data showing

resemblance between hair colour and eye colour:

 black brown red " grey
1768 807 47 189
946 1287 53 746
115 | 438 6 288

i\ | ""“r.‘,“ﬁ""_&" ,
s T BT 113
Unit -9:. De:lg-ﬁ? &peﬂmm-c;r O

Explain the elements involved in deslgmng an Hpﬂﬂmenﬁﬂm
unit, the treatment, the replication and the respnnse

Define randomization, completely randomized design. -

Give layout plaﬁ of completely randomized deéigﬁ.

Identify the merits and demerits of completelyrandomized design.
Know the meaning of analysis of variance.
State the assumptions of analysis of variance.

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

and the errorsum of squares.

Describe and calculate the degrees of freedom for: the total sum ofsquams, L

thetreatmentsum of squaresandthe errorsumofsquares. ;om0 o

Describe and calculate thgtreatmentmeansquare,theermrmemsqum Tast :

the equality of means of several normal populations.
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Introduction to design of experiment

In our daily life, we compare things directly by using the results, which s
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
we want to compare the yield of two varieties of wheat, one is sown in the hot

~area of D.I. Khan and the second in the cold area of swat and on the basis of thejr
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
varieties it is reasonable to make a plan where both the varieties are given a fair
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
design of experiments. Experimental designs are widely used for comparing
treatments under identical conditions.

9.1.1

Explanation of basic terms

hEed TR

" A thing whose effect is measured and is compared with others is called
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

- e gy

The smallest division of an experimental material to which a treatment is
applied is called experimental unit. For example, a cow, a patient, a plot of land, a
student etc.

The results obtained from the experimenta] units ¥rieh | s
after
are called yield or responses. applying the treatment
o et o et
i Block - i
A group of homogenous experimental units e.g. land of same fertility .
of same age, weight, L.Q, etc. to which all treatments are assigned at m’ ndom is
called a block. For soil fertility blocks are always made perpendicular to variation
Generally, blocks are made by uniformity trial. Each treatment is given a cjﬂnm
in each block and each appears in a block only once. '
"'+ Uniformity trial
It is a trial or an experiment in which same treatment is given to all
experimental units and then experimental units of the same performance is
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
making blocks.

_ s Extraneous factor
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
well, some »f which can be controlled while there are some over which there is no
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.

,': "Experimental error .'
The error caused by extraneous factors which are beyond the control of human

approach is known as experimental error. It is a major problem for expe_rimrﬂtef
and is a mask on the true effect of the treatments because the observed difference

— P pe—————— Y = T ) Ai!’E



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,

9.1.2 Basic requirements or principlesiof 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 treatments 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 an
experiment is known as replication of the treatment. Replications are essential
because in all experiments, there are great variations in fertility of the
experimental units and ail the treatments do not get equal chance of experiencil%g
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 position than
those which are applied to less fertile experimental units. This type of yariation
can be eliminated by using replication process which improve the precision of
an experiment and provides a valid estimate of the experimental error.

v

s el el e Y.

E

(i) Local control = |

COEAR AR .

Local control is a procedure which maintains
experimental units within a block of an experiment,
field is a factor which affects the plant growth and
same soil fertility should constitute a block. Th

greater homogeneity of
Fnr example, soil fertility of
yield. All the plots having the

3 e soil 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
design.

Experimental design, in which the treatments are allocated pﬁmpletely at.
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.

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 25
5 6 1 %
9 1072 (s ST

Step 3: Assign treatments to the experimental units. The mdumizaﬁoq
both by lottery and random number table methods is explained as follows:

~ NOT-FOR:SSAL

P .
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Make 12 slips of paper. Write Ti on 3 slips, T2 on 3 slips, T on 3

slips, T4 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 g L e Ty ppties g e T DT

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, T2 to (06, 01, 07) experimental units, T3 to

(11, 08, 10) and T4 to (12,09,05).  The layout will appear as:
B, el STy 150 3T ol am
|&:.1?'.;;-':#7H-4 A T b PR 4

R - w6 Tporody T1T2 8715

T S [

R |

1T 1274

e N

ST

"L Its layout is very easy.

i There is complete flexibility in this design ie. 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
erTor.

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 te fail to respond.

ey

~ Unit -9: Destgn_qfixpm;“:sﬁi;—l-m

-

Vel *_m-s?ﬁp ions for analysis of variance
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e R

: Unh-m
P s =) 'Lﬁﬂ"isz'%h “home el s i o -
ape : ;i Kmml units in all
The design is suitable for a small number of treatments

CRD is seldom suitable for field experiments :

3 as compared
other experimental designs. & &3 5

We have learnt

that Z-test and t-test are used for testing hypothesis about
population mean or equality of two population means. Analysis of vari
(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.

D

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.

P i

Analysis of variance technique is based on the following assumptions. -
i) Independence

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

The populations under study have distributions which are assumed to be
normal having means i1, f4... .

I T o T |



ili)  Homogeneity
All populations under study have equal variance i.e. 0, =0;=..=0=g?
iv)  Additivity
.T!'u: random observations Xj; can be expressed as the sum of means g angq
the error terms &; as X = 4 + &

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

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

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

i gt~

) ] Ik Total
o i x]f i -xﬁ ¥ i
xn X3 o
B | LY (e o
gt e e o] Hieed L 9
T
] T.E -... T.} ‘] T.k (G’mﬂd w[ﬂl)
ugisiieliar 2 nofonle o gmindlos | g, - .
: (Grand mean) |
=]t b k. .r
4 .4\!--.# i l"‘:!’.) b - 2
(g —%.)".
;}___Zrn"x,:) ‘.Z.,E . ¢
'.‘ ek ficea) 8 (Total sum of
héz‘.".--';._u...*-'-' 3 * square)

9,3.3 Components of the total sum of squares (equal sample <
= AR sdiple size)

In one way analysis of variance the total variat; ‘ :
anation
data may be due to two meaningful components Present in the observed

i ie. () vari
treatments (samples) (ii) variation with in the samples, so th:'I' 8 SE:D; Gt
o two components as: vided in

E_r
TSS= . 2 (x,-%)
j=l =l

= within SS + Treatment S8

To obtain unbiased estimates for o divide both sides by respective
degrees of freedom to have

St=S;+8g
Or MST = MSE + MSTr

MSTr
MSE
which is used for testing Ho: u, =g, =...= i, verses

The F-Test is defined as F = with (v, =k—1 and v,=n-k) df

H\: Not all means are equal.

Ho is rejected when, F.2F,

a, (wvy) * (LT

percentage points of the F-distribution, Table 9.1.

whereas F, . .isobtained from the
9:34° Components of the total degrees of freedom

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

total degrees of freedom can also be partitioned into component pans accordingly
as below:

(=-1)=@m-B+Kk-1)
Total df = within df + between df




General procedure for testing
(equal sample size case)

For convenience all sources of variation (5.0.V), degrees of freedom (df),
sum of squares (S.5), mean squares (M.S) are presented in tabular form, called

1ypothesis in cage of one way Axor
K LIy %

ANOVA table given below:
F, i‘ Ho:#l'__ﬂ!:.":]uk
ANOVA table
OV df S.S M.S Foal —‘ Hi: Not all means are equal
.-‘..7 . ‘ I TrSS — MSTr o MSTr '
_ Treatment Eoq TSS T *=ISE & Choose an appropriate level of significance
& 8 ot ESS _mse g s
‘Bror | n-k ESS ek i — jii.  Test statistic to be used in this case is
i 2 S 292 _ MST - MSTr .
Bl il > iy Fe= o with(=k=Lv,=n-k)df
This table is used for testing hypothesis Ho: f4=/5L="""=M, in one way
iv.  Computations.
analysis of variance.
'« Formulas for sum of squnres A . Critical region: reject Ho if Fea = Fub
| e LE i :
Correction factor: CF=— vi.  Conclusion
n
k r
Total sum of squares: TSS= X L‘l x; —~CF
_}:} j=
k
2T
Treatment sum of squares: Trss=£ _—-CF
r
Error sum of squares: ESS =TSS - T:SS
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Table 9.1 (Percentage points of the F-distribution) m

4965 | 410 | 3m | 3248
5% e i in 3,
T 10 10.04 7.56 6.55 5.99 s64 Ao 514 107 ™ -._2_‘;.:_ =
At a= 1% Level of Significance TIEL DKL BT R e 2 | 506 | 494 | g
—T 241 477
10% 434 | 398 | 359 | 336 | 320 27123 | 23s | an
3.0} 30[ [— lﬂ}
n | 96 | 721 | 62 | sé1 | s; | sg | 4 295 | 2 | 233 Tag
323 2.86 266 254 | 245 89| 4 46 | 454
1 — 239 | 234 | 35 | 446
2) 1 2 3 a 5 [ 7 . 9 10 1 4.?_5 3.89 349 326 | 311 | 299 —2_3__ 20 | 235 | am
o | o3 | 69 | 595 | 541 11285 | 23 | 23 oo
5.06 482 464 215 |21
1614 | 1995 | 2157 | 2246 | 2302 | 2340 | 2368 | 2389 | 2405 | 2419 | 243 308 | 281 | 261 | 248 | 230 | 23 44 | 439 | 429 | 42
1 | aos2 | 4999 | se03 | seas | seso | seso | so28 | 5981 | 6022 | 6056 | 601 EEECEE e e ET 191- 228 |2 ] 2; | 219 |2
i : _ i e ;
291 | 495 | s36 | 558 | se2 | s82 | 589 | 594 | 599 | 602 | 604 13 | 907 [ 670 | 574 | 521 | 436 | as2 :: il bl A
1851 | 1900 | 1906 | 1925 | 1930 | 1933 | 1935, | 1935 | 1938 | 1940 | 194 34 | 276 | 236 | 248 | 235 | 228 | om 4304 419 | 410 | 40
2 | osso | o000 | 9917 | 9925 | 9930 | 9933 | 9936 | 9836 | 99.39 | 99.40 | 594 R T I TN T T 220 | 216 | 214 |2p
653 | 90 | 916 | 924 | 920 | 933 | 935 | 935 | 938 | 939 |94 i |.asd | 652 | 53 | soe | wm | ase 4:: :*:9 265 | 260 | 257
o |95z | oz | 912 |03 | ss4 | 889 | 889 | 881 | 879 |85 380 | 273 | 252 | 230 | 231 | 224 2;19 1:: 40 | 394 | 38
3 | 3212 | 3082 | 2046 | 2871 | 2824 | 2791 | 2067 | 2767 | 2735 2123 | 211 ass | 368 | 329 [ 306 | 200 | 2 | 27 212 | 210 | 208
ssa | s | 539 | 530 | 530 | 528 | 527 | 527 | o | 5@ | 3B 15 | 868 | 636 | sa2 | 4se | a9 | 4m “; 264 | 258 | 254 [ 25
; : ! Yo
2709 | 694 | 650 | 639 | 626 | 616 | 609 | 609 | 599 596 | 594 300 | 307 | 270 | 249 | 236 | 227 | 2: | 46 i? 181 | 3m
a | 2120 | 1800 | 1669 | 1598 | 1552 | 1521 | 1498 | 1498 | 1466 | 1435 144 449 | 363 | 324 | 301 | 285 | 278 | 286 2 | 206 | 204
aas | 432 | 419 | an | 405 | aor | 398 | 358 | 394 392 |39 16 | 853 [ 623 | 529 | 477 | 444 | 420 | 4m ;;: 25¢ | 249 | 246 |.
' : : 3m
ssos | 57 | 541 | 519 | 505 | 495 | 488 | 482 | 477 | 44 470 305 | 267 | 246 | 233 | 224 | 28 | 213 | 200 | 206 ':ﬁ -
s | 1626 | 1327 | 1206 | 1139 | 1097 | 1067 | 1046 | 1029 10.16 | 1005 | 996 : w3 | @ e e : 201
aos | 378 | 262 | 352 | 345 | 340 | 337 |33 | 332 | 30 3B 17 | g0 | s | sss | e ) e | ) x| am i:: 13;: :41
" 3.03 % n 52
5987 | 514 | 476 | 453 | 439 | 429 | 421 | 415 | 409 | 406 403 = 264 | 244 | 231 | 222 | 215 | 210 | 206 | 208 | 200 | 198
6 | 1375 | 1092 | 978 | 915 | 875 | 84 | 826 | 810 | 798 | 78 .79 = ”; :-25 316 | 293 | 277 | 266 | 258 | 251 | 246 | 241 | 2w
ars | 346 | 320 | 318 | an [ 205 | s | 208 | 296 | 294 |2 voy | SOU | 509 | 4s8 | 425 | 401 | 384 [ 37 | 360 | st 348
) —— 262 | 242 | 229 | 220 | 23 | 208 | 204 [ 200 | 1
55 | 476 | 435 | a2 [ 397 | 3s7 | 39 | am | 368 | 34 3 TR T 8 | 196
7 | 1225 | 955 | sas | 785 | 746 | 209 | 6969 | 684 | 672 | 662 6.4 | g | s0a A3 | 290 | 274 | 263 | 254 | 248 | 242 | 238 | 234
350 | 326 | 307 | 296 | 288 | 283 | 2m | 275 | 2m | 200 269 29 | 26 500 | 450 | 417 | 394 | 377 | 363 | 352 | 343 | 336
331 Fo 61 | 240 | 227 | 208 | 21 | 206 | 202 | 198 | 19 | 194
5318 | 446 | 407 | 384 | 369 | 358 [ 350 | 344 | 339 335 435 | 349
s |16 | ses | 39 | 700 | 6 | 637 | a18 | 6o | 591 | 581 |57 0 | 810 | sas 310 | 287 | 271 | 260 | 251 | 245 | 239 | 235 | 231
346 | 3 | 292 |-28 | 273 | 267 | 262 | 259 | 256 | 24 252 ier | 5 494 | 443 | 420 | 387 | 370 | 356 | 346 | 337 |3»
10 ———t- =" | 259 | 238 | 225 | 216 | 200 | 209 | 200 [ 196 | 14 | 1%
s17 | 426 | 386 | 336 | 348 | 331 | 320 [ 323 | 3a8 | 34 |3 | i
9 | 1056 802 | 699 | 642 | 606 | 580 | s61 | 547 | 535 | 526 5.18 % | 1y 5'5? 299 | 276 | 260 | 249 | 240 | 234 | 228 | 224 | 220
326 | 301 | 281 | 268 | 261 | 255 | 251 | 247 | 244 | 242 240 2 ; 468 | 418 | 386 | 363 | 346 | 332 | 3; | 33 [ 306
— L 22 | 253 | 232 | 208 | 200 | 202 | 197 | 193 | 189 | 187 | L85
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a1 | 332 | 202 |20 | 253 | 242 | 233 | 227 | 22 216 | 2.3 ]
30 | 756 | 530 | as1 | 402 | 370 | 347 | 330 | 347 | 307 | 288 | a9
288 | 249 | 208 | 214 | 205 | 198 [ 193 | 188 | 185 | & |, ,
: . 80 random}
a2 | 327 | 288 | 268 | 2 | 237 | 229 |22 | 216 | 212 |2 a group of 15 first year students during a momi ¥ W_by 2 teacher
as | 742 | 57 | ad0 | 390 | 350 | 337 | 320 | 307 | 297 | 287 |ag in the following table. Ting reading period and are g

286 | 247 | 226 | 212 | 208 | 196 | 150 | 186 ]| 18 | 1B | 1p

4.08 323 284 261 245 | 1M 225 218 | 212 208 | 2m
40 731 5.18 431 383 | 354 | 39 312 299 | 289 280 | 2m3
284 | 244 23 209 | 200 | 193 1.87 1.83 1.79 176 | 174
4.06 321 282 258 | 243 | 231 223 216 | 210 205 | 2m
45 123 511 | 425 377 | 346 | 323 3.07 294 | 283 274 | 213
139 192 1.86 1.82 1.78 175 | 1713
240 | 229 2.20 213 | 207 203 | 190
341 319 302 289 | 219 270 | 263
197 1.90 1.84 1.80 1.76 173 | 1M

400 | 3.15 276 237 | 225 17 210 | 204 199 | 195
60 7.08 498 4.13 334 a2 295 282 272 263 | 256
2.1 239 218 204 1.95 1.87 1.82 1.77 1.74 171 | 169

398 3.13 274 250 | 235 223 .14 207 2.02 197 | 193

4.03 3.18 .19
50 717 5.06 4.20
281 241 220

LIRS k(B

Do the data indi
w0 | 700 | as2 | 4o | 30 | 329 | 307 | 291 | 278 261 | 259 | 251 bl “; indicate that the average attention spans of the
78 | 238 | 217 | 208 | 194 | 186 | 181 | 1. 173 | 169 | 167 s are equal? Use &= 0.05 three
396 | am | zm | 219 [ 233 | 2:; | 213 | 206 200 | 195 |19 |So!uﬁon S e :
o0 | 696 | ass | ans | 356 [ 326 | 300 | 287 | 2M 264 | 255 | 2% =
68 | 165 i T
amr | 237 | 205 | 202 | 152 | 185 | 1™ | LB |1 i Ho: =g, = p,
395 | 310 | 2T 247 | 232 | 220 | 2 | 204 | 199 194 | 190 .
o0 | 693 | 485 | am | 354 | 323 | 300 | 284 2 | 261 | 252 | 245 : Hi: Not all means are equal
165 3
ot | 297 | 215 |2 | 192 | 18a | 1w |14 | 1T 167 it ——
394 | 309 | 270 | 246 | 231 | 219 | 210 | 203 197 | 193 |18 5
00 | 660 | 4z | 398 | 35 | 321 | 299 | om | 269 | 239 | 20 243 . Test statistic to be used is

276 | 236 | 214 | 200 | 191 | 183 | 178 [ 173 | 170 L_lj‘;_w

MST

Fe= —_—-MSE" ~ F -distribution withv, =k-1,v,=n-k af

(308 b

P PEm—T 1 = . ﬁﬂnewhillﬂ
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iv. Calculation: :

ANOVA table

4
AT T T Y G o ' ';.‘Fi
i g < " 3 ,-..p
- 182 = - T
;‘; v. Critical region
11354 = S J,h : ' Reject Ho if Fe > F,, whereas from §
3',‘ ) F-table 9.1
e
o 2 ;.s Faun= F =F =3.89
ne afunay) T L 0.057(202)
‘ _>2338 EE{

Vi Conclusion;

Since F. = 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).

TSS = EEx‘—CF_mB 27208.2667 = 129.7333

j=li=1

One way ANOVA (unequal sample sizes)

Practically sample sizes may not always be equal. One way ANOVA for

11334 €qual sample sizes will still be used with minor changes in the Sum“fsq"'m
1SS = L2 L _CF=—5— —2208.2667 = 58.5333 formulas as follows:

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

k
n=

* _ e i B A n_!dé-.'_

_ R R gy
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~ k
TSS = Euglx‘i ,—C.F

TSS = i L _cr

= rj

The following observations are collected using a completely randomized

design:
Samplel Sample 2 Sample3
3 i 2 2 4. 5
2 3 0 Ty | 14 S b
& 4 3 @ 7y | 196 | 361
3 2 1
2 5 i x

=1 42

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

" ' n=ri+n+rn=5+5+4=14

i _ e 1
i Hom=pmh=i cr=I: (3? =103.1429
n

H,: Not all means are equal
ii.  @=001 T5= E:Zx ~C.F =130~ 103. 1429 = 26 8571
i, Test statstic to be used is ' ;

_ o
MSTr TS88= 3y —L-CF

F=—cr mth{v, =k-1,v,=n-k)df Y

iv.  Calculation: =[T2 T +I§2- -C.F
i : h K n

P i

L -.ll.lﬁ
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=[%§+-3—§—1+% -C.F

=[39.2 4+ 722 +6.25) - 103.1429 = 14,5071 . o
ESS = TSS - T.SS - Y Rt e ﬁsﬁmﬁ;z‘f“ Lo et e
mpared with others js called

=26.8571 - 14.5071 = 12.35 »  Anything whose effect is measured and is co
Put all these values in ANOVA table we have : MRERUTENS:

= The total material or objects on which the exper s )
: ; . periment is done is kno
ANOVA table : experimental material. : wh as

*  The smallest division of an experimental material to which a treatment is applied
is called experimental unit. ' ;

»  The results obtained from the experimental units are called yield or responses..

= A group of homogenous experimental units e.g. land of same fertilit bt ol
same age, weight, LQ, etc. to which all treatment are assigned at random is call 1
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 mml _—3

Since our computed value of Fe = 6.461 lies in the acceptance region, Exper.:mental d?’“f’" IR, mmﬁ;e desi ?

e fice. e sE : experimental units is cailcd.cumpl_clclyrmdﬂ B e ookl
ANOVA is a technique which split the total variance into meaningful cc i
variances; each gives an estimate of the population variance. The ratio
component variances is distributed as F with corresponding degrees of freedom.

Gn) b G2 o -

i'. Critical region
- Reject Ho if Fe 2 F,, whereas,

Fuav= Fy, .
(From E- table 9.1)

=Fo.o|.fz.1|1 =12

vi. Conclusion:



9.1

Read the following statements carefully and indicate which statement is try,q
or false. :

i
i
is

iii.

iv.

vi.

vii.

o

Fill in the blanks.

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 to test the null hypothesis about several means,
The range of F-distribution is from 0 to o

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 used when all experimental units are
homogeneous.

Missing observation in a CRD creates a serious problem.

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
ANOVA splits the total variance is into

is the design.

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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il.

ii.

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 aboye

Randomization is a process in which treatme ocated
experimental units: v o e
() In a sequence (b) at the will of the investigaror

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

Replication in an experiment means:

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

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

Local control is a method to maintain

(a) Homogeneity among blocks (b) Homogeneity within blocks
(c) both (a) and (b) (d) all of the above
Experimental error is due to

(a) 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 g2

(a) A patient (b) A field Fl"!.st "

(¢) An animal (d) All of the above "~




9.4
9.5

9.6 What do you understand by randomization, replication and local control in

9.7

93
99

vii. Factors fertilizer, date of sowing and breeds are called
(a) Replicates (b) experimental unit
(c) 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

iii. Treatment

iv. Uniformity trial

V. Block

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.

9.10

9.11

9.12

- 9.13

9.14

9.15

9.16
units

oo mesmpean o -,ldﬂ{‘n.- y

"*'u“u_q:w

What is a completely randomized design?

completely randomized design? What are the merits and g 5 ;{-a

=

Explain the experimental layout for a completely 5 P i e
treatment and 15 experiment plots, fondomized design using 3
Write a short note on analysis of variance, ' !

What is meant by analysis of variance?
this technique is applied?

What are the assumptions under which
What do you understand by? .

i Variance among samples

ii. Variance within samples .

ifi. Total variation .
Given the data below, perform the analysis of variance and test the hmhm |
that the means of the three populations are equal. Let o= 0,05

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

'Is there a significant difference in the performance of these M?

L ot K, _ar NSRRI Aﬂ'ﬂh"l'-l‘:ﬁﬂlsm
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9 . :
17 The following data gives the figures of production of rice of three varieties A, B

C of rice shown in 12 plots

SRE N s U 23
PR 23 24 18
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

P

means are equal.

X2 X3
s 9
7 12
10 13
X0 12
_ 9 14

9.19 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

9.21

922

r’.:-' S T,

Perform analysis of variance and show if

Unit -9, Design of Bxg
"l‘lh'bisany,i

among the score of students in the three g Use mediﬁqm
. teges.Use = 0.5
9,20 Test the hypothesis that no differences exist among
the four reatments
’ ala=0,05

Given the following data obtained from a completely Wﬁgﬁ with

four treatments;

Analyse the given data and draw conclusion about the equality of
treatment effects. Use o= 0.05

The following data were obtained by using completely randomized design

a-zma'-l;.fa!?ﬁﬁi_@
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Cos:ln-uct an ANOV A table for the data. Test &= 0.05 that five population means are
equal.

9.23  Compare the following random samples.
Sample 1:17 19 4 9 10 11 4

; : i T i F (i) F iv
Sample2:12 15 6 8 10 11 12 - | | ki ((:i) = i, {h:] 1 ([: :
Sample3:20 23 9 13 15 . lkponiibte ) ool tpacd ol .
Perform ANOVA and test the hypothesis at &= 0.05 that the samples came from @) 0to1 ) gannbling P
populations having same means. _ i) P(A) 4 P(B) (i) idepeodet (o) 1-Phye LS
924  The results shown in the following table were obtained through completely : ; y 36
randomized design. i3 @ <© @ d @ e S0l 6T
i) ¢ (vii), d (viii) b ix) ¢ x b
1.5 (i) 40320 (i)6375600 (i) 10626 (iv) 3876
(v) 167960
1.7 40320, 720
1.8 60 ;
f signifi that there is no difference in the means of the I . @ eI @) s o | i
three po::f;t::n;% i e o (iv) 4989600 (v) 50400
110 330
115 . 0.50
L6 =
oo @ 3 @ g
L18 00045
@ Boow 2@ g

120 () lj (i)  0.133

o ;mr-mm




1.21

1.22
1.24

-1.25
1.26
1.27
1.28

1.29

1.30

21

22

23

2.6

()
(vi)
0]
)
(viii)’
Q)
(vi)
0]
(iv)
(vii)
(x)

092

0.0059 (ii)

1

3

0.12 (i)
1 "

s (ii)

p= 1; ,d=1

T (ii)

F (vii)

f ipir.e (i)

discrete & continuous (vi)

E(X)E(Y)

b (ii)
c (vii)
continuous
continuous

continuous

discrete

0.0045

209
210

®) p=y.d=

-

(iv)
(ix)

(iii)
T (viii)

-1

wity Gi) 5 (W
(ix)  S.DXHS.DI)

b (i) b (iv)
c (viii) b - (ix)
(ii) continuous (iii)
(v) continuous (vi)

{viii) continuous (ix)

G

joint distribution

F )

" F (x)

random variable

(vii) one
(x) : £
c w d
a (x)
discrete
discrete
discrete

R

2.10
2.11

212

213
2.14

2.15
2.17
2,18
219

220
221

1

223

1‘24‘

No, because sum of probabilities is not equal to one

@ @ @ 3 ay ]

4
b 3 () 0125 (i) 0.019
(1) 05 (i) 35 (i) 6

055, 135, 116

G 26 (i) 134 (i) L16

® 20 @ % a % @) 0178
Mean =% Variance = %1 §.D=02833

Em:z’ E(Y):ﬂlsi E{x+niilSlmnEl
@ 04l ) o024 (W) 085 v 088

_mlmﬂ'-.: nm




B o R il

2t W F & .o @p.-E- M T WM T - 327 1104 6407 15494 19983 14498 5610 g0,
(vi) F (vii)y T (viii) T @ T x) T 330 ' i

32 (1) two (i) one (i) =n (ivy nandp

(\))] np,npg(vi)  n (vii)  Oand 1(viii) random numbers

(ix)  independent (x) varies/changes i Mean =3.187,

 Variance =0.706
33° @ b G) Gy ¢ @ d M b a1 075
(vi) ¢ (vi) d (viii) a (ix) b x d 332 0213 _

3100 ® © G 029 @) 0 @v) 0936 (v) 0352 “
34t ey : 4 @ F & F @' T M.T @ F

. R R B
312 G) 0656 (i) 0891 _ 2 ® 4 G  ZNOD G Xep G do
313 () 007776(Gi) 02592 (i) 092224 (v)  zero (vi) - normal i), 10 (viil) Jm':ﬂ :
314 @)  0.60501Gi) 039499 = (ix)  Mean=0 (x) 954 :
315 0227 g A WL T, T e
3.16 0.62343 o1y .k (vii) ¢ (vili) b (@ 4 (® a
317 00005 48 () 00548 (i) 0044 (i) 0103 (¥) 0475 () 0950
219 @)  A40bols@ 6 : : : (vi) 0682 (vii) 0.006
320 n=12, p=025 49 () 05987 Gi) 02119 (i) 00668 (v) 0714
S~ Al p=0302 i A0 ® 00043 G) 00735 (i) 00103 (v) 0119 () 08771
322 No, because g =1.8 which cannot be greater than 1. (vi)  0.9850
323 @ 16 @) 09576 411 ) 2=258G)  z=lliG) 2=-175
324 mean=3, <~ variance=L6, $.D=125 412 ()  2=084(i) z=-025 (i) z=—104amd+l0i

413 )

325 () 5208, 4161, 125, 167, 008 0.1587 (i) 00228 (i) 03721

324)
373 P .. . _.-‘;A‘Imﬂ'-ﬁﬂﬂﬁﬁﬂ



A

415
4,16
4,17

4,18
419
420
421
4.22
4.23
4,24
425
426
427
4,28

5.1

52

() 09452 (i) 00548 (i) 03085 (v 06915 () 06898
(vi) 01832

01359 :

02515

@  09798=9798% (i) 03531=3531%

@) 00559 =559% '

(i) 00548 Gy 04172

@ 03446, 173 @) 03811191

@ 78 @) 629 (i) 208

09554 = 95.54%

0.1587, 159

@ 06826 () 00317

0.4706

@ 00167 (i)  0388S @ 0073

@ 9222 @ 44

MD=4

a=20

® T @ T @ F Gw EF O

e T 'R 3 m-T ®

@  finite (i) infinite (i)  census (iv) sampling error
(v)  standard error (vi)  sampling frame  (vii) more {han once

(vilh) NM (x) n<S%N

(325)

= |

6.1

6.2

6.3

atitics X0
53 @
(vi)

516 (b

517 m =73 n=50 ny=25
s ®) = heE=

520 Hx= 3.8, oy =098

521 pg=50  0x=6

s2 O z2=1 @ z=2

s23 () wu=7 0°=52 (i) 087
524 () Mg=mu=9 (ii) o =648,
526  px,-%, = 1 o3,-x, = 1.732
521 )  pg,-x, =2 O0°%,-x, = 21667
529 pp =05, 025=10.05
530 p= g =2 2y =L

531

® F @ T

(Vi) F (vii) T (viii) T
(i) random variable(ii) estimate
@)  point () unbiased
(vii)  shortest (viii) increasing (ix)
(X)  confidence coefficient

@M b (i) ¢ (i) b
M) 4

(i) d  (vii) b

.(im 5 3

ny =40
i) 1.73
oy =129
ivv F -
(ix) T (x) . F
(iii)  estimator
(vi) efficient
two
i) ¢ ™

(ix)




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

5% =58178 (i) $7=0.7667

(i X =5.9 (ii)

G  EX)=u=14 i)  E(s?)=0%=9.333
(9.84< pu < 12.16)
(0.774< p < 0.826)
(788.24< p < 811.76)
(=227 < p<267)
(63.412< p < 64.588)
(31.59< p < 54.93)
(24< py — Hz < 7.6)
(0.55<p— 1y < 1.25)
(4.3371< p < 4.4229)
(33.52< p < 35.28)
(=153 < g —Ug < 1.3)
(0.45< P < 0.75)

(0.62< P < 0.74)

i) T (vii) T (viii) F ix) T (x) F
alternative

level of significance

(i) assertion © (i) null (i)
first, second  (vi)

rejection region (ix)  rule .

Sgatistics - X - v -I q._

gig: M@ e ) a @iy b gy

a W) e
vi) @ (vii) ¢ (viii) b Gix) b ®).... b

7.10 =261, reject Hy

711 z=2.4, reject Ho

7.12 z=—2.4, reject Ho

7.13 z=2.33, reject Hp

114 z=—193, reject Ho

7.16 1=0.316, accept Ho

717 t=1.844, accept Ho

719 z=422, reject Ho I
720 z=—1334,  accept Ho |
122 1 =3.33, reject Hp
723 t =3.05, reject Hy
7.25 z2=2.19, reject Hy >
7.26 z=-0.73, accept Ho
727 z==2.1004,  accept Hy
729 z=-3.1623, reject Hy
7.30 2=9.6825,

81 () E i T @i T +@)F i T

My B )R il B i

2 O - dichowins (i)  order (i)  second (v) . zero.
D OB i o e (ot

('ﬂii:l =1to +1 (1.'()



p
=

: &3.
89

8.10
8.11
8.12

813

8.14
8.15
8.16
818
8.19
8.20
822
823

9.1

9.2

@ e i b (i)~ d

=-XI

v d ™ b
(Vi) ¢ (vil) b (viii) ¢ (ix) ¢ x) b

Q =—{.76, the association between extravagant fathers and extravagant sons js

Q =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.

y=A18.24, reject Ho
¥i=8.89, reject Ho
£P= 60.183, reject Ho
= 598.51, reject Hy
©=29.79, reject Hy
= 76376, reject Ho
»¥=3279, C =0.067
= 10485,

C =0.3681

() T @ T (i) F Gy T v T

) T i) T i) F @ T @® F
(i  experimental unit (i)  randomization (iii)  replication
(i)  extraneous factors - (V) efficient

(vi)  component variances  (vii) 1o problem

9.16

917

9.18

9.19 -
920

9.21
922
9.23
9.24
9.25

T
F.=0.277
=137

Fe=0.055
Fo=4
F.=3.333
F.=5.56
F.=2.56
F.=0.82
F:=2.10
F.=6.46

(i) a-

(viii) ¢
accept Ho
accept Ho
accept Ho
reject Hy

accept Hy
reject Mo

accept Ho
accept Hy
accept Hy

accept Hy

“(iv)
(ix)

b
d

W)
(x)



=11 probability that a population parameter is contained within 2
= terval; also called confidence level or degree of confidence.

Timits: Two numbers that are used as the high and low boundaries

trial, eith A f“*ﬂg’-"*m]:]{angc of values used to estimate some population parameter with a
aq 1 » E1NEr event 4 AL . C
Rule for determining the probabilty that 0n 8 Sngle @ dence level; also called an interval estimate:
: oth oceur. y - specific €0 : : i ined within a particular
| occurs, of event B occurs, o they b o o i ll | s=srevels Probability that a population parameter is contai p
atement that is equivalent to the negation mﬁ%@-" .
i confidence interval.

ot RS frequencies where the rows correspond to one
\iothod of analyiing popelation variances in ocdet 10 st cgeiicy tables| Table of observed fred

I f classi ( p er aﬁah]e Of CflaSSlﬁCaﬁDn;
vﬂ_fiﬂh & l]f CI&SSlflCﬂl'lUl! a"d lhe CO]uIn"S COITes Olld 1O anc ﬂh v
Ex nt “‘h a ﬁ:: ils, v wo-way table.
i i also Cﬂl.h!d at
Peli.'llle i ed num 1 pe'l]. nt tr 5 here b]

e.anhcutmme alls into exactly one of two calegories.

uity m}rwﬂ-ﬁl{— Adjustment made when a discrete random variable is bein
5 | n: .
ximated by a conti random variable.
. i gl in the ways that might affect the outcome of an appmmmated by a continuous ndo g
A group of subjects that is simi

experiment. . .

5is data: Data resulting from infinitely many possible values that correspond to
s:;r;::;n;ﬁﬁﬁ;ﬁﬁ;&a]e that covers a range of values without gaps, interruptions, or jumps.
Contin “hr;n—d‘o’;n variable: A random variable with infinite values that can be
associated with points on a continuous line interval.

% Theorem stating that sample means tend to be normally T

; [ Gifical region: = den
= A continuous probability distribution. | region: The set of all values of the test statistic that would cause rejection of the

: mull hypothesis.
> il i i ility of an event 18 - =
= ™ SEEES A ooroach in which the probabl Seacemy . v
Sfical approas il ufip;';s he event can occur by the total number of hﬂww?glulig_,:\falue shing T Sl onl s drva il vabide o s Sadb sz
ned by dividing the n : that would not lead to rejection of the null hypothesis.
possible outcomes. ' T ! R x -
§ Rule for determining the number of different combinafion® %f confidence: | Probability that a population parameter is contained within a
: m confidence interval; also called level of confiderize. ;
N - L) cur. 4 \.- _'-:-‘—.-_,_ '.
 All outcomes in which the original event does not 0¢ Mexin ﬁﬂiﬁumber of values that are free to vary after certain restrictions has
! el desien: An experiment where by each element is given the ‘_1[ m:l. S ues.,
d elonging to the different categories or treatments.
L3

Ol events: | : '
. - PObabiliies of gy, vents for which the occurrence of any one event affects the
m(‘mnbinaﬁou of simple events.

e Occurrences of the other events.

. i l m‘ﬂfﬁmﬁe'

R EGHADEOVADIY e probabilty of an event, given that some olher i :
already occurred.

221 .



Random variable with either a finite number of values or 5

countable number of values.

[IBRIGIREERERTS] Events that cannot occur simultancously.

“Il is a criterion for selection of an efficient estimator.

BRI Specific value or range of values used 10 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 sample space,

m For a discrete random variable, the mean value of the outcomes

[IEESEmenE Application of some treatment followed by observation of its effects on the
“subjects.

Tanits: Subjects in an experiment.
m Rule stating that  different items can be arranged n! different ways.

Finite populatio elor: Factor for correcting the standard error of the mean
whm a samplc size :xceeds 5% of the size of a finite population.

nda Snle: Rule stating that, for a sequence of two events in which the
firstevent can occurs m ways and the second can occur i ways, the events together can
occur a total of mn ways.

MSmemcm of claim about some property of a population.
SifEsE Method for testing claims made about populations; also called test of

e Events for which the occurrence of any one of the events docs not
ai’fed the pmbahth‘hes of the occurrences of the other events.

ere Statistics: Collection of methods that help make decisions about & populallﬂﬂ
l:asecl on sxmple results.

e Range of values used to estimate some population -
of confidence; also called a confidence interval. ;

sred fes i Hypothesis test in which the critical region is located in the tiiioes
efi-tailed fes
area of the probability distribution. SNt

“coifi jence: Probability that a population parameter is contained within a
dence interval; also called degree of confidence.

pa:ucular confi
i rule; Rule for determining the probability that event A will occur on one
mal ami event B will occur on a second trial.

o —E—y

mﬁn}'&;ﬂi‘?ﬁve events: Events that cannot occur simultaneously.
ﬁ@fﬁmﬂ;ﬂgﬁmtj. Errors from external factors not related to sampling.
Iy pothesis: Claim made about some population characteristic, usually involving the
case of no difference. :
5t Ratio of the probability of an event not occurring to the event occurring,

usua]ly e:-:pressed in the form of a: b where a and b are integers having no common
factors.

[Z0dds in favour: 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.

[ One-way _a.liﬂlysis of variance: Analysis of varianzs involving data classified into
groups according to a single criterion only.

mﬂmpl&: I WO Sam) i & values m‘
S = "H p]e Wl'ljch. are d [ldel]t m I‘l‘ll.‘-: sense ﬂ:l.at ‘h
; . E:pe ¥ 1 dﬂl& a]

[ Paramete

Arameter: /. summary measure calculated for population data.

EPBitestimate; Single value that serves as an estimate of a S m' .

RS stimate
on fom;:L ‘variance: Estimate of the variance that is common to two
¥ computing a weighted average of the two sample variances.

e being smdlehfg@-mmﬂaﬂpng The collection-of all elements whose cham:tmsnr;s_

-



is classnﬁed mtn two or more categones

Ehdomisample: Sample selected in a way that allows every member of the population
to have. Ihe same chance of being chiosen.

Randomselection: Selection of sample elements in such a way that all elememnts
available for selection have the same chance of being selected.

4

i: varighles] Variable (typically represented by X) that has a single numerical
value (dmaunned by chance) for each outcome of an experiment.

A sample tha:. contains the same characteristics as the

cunespondmg popu!auon

glitstaileditests Hypothesis test in which the critical region is located in the extreme
nght ared of the probability distribution.

m A portion of the population of interest.
@&i7es Number of items in a sample.

ﬂmh:r brdien dotin:

Sampling distribu ionof saiaple means: Distribution of the sample means that is
obta.med when we repeatedly draw samples uf the same size from the same population.

Rampling ecror: Difference between a sample result and the true population result;
results from chance sample fluctuations.

bilify Variations of a statistic in different samples.

a2

# Probability of making a type I error when conducting a h :

perimental outcome that cannot be further broken down.

3 ra!lc[&n:l samples Sample of a particular size selected so that every e
samplf-*- of the same size has the same chance of being chosen.
i@ﬂﬁr normal distribution: Normal distribution with a mean of 0 and a stan T
ldc\rj;aﬁun equal to 1
~gfandard score: Number of stand
n;m also called z-score.

ard deviations that a given value is above or below the

re calculated for sample data.

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

g e

‘stmrum
r-sﬁm‘g&ieﬂmmbmty Guess or estimate of a probability based on knowledge of
* relevant circumstances.
ﬁ‘.__ig‘ﬁ@?Col]oction of data on the elements of a population or sample.
{“Systematic sampling: Sampling in which every K" element is selected.
[“f-distribution: Bell-shaped distribution usually associated with sample data from a
population with an unknown standard deviation.

[_‘]_;e_:j*ujmdependmu{ Test of the null hypothesis that for a contingency table, the row
variable and column variable are not related. :

["!‘Es’fs’taﬂshc Sample statistic based on the sample data; used in making the decision
about rejection of the null hypothesis.

_Treatment: S
Egrﬁ‘;ﬁfaaroﬁsf Property or characteristic that allows us to distinguish the different
rom one another; used in analysis of variance.

UiYeeidiagram: Graphi e .
event, am: Graphical depiction of the different possible outcomes in a compound

CIostailed tests A .

H ;
and right extrome ypothesis test in which the critical region is divided between the left
areas of the probability distribution.



~ “Sratistics - XNl

- IPSIRERR Rejecting the null hypothesis when it is true.
EEFEEILEREOE Accept the null hypothesis when it is false.

fimators] Sample statistic that tends to target the population parameter thay iy

[iiiorm disirbatons Probability distribution in which every value of the random
variable is equ :

ally fikely.
" JNEREBIE A characteristic under study or investigation that assumes different values for
different elements.

miples: In analysis of variance, the variation among the different

HBIES! In analysis of variance, the variation that is due to chance,

[ZESEGRES Number of standard deviations that a given value is above or below the o

A]tmnaﬁve hyppth 22

Acceptance region ot
ttributes ;

J;:ssaciation of attributes ;;g

Analysis of variance i

ANOVA table

Rivariate probability distribution 56
Bivariate probability function 57
Bemoulli trial 79
Binomial experiment 82
Binomial probability mass function 82
Binomial frequency distribution 93
Bias 15
Block 204

Combination

Compound event {(]I:.-'
Complementary event
Cond.itinnal probability 4
ggzh.nuous random variable =
tinuous uniform distribution :ﬁ?
Confidence interval y B
Confidence limits s
Ence region o
C
onfidence coefficient igg

Confidence level 209
Composite hypothesis 233
Class Frequency _268
Classification of attributes 268
Contingency table 275
Coefficient of contingency 282

Completely randomized design 296

Dependent events 07
Discrete random variable 32
Discrete uniform distribution 71
Degrees of freedom 213
Dichotomy classification 268

Event

Equally likely Events
Exhaustive events
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