
l!1'1'f I: lntroc.Jucrlon to S1ari1ti r1 

S11u1,=t.c1 Dcfir.Jta<>n and scope CQncept, <>f - s~.atu,t•~I popJb· on -: r'1 .. ~me, '~ 

MethodJ of samp:1 ng: SRS, Stratified, Sy1tematic and Clus'er sampling (Def.n/ r;r, 1 

only). Data · quanutative and quahtativc, cro-;s see1 10n.al and time-~ene,, d s,c r,..•e 

and continuous. Scales of mea.,"1Jrement· nominal, ordinal, interra l and ra·10 

1 
Clas!aification, tabulation 0f data and diagrammatic repr~enLltion of data. 

1 
Frequency d•stributions, cumulative frequency distributJons a,d their graprucaJ 

representations. Stem and leaf displays. 

UNIT II: Univariate Data Analysis 

Measures of Central Tendency: Mean, weighted mean, trimmed mean, I 

Median, Mode. Geometric and harmonic mean, properties, merits and 

demerits, relation between these measures. Measures of Dispersion: Range, 

Quartile deviation, t\1ean deviation~ Standard deviation and their relative 

measures. Moments, Skewness and Kurtosis. Quintiles ' and measures b2Sed 

on them. I 
I 

Unit-ID: Bivariate and Multivariate Analysis ~ 

Bivariate Data, Scatter diagram, Correlation, Karl Pearson's correlation I 
coefficient, Rank correlation - Speannan's and Kendall ' s measures. Sjmple 

linear regression and its properties. Fitting of line2r regression line and 1 

coefficient of deterrn.ination. 

Analy.sis of Categorical Data: Contingency table, independence and 

association of attributes, measures of association - odds ratio, Pearson's and : 

"'{ule's measure. Multivariate Data Visualization: Mean vector and 

Dispersion matrix, Multiple linear regression (Three variables only), and 

Residual variance. Multiple and partial correlation coefficients. 

Unit-IV: Elements of Probabllitv 

Random experiment, sample space and events, algebra of events. 

Definitions of Probability- Classical, statistical, subjective and axiomatic 

approaches - illustrations and applications, Addition rule, Conditional 

probability, independence of events and multiplication rule, Total 

"-yonh~l-.ilitv r nlP. R~ves theorem- aonlications. 
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, funcnon Md cumulnnt gencrntmg function•propertics .md use,S . ._ -
, l 1NIT ll: Standard discrete distributions ___ ._ __ 1_2_ 

l 1nifom1. Bt'moulli. Binon1in1. Poisson. Gromctri~ N t"\!:lti \'~ Binl,mt:il. 
Hyper gC\.1metric distributions. definitio .1. menn. vnri~ c~ m◊mcnts. 
moment gcncrnting functi0ns. recurrence rel3tion fur probabilities and 
moments for hinon1inl. Poisson. nnd Ncgnti\'c binomial di~trihuti<'ns. 
additive property, Cumulnnt gcner.,ting fun~tion. theoreric.il c.."<amplc.s. 
Unit-III: Standsrd Uni-vuriat~ continu~istrihutions 

I Rectangular. Bets. Gamm:i. nnd E.xponenti:il distribution$, dcfini~ions 
through p.d.f s. Mean. variance, mon1ents, n.--cum!nc~ relations. Additivc:-
propcrty of e.xponential and grunnu1 variates, Nom1:1l distribution and its 
properties.. Cauchy distribution. Uni•vruinte and Bi-vnrintc trnnsfonn3ti(.'n 
of variables of discrete and continuous r.mdom varfablcs. 
Unit-IV: Data Analvsis Using R -------

·--------1 Introduction to R: Instnllation. con11nnnd line environn1ent, overview of 
capabilities.. hrief mention of open source philosophy. R as u C31cuhltor: 
The four bnsic arithmetic operations. Use of pnrcnthcscs nesting up to 
arbitrary level. The power operation. Evuluation of sinlplc e.~prcssions. 
Quotient snd remainder operations for integers. Stnndnrd functions, e.g., 
sin, .:as, c.xp, log. The dift"crcnt typett of nu1nbct"! in R: Division by zero 
leading to Inf or -Int: Nru'\J. NA. No net.'d to go into detnils. Vruinblcs. 
Creating a vector using c{), seqO o.nd (X"llon operator. Ho,v functions 
n1ap over v~ctors. Functions to summwizo n vcot?r: sum, mcnn, sd, 
medinn etc. Extrncting s subset fro1n the vector (by index, by property). 
R as n grnphing calculator: Introduction to plotting. Plot(), lines(), 
ablinc(). No details about the grophics pamnleters e.~ccpt ~lour und line 
,vidth. Bnrplot, Pie chrut nnd Histognun. Box plot. Scutt~r plot Wld 
simple linear regression ush1g ln1(y,-•x). Problem~ on dtscrcto and 
con tinuo tu nmh 11h lt itv tH!l~h11tinn • 

1'2 

12 
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V . bl (Two-<limensionaJ) 
UNIT 2: Distribution of Random art-3 es . . J l . l._,_, :;c· er.Us 

. . · -' Ji · t-uc Qr. ..ir. ... ~ . 
· J · .i: ·buuc-n. \.J..in: i.mu. ~ 1 ;fl~ 

Two dimensional random vanables: omt UJSU-l • =- •. . ., ~orrdaticn .me m 0n-:c:: · 

. . J: . al r >-t:iuon.. co .... ananc.... .... 1.- - (1 ~n 
distributions of random vanablc:s. com.uuon ext'c~ _ , ,. _ .b . ;

0
n fun~r.:cr:. Tr.1n ::: r.u r-•. H l '-

. · t anu c1~L-- t..: £1 .L 

Distribution of functions of random variables u.smg m.g. · 

of variable technique (one and nvo variables). . . ~ bili. · . Start::mc'!lts of \V~J.k. L..1~.-. 

f d . . ro:umauno proc-a aes, ..., . I 
Chebyshev's inequality- proo an . rts use rn app · . .; tb~ rem ~ _ o e-:'vk...,i,r~. \ Som i:: ~:n ,:p- t: 

of Large Numbers; Convergence m law and Central Lt.ID.I -

examples) 

UNIT 3: Probability Distributions-ll 
. 8 . •a1 Hypcrgeomt!tnc- J eEniticr 

Discrete distributions: Rectangular. Geometric. Negaav~ IDOIDJ _ • 

through probability mass function, mean. variance. moments- p.g..t .. ro.g...r~. o tbl:!r prcpertI~ anu 

applications. . "1) C · ~hv -

Continuous distributions: Uniform. Gamma,. Exp9nentiaL Beta ( rype l and type - - a UL": - ~ 

definition through probability density function,. mean,. variance_ moments_ m_g.f • o ther pro~r-::r~ 

and applications_ 

UNIT 4: Sampling Distributions and Simulation 

Definitions of random sample, parameter and statistic,. sampling distribution of ~un pl~ ru~:i.c-

standard error of sample mean. 

Exact sampling distributions: Chi square distribution- mean, variance_ moments .. mode-_ aJ.u:cve

property. Student's and Fisher's t-distribution- m~ variance,.. moments and limiting: t0ru1 t.".f° c 

distribution. Snedecor's F-distribution: mean, variance and mode_ Distribution o f I.F, Rdo_tiollibi:.~ 

between t, F and x2 distributions. • 

, Introduction to simulation. Generation of random observations from Uniform~ Exrorxccia! .... 

Normal, Binomial, Poisson distributions using R-codes. 
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~;>urt c, o f <lcmoprnplrn, dntn. error, in dntn. 

c.i, unmcnt of mort:tl rty. <.n1<lc dcnth rntc. <spec ific ucnth r.11c, . ,md \ tamJ;u J 11cd ck uh mtc,. rn l.mt 

fll()llnlity rate. mntcmnl 111onnltty nitc, nco n:-atnl mor1nl1ty r:itc, . merit~ and dc mcrib .mt! c.:.omp:m \on, n l 

, ,mou.-. mor1nl11y r:-itc, 

\.1ca.~urcmcnt of Ferti lity and Reproduction: Fecundity, fertility, mca~urcment of fcrtilit> . crude birth rate. 

pcncrnl fertility rate. age.: ~~cific ferti lity rate and 101:-11 fertility rates . merits an<l demeri t-.. n f each mc:L,urc 

o f fertili ty. compur:1tive ~tudy of these measures of fertility, Cirowth r:11c~: Ci ro:-..,; rcpr<xlm:tion r:itc and Net 

rcprod11ct1on ra tes . 

Unit J: Sampling Theory IOllour-. 

Porulation and S:-implc. Need for sampling. Complete Enumeration versus Samph: Surv9s. Merits :iml 

Demerits, Non Prohahility and Probability Sampling, Need and illustrations. Use of r,.m<lom numbers. 

l'r inc ipal ~,cps in s:m1plc ~urvcy.Rcquisitcs of a good questionnain:. Pilot surveys. Sampling :m<l non -

-.:1mrling errors. Description of SRS, simple random sampling with and without rcpbccmcnt procedures. 

\ fer ih and demerit ,; of Simple random sampling. 

'\ccd fi)r .... 1r:1 tific:11ion. , 1r:11ifying facto, s. ~k1i1s :rnd dt·1111:ri1 s of ~tr:itilic<l r:111dom , :11nplin~. S~ ,tcm:1tic 

1 , 111d, ,r11 ,.1111plin1• pnit cduh.: ol ob1:1ini111! , .1111pk. \k, it~ .111d 1kllll' I it~ ot' 'i) :-. lcm.1tic r.111d1,111 , amplin~ 



DSCT 4-1 :Statistical Infcrcncc-1 

ll NIT- I· )) · . t r. . . · om r.stnnataon-1 
Content of Theory Pnpcr ~ 

1:~11nilics of <l ' t 'b • , . is n ullons- location and · l I: . . . 

56 lln 

16 Jin 
· onccpt o f order statistic , 0 . 'b .' sc.i e . am,ltcs. S.mgle parameter exponential famil y. I th s, istn ullon of max1111u d · · d · · · \ll ( r order stntisti'c (,v 'tl • m an mm11num or er stattsllcs (with proof ) ... ~ < . • I IOUt proof). 
- Onccpts o f cst11nator and estimate C . . . . >ropcrty o f consistent e ' t' ' E . n_tenn for cslmrntors: Unbrnscdncss. Consistency. Invariance Titcrio n for co . s mrnt_ors. n,cicncy and relative efficiency. Mean squared error as a mpanng estimators Suffi · t · · l1corcm. · ieicn statistics. Statement of Neyman-Factorization 

JNIT-2: Point Estimation-II 

'isher infonnation function St t . r c . . . . . . . , . . . ~ . · a ement o mmer-Rao mequahty and its appheattons. Mmnnum an~nce U1_1bmsed Estnnator and Minimum Variance Bound Estimator. 
faxmmm likelihood and method of moment estimation; Properties ofMLE and moment estimators 1d examples. Method of Scoring 

12 Hrs 

JNIT- 3: Testing of Hypotheses 18 Hrs 
.atistical hypotheses - null and altemative, Simple and composite hypotheses. Type-I andType-11 rors, test functions. Randomized and non-randomized tests. Size, level of significance, Power 
n ction, power of tests. Critical region, p- value and its interpretation. Most Powerful (MP) and 
\!IP test. Statement ofNeyman-~earson Lemma and its applications. Likelihood ratio tests. 
1rge and small samples tests of significance. Tests for single mean, equality of two means, single riance and equality of two variances for normal populations. Tests for proportions. 
"-lIT- 4: Interval Estimation 10 Hrs 
,nfidence interval, confidence coefficient, shortest confidence interval. Methods of constructing 
1fidence intervals using pivotal quantities. Construction of confidence intervals for mean, 
fercnce of two means, variance and ratio of variances, proportions, difference of two proportions 
I correlation coefficient. 

'.cferenccs 
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Duration ,1 , r .\ I ,.,n 
bH C;ursr Oul«>mt's (COs). After the succ~ssful complt-tio;;-of 1hc co~. 1h,: , 1uJ :n1 ",11 hc at-le: 10 

C. 0 I Demonstrate a nd understand mg of b;is1c COl\t'cplS of matn , al1,-.:hr.1. md11J 1ng J.:1-,nnm.ml>. 1r,c• ~ .1:-.! 

pmperttes o l ,anous l)pes of matn cc'i. 
CO! Appl~ matn\ algebra and linear nl~-cbra lt'Chntques 10 soi,., ~~,tern, oilin,·.ir cq1;Jt 1<111,. J,hsrmmc 
the rnnl.0 1 main , . understanding quadratic 1onns and their applicattons 111 ,1J1,,11,, . .:h.ir.1'11:n,1:c w,•h ..r.,t ':.:t• r 
CO• Dc,elop and understanding 01 s11nplc and multiple n:1?n.~s~1on moJd,. 11l<. luJ1ng 1hc .1,,umr11on~ 
undcr l~ mg these mode l!>. techmqucs for .nkrence and h)poth~1, h:sttn l! Jnd J1.1gn.,,1 , , ,h,-c~, a .J ,,•rr~.: 

CO I ,\ppl) r t"gr~s1on an:al~'ilS tt'-.hntqu..-, to real " orld <bta k't> 
Conte nts 
t nil I : Algebr.1 or matric.:s 11nd Jt'l.erminiaab \ re,, ,.~, t>f m iun, algebra. theorems related lo tnangular. , ~mmctn, and ,i.c:" "mmc1r,..- mJtm:c\. S O 

.. hn<!OI\JI nutnccs s ingular aoJ non-~mgular m.itn,~ anJ th.:,r rrnrcm.:~ 

,Jcmpotcnt m;icncc . rn~o · • -~•n ccs AdJoiru anJ ,n,erse of a matn, and rdatcJ paor,:ni.:< 

Trace of .i matn,. umll10 ,._ 
. , . l)e linruon. properties onJ apphcauon, u l lk1.:m11nants 10, 1rd and 

Detcnmn,mt~ an~ o l Moone~ 
1 

dctcnnananb uf order , anJ more: 11,mi: 1ran,1om1a11on, ' ~ mmctn c .mJ 

1-t••hcr nrJ rr-. ._.,atu,11100 o . " • J - '- •• rhctw-<'ffl -~tu,t<•l Jctcm 11.llll 
J - - m111\.lnt, :teuvl , . 1~=_ - - -
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- -: ~ rcncc re lated 10 regression parameters, standard c rror~ prcd i..:1iPn, 1•·-'"15 
(>ll 

, " UlllPIIOn>. · I 1 J · • - lL",h 1 ,s . d slopes. extrapolation. diagnostic checks and corrcc11on: grap 11 c:1 tee rniquo.: "· 
I 1n1erc,.:p15 "

11 
• '- ' X 

_ alit)' uncorrelatedness, homoscedasticity. lack-of-lit test ing. 1rans lorm:111L111~ ( ll1 1 n i , 
1or 1101111 • 

' (Box- Coi-, square root. log etc .) , method of weighted least squares, inverse reg rcs,;1r•~: 

Unit 4: Multiple linc;u regression 
'51.indurd Gauss Markov setup, Gauss-Markov theo rem ( wi thout proof). least squares ( LS )c :s Ii mat I on. 

,amnce-covariance of LS estimators, estimation of error variance. LS cstimat ion withrc:.tric t inn nn 

para111e1ers. Simultaneous estimation of linear parametric functions. Tes ts or hypothc!>CS l'o r 

one and more than one linear parametric functions, confidence intervals. Variable se lection pro bkrns. 

-J I s I lrs 
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,il,k 10 
,): •\lier lhc ,uccc,~lul complc11un n l the cour.c, thc,tudcnt ""'" he: 

l <) I l nder-.1.1nd c,,_,.,. d I 
, ,,,tc O\,, dcc,~mn rulCC'>. dcc1~1on pnnc1ples ond Ooyc!> and 

m1111mJ, lll·l' l\1011 rule 

l < l~ I l';1m nhou, lJM p 
~ lc,1. MLR propcn, nnd I 11..dihood rnt10 tcsb .C(fl. l.>.plorc 

.1 ,u1 ":1.1uc111rnl m fc1en1:c . 

l <)-l I CJ rn rho 1 · u nm.· ,,,mplc .ind 1,,0 -.ample nonp,1rnmc1r1c tc~h 

11 . • • . . Cuntcnb_ 60 H~ 

1111
• 1- S lat,~lrcu l Dcci .. ion Thcon l IS I !rs 

IJ:1',c ck,ncn1, ol ~11t1i'it1col l>cci,ion Prohlcm . E.l.pcctcd loss. decision n,lc~ • 

I nonr,uidom11cd anu mndom11cd ). dec ision principle~ (conditional Boyes. 

lrcquc11t1~1). 111tcrc11cc J, dee"'°" prohlcm. Loss function. ,quarcd error IOS). 1 

Ba~e, uncJ m11111n:I\ dcc"1on rule. 
\ 
1 

l ln it-2: Tc-.tillJ.! or II) polhcsis-11 

Detini1mn or UMP 1cs 1. 1"ru,;101onc likelihood ratio ( MLR) propeny. Examples of 

d1 s1r1bu1iorl\ hnv111g MLI{ propeny. Construction of UMP test using MLR propcny 

\ I S llr~ --1 

UMP le\l for !>inglc pnrame1cr exponcn1inl famil y of distributions. Lil..dihood rotio 

C LR l ti:-;1..,. LR 1c~1 for normul. e>.ponc111rnl. T, 

I l11i1 -J: Sl·q uc111i11I lnf,•rcncc 
IS Hrs 

h..el·J for ..,c::qut:nlial art.ii )~•). W.11,r.., Sl'R I . OC and ASN func1ions , example) bused 1 

on, B~rnoulli. P<li:.)Oll. No~11:1I a11d t' \p1111i.:11tial di) lrtbut1um,. \- _ 

lJ n1t-.$:Nonpu rametractes1s __ _ ___ --\-l )llrs 

Nonparamcrric and dis1ribu1 ion-free 1es1s. one sample problems: Sign test. 

Wikoxon signed runk lt'SI, "olmogoro, -Smirnov ~st. Test of randomness 

u,111 g run ,c~t. (icncral 1,, 0 '>ample problems: Woitowitz. runs test. r 

"-olmogorov Smirnov 1wo ,ample test (lor sample of equal si,c). Median ll.:st. 1 

\\ ilcoxo11- ~an11 -Whitnc) l l-1c ... 1. Several sampk prohlcms: hicd111a11·~ lc~I. 

Kru-.k:.d Wc1lli s 1c~1 
L 

? /} _ 
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