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Standard Deviation :

Standard of Error of mean : =

Coefficient of Variation : CV (%) =
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1. INTRODUCTION

ii.. BiostatisticsBiostatistics :: BiostatisticsBiostatistics hashas beenbeen defineddefined asas thethe applicationapplication ofof statisticalstatistical methodsmethods

toto biologicalbiological sciencessciences.. Therefore,Therefore, aa goodgood understandingunderstanding ofof biostatisticsbiostatistics isis essentialessential asas

thethe methodsmethods ofof biostatisticsbiostatistics areare indispensableindispensable toolstools forfor thethe designdesign andand analysisanalysis ofof datadata

andand inin thethe interpretationinterpretation ofof experimentalexperimental resultsresults forfor dependabledependable conclusionsconclusions..

ii. Data: The first step of biostatistical study is the collection of data, such as age,

weight, height, body temperature, blood pressure, marital status etc. These
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weight, height, body temperature, blood pressure, marital status etc. These

characteristics are referred to as variables and the values of the observations recorded

for them are referred to as data. There are two types of biostatistical data.

Primary data and Secondary data

iiiiii.. ParameterParameter :: InIn respectrespect ofof anyany variable,variable, thethe numericalnumerical quantitiesquantities whichwhich characterisecharacterise aa

populationpopulation areare calledcalled parametersparameters ofof thethe populationpopulation.. ForFor example,example, ifif thethe variablevariable isis

lengthlength andand thethe measurementsmeasurements ofof lengthlength areare takentaken forfor aa largelarge populationpopulation ofof animalanimal oror

plant,plant, thethe meanmean lengthlength cancan bebe regardedregarded asas parameterparameter..
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iviv.. VariableVariable :: TheThe specificspecific characteristicscharacteristics likelike age,age, sex,sex, height,height, weightweight etcetc.. whichwhich maymay bebe

assessedassessed forfor aa certaincertain populationpopulation areare referredreferred toto asas variablesvariables.. VariablesVariables maymay bebe categorizedcategorized

furtherfurther asas qualitativequalitative oror quantitativequantitative variablesvariables..

v.v. PopulationPopulation :: TheThe populationpopulation inin aa statisticalstatistical investigationinvestigation refersrefers toto anyany wellwell defineddefined groupsgroups

ofof individualsindividuals oror ofof observationsobservations ofof aa particularparticular typetype.. ForFor example,example, allall plantsplants ofof aa varietyvariety

ofof wheatwheat presentpresent inin oneone acreacre ofof land,land, referredreferred toto asas populationpopulation.. SimilarlySimilarly allall fishesfishes ofof oneone

speciesspecies presentpresent inin aa particularparticular pondpond andand alsoalso allall patientspatients ofof aa hospitalhospital ofof DelhiDelhi maymay bebe

consideredconsidered asas populationpopulation.. ExampleExample:: FiniteFinite andand InfiniteInfinite populationpopulation..
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consideredconsidered asas populationpopulation.. ExampleExample:: FiniteFinite andand InfiniteInfinite populationpopulation..

vivi.. SampleSample :: InIn ourour dayday--toto--dayday life,life, wewe adoptadopt thethe samplingsampling techniquetechnique almostalmost everyevery momentmoment

ofof ourour existenceexistence.. InIn medicalmedical sciences,sciences, aa fewfew dropsdrops ofof bloodblood areare takentaken andand testedtested

microscopicallymicroscopically oror chemicallychemically toto knowknow whetherwhether thethe bloodblood containscontains somesome abnormalitiesabnormalities oror

notnot.. WhateverWhatever isis observedobserved inin thethe fewfew dropsdrops isis truetrue forfor thethe wholewhole bloodblood ofof thethe bodybody.. FromFrom

thethe aboveabove discussion,discussion, itit isis apparentapparent thatthat aa fewfew itemsitems areare selectedselected fromfrom thethe populationpopulation inin

suchsuch aa wayway thatthat theythey areare representativerepresentative ofof thethe populationpopulation.. SuchSuch aa sectionsection ofof thethe

populationpopulation isis calledcalled aa samplesample andand thethe processprocess ofof selectionselection isis calledcalled samplingsampling..
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“Sample“Sample maymay bebe defineddefined asas fractionfraction ofof aa population,population, drawndrawn byby usingusing aa suitablesuitable

methodmethod soso thatthat itit cancan bebe regardedregarded asas representativerepresentative ofof thethe entireentire population”population”..

vii.vii. SizeSize ofof thethe SampleSample:: InIn agricultural,agricultural, biologicalbiological andand alsoalso medicalmedical sciences,sciences, thethe sizesize

ofof thethe samplesample playsplays anan importantimportant rolerole.. TheThe sizesize ofof thethe samplesample isis thethe numbernumber ofof

samplingsampling units,units, whichwhich areare selectedselected fromfrom aa populationpopulation forfor investigationinvestigation.. IfIf thethe

sizesize ofof thethe samplesample isis small,small, itit maymay notnot representrepresent thethe populationpopulation andand itit willwill notnot

bebe possiblepossible toto ascertainascertain thethe accuracyaccuracy ofof resultsresults.. OnOn thethe otherother hand,hand, ifif thethe sizesizebebe possiblepossible toto ascertainascertain thethe accuracyaccuracy ofof resultsresults.. OnOn thethe otherother hand,hand, ifif thethe sizesize

ofof thethe samplesample isis large,large, greatergreater willwill bebe thethe representationrepresentation ofof thethe itemsitems ofof thethe

populationpopulation inin itit andand itit willwill bebe quitequite difficultdifficult toto managemanage.. Therefore,Therefore, thethe samplesample

sizesize shouldshould bebe neitherneither tootoo bigbig nornor tootoo smallsmall.. ItIt shouldshould bebe “optimum”“optimum”..

However,However, “An“An optimumoptimum samplesample isis oneone whichwhich fulfilsfulfils thethe requirementsrequirements ofof

efficiency,efficiency, representativeness,representativeness, reliabilityreliability andand flexibilityflexibility..

WhenWhen thethe sizesize ofof thethe samplesample isis small,small, thethe differencedifference willwill bebe relativelyrelatively highhigh..

However,However, inin thethe samplessamples ofof largelarge size,size, thethe variancevariance willwill showshow littlelittle differencedifference..

Therefore,Therefore, whilewhile computingcomputing variancevariance whenwhen thethe samplesample sizesize isis lessless thanthan 3030,, oneone

shouldshould dividedivide itit byby nn--11 toto obtainobtain anan estimateestimate ofof variancevariance..
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viiiviii.. ClinicalClinical trialstrials :: AA clinicalclinical trialtrial isis anan experimentexperiment thatthat seeksseeks toto determinedetermine thethe

effectivenesseffectiveness ofof aa newnew drugdrug oror treatmenttreatment underunder controlledcontrolled conditionsconditions.. AA clinicalclinical
trialtrial involvesinvolves aa comparisoncomparison ofof twotwo oror moremore comparablecomparable groupsgroups ofof patientspatients.. TheThe
treatmenttreatment group,group, whichwhich receivesreceives aa potentiallypotentially therapeutictherapeutic agents,agents, isis comparedcompared
withwith aa similarsimilar controlcontrol group,group, whichwhich receivesreceives aa placeboplacebo.. InIn suchsuch typetype ofof study,study,
thethe investigatorinvestigator isis interestedinterested notnot onlyonly inin establishingestablishing comparablecomparable groups,groups, butbut
alsoalso inin limitinglimiting thethe amountamount ofof biasbias enteringentering aa trialtrial.. OneOne wayway toto dodo thisthis isis totoalsoalso inin limitinglimiting thethe amountamount ofof biasbias enteringentering aa trialtrial.. OneOne wayway toto dodo thisthis isis toto
designdesign thethe experimentexperiment asas aa singlesingle--blindblind studystudy.. InIn thisthis typetype ofof experiment,experiment, thethe
patientpatient doesdoes notnot knowknow whetherwhether hehe oror sheshe isis inin thethe treatmenttreatment oror thethe controlcontrol
groupgroup.. TheThe otherother betterbetter wayway isis toto designdesign itit asas aa doubledouble--blindblind study,study, inin whichwhich
neitherneither thethe patientpatient nornor thethe experimenterexperimenter knowsknows toto whichwhich groupgroup thethe patientpatient isis
assignedassigned.. AA neutralneutral personperson keepskeeps thethe codecode asas toto whosewhose whowho andand disclosesdiscloses itit
onlyonly atat thethe endend ofof datadata collectioncollection..
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Phases of Clinical Trials
Phase 0 trials : They are the first-in-human trials. Single subtherapeutic doses of the study

drug are given to a small number of subjects (10 to 15) to gather preliminary data on the

agent’s pharmacodynamics (what the drug does to the body) and pharmacokinetics (what

the body does to the drugs).

Phase I trials: Researchers test an experimental drug or treatment in a small group of

people (20–80) for the first time. The purpose is to evaluate its safety and identify side

effects.
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effects.

Phase II trials: The experimental drug or treatment is administered to a larger group of

people (100–300) to determine its effectiveness and to further evaluate its safety.

Phase III trials: The experimental drug or treatment is administered to large groups of

people (1,000–3,000) to confirm its effectiveness, monitor side effects, compare it with

standard or equivalent treatments, and collect information that will allow the experimental

drug or treatment to be used safely.

Phase IV trials: After a drug is approved by the FDA and made available to the public,

researchers track its safety, seeking more information about a drug or treatment’s risks,

benefits, and optimal use.
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2.  MEASURES OF CENTRAL TENDENCY AND DISPERSION2.  MEASURES OF CENTRAL TENDENCY AND DISPERSION

ii.. IntroductionIntroduction

AlthoughAlthough frequencyfrequency distributionsdistributions serveserve usefuluseful purposes,purposes, therethere areare manymany situationssituations thatthat

requirerequire otherother typestypes ofof datadata summarizationsummarization.. MeasuresMeasures ofof centralcentral tendencytendency areare

sometimessometimes neededneeded toto makemake meaningfulmeaningful interpretationinterpretation ofof thethe datadata.. Generally,Generally, itit isis

foundfound thatthat inin anyany distribution,distribution, valuesvalues ofof thethe variablevariable tendtend toto congregatecongregate aroundaround aa

centralcentral valuevalue ofof thethe distributiondistribution.. ThisThis tendencytendency ofof thethe distributiondistribution isis knownknown asas itsits

centralcentral tendencytendency andand thethe measuresmeasures deviseddevised toto considerconsider thisthis tendencytendency areare knownknown asas

measuresmeasures ofof centralcentral tendencytendency..

AverageAverage

However,However, oneone ofof thethe mostmost importantimportant objectivesobjectives ofof thisthis statisticalstatistical analysisanalysis isis toto getget aa

singlesingle valuevalue thatthat describesdescribes thethe characteristiccharacteristic ofof thethe entireentire massmass ofof datadata.. SuchSuch aa valuevalue

isis calledcalled anan ““averageaverage””..
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Type of Averages

Mathematical averages :Mathematical averages : Arithmetic mean, Geometric mean, Harmonic mean

Positional averages : Median, Mode

DispersionDispersion

TheThe differentdifferent measuresmeasures ofof thethe centralcentral tendency,tendency, givesgives anan ideaidea ofof thethe centralcentral

value,value, whereaswhereas measuresmeasures ofof dispersiondispersion areare thethe measuresmeasures ofof spreadspread aboutabout ananvalue,value, whereaswhereas measuresmeasures ofof dispersiondispersion areare thethe measuresmeasures ofof spreadspread aboutabout anan

averageaverage.. TheThe centralcentral valuevalue maymay bebe thethe samesame inin twotwo oror moremore distributions,distributions,

butbut maymay differdiffer inin respectrespect toto dispersiondispersion.. DispersionDispersion maymay bebe defineddefined asas thethe

measuremeasure ofof variationvariation ofof thethe variablevariable.. DispersionDispersion isis thethe degreedegree ofof thethe variationvariation

ofof thethe variablevariable aboutabout aa centralcentral valuevalue..

TheThe MeasuresMeasures ofof dispersiondispersion areare::

Range,Range, MeanMean deviation,deviation, Variance,Variance, StandardStandard deviationdeviation
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iiii.. ArithmeticArithmetic MeanMean

IntroductionIntroduction

TheThe mostmost familiarfamiliar andand widelywidely usedused measuremeasure ofof centralcentral tendencytendency isis thethe
arithmeticarithmetic meanmean.. ItIt representsrepresents thethe entireentire datadata byby oneone valuevalue whichwhich isis obtainedobtained
byby addingadding togethertogether allall thethe valuesvalues andand dividingdividing thisthis totaltotal byby thethe numbernumber ofof
observationsobservations.. InIn otherother words,words, thethe arithmeticarithmetic meanmean isis thethe sumsum ofof allall
observationsobservations divideddivided byby thethe totaltotal numbernumber ofof observationsobservations.. However,However, eacheachobservationsobservations divideddivided byby thethe totaltotal numbernumber ofof observationsobservations.. However,However, eacheach
independentindependent valuevalue playsplays anan equalequal partpart inin thethe determinationdetermination ofof thethe meanmean..

CalculationCalculation

TheThe arithmeticarithmetic meanmean isis computedcomputed byby summingsumming upup thethe observationsobservations andand
dividingdividing thethe sumsum byby thethe totaltotal numbernumber ofof observationsobservations.. SymbolicallySymbolically;;
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where where = arithmetic mean= arithmetic mean

== sumsum ofof allall valuesvalues ofof thethe variable,variable, xx ii..ee.. xx11,, xx22,, xx33 --------xxnn
n = number of observationsn = number of observations

ExampleExample

TheThe followingfollowing datadata representrepresent thethe numbernumber ofof patientspatients admittedadmitted inin differentdifferent
hospitalshospitals inin HyderabadHyderabad.. CalculateCalculate thethe meanmean numbernumber ofof patientspatients perper

x

x

hospitalshospitals inin HyderabadHyderabad.. CalculateCalculate thethe meanmean numbernumber ofof patientspatients perper
hospitalhospital..

Number of patients = 10, 11, 10, 11, 9, 7, 9, 11, 12, 10Number of patients = 10, 11, 10, 11, 9, 7, 9, 11, 12, 10

Solution Solution 

= 100= 100 n = 10n = 10 ==

= 10= 10
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Application : OGTT of Costus pictus leaves methanolic extract and its fractions  

Blood glucose level (mg/dl)

After glucose administration

Groups Fasting 60 min 90 min 120 min

Normal 76.0±9.63 124.6±15.44 115.6±12.10 83.4±8.65

Metformin 88.8±5.96 52.4±7.10*** 40.2±6.19*** 46.2±7.05*

CPME-200 55.4±6.38 81.8±5.36 71.4±6.38 46.0±6.07*
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CPME-500 56.8±5.89 73.2±7.02* 64.2±7.02* 44.6±8.25*

CPHF-200 62.6±7.75 101.6±8.89 92.8±7.64 74.2±7.21

CPHF-500 62.6±7.75 93.8±5.44 80.6±10.25 72.2±7.16

CPEAF-200 41.4±3.39 75.2±7.00* 70.6±4.93* 54.6±4.91

CPEAF-500 51.0±10.83 61.6±13.76** 56.6±7.14** 45.2±7.42*

“Values are expressed as Mean ± SEX , n = 5” *p<0.05, **p<0.01, ***p<0.001 when compared to normal

group CPME (CP Methanol extract), CPHF (CP Hexane fractional) and CPEAF (CP Ethyle acetate fraction)

Annals of Phytomedicine : 2(1) : 89-94 (2013)
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Conclusion: The main aim of this presentation is to evaluate the antidiabetic potential of

different fractions of methanolic extract of Costus pictus D. Don in Swiss Albino mice. The

antidiabetic effect of different fractions will be evaluated, based on the decreasing trend in

mean values.

During OGTT, the oral administration of CPME-500 and CPEAF-500, blood glucose level

was decreased significantly at each time interval (60, 90, and 120 min). However, CPEAF-
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was decreased significantly at each time interval (60, 90, and 120 min). However, CPEAF-

200 exhibited significant (p<0.05) antihyperglycemic effect after 60 min and 90 min

whereas CPME-200 showed significant (p<0.05) changes after 120 min only. While CPHF

failed to pose any change in oral glucose tolerance at the tested doses. These results clearly

indicated that CPEAF is active fraction of CPME. Therefore, further studies should be

conducted in this direction for valuable findings.
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iiiiii.. VarianceVariance

IntroductionIntroduction

ThisThis termterm waswas firstfirst introducedintroduced byby RR..AA.. FisherFisher inin 19131913.. TheThe termterm “Variance”“Variance”
isis usedused toto describedescribe thethe squaresquare ofof thethe standardstandard deviationdeviation.. Therefore,Therefore, thethe
analysisanalysis ofof variancevariance helpshelps usus inin isolatingisolating thethe effectseffects ofof variousvarious factorsfactors.. ToTo
calculatecalculate thethe variance,variance, thethe deviationsdeviations ofof thethe variablesvariables fromfrom thethe meanmean areare
squaredsquared andand thenthen addedadded.. TheThe sumsum ofof thethe squaressquares ofof deviationsdeviations isis divideddivided bybysquaredsquared andand thenthen addedadded.. TheThe sumsum ofof thethe squaressquares ofof deviationsdeviations isis divideddivided byby
thethe numbernumber ofof observationsobservations toto getget thethe variancevariance ofof thethe samplesample.. ThisThis measuremeasure
hashas anan advantageadvantage overover thethe meanmean deviationdeviation becausebecause thethe sumsum ofof squaressquares ofof
deviationsdeviations isis alwaysalways positivepositive.. TheThe variancevariance isis defineddefined asas thethe meanmean ofof
squaressquares ofof deviationsdeviations..
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CalculationCalculation

Sample varianceSample variance : : 

Population variancePopulation variance ::
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where      = arithmetic meanwhere      = arithmetic mean

n = number of observationsn = number of observations

CheckCheck :: The results of the above mentioned formula can be checked up with The results of the above mentioned formula can be checked up with 
the help of the following formula :the help of the following formula :

Variance    : Variance    : 
1

)x(
x

s

2
2

2

−

Σ
−Σ

=
n

n

x
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ExampleExample

Calculate the variance from the data, recorded on a medicinal important plant.Calculate the variance from the data, recorded on a medicinal important plant.

Length of leaves (cms.) = 6.5, 6.6, 6.7, 7.0, 7.5, 7.6, 8.0, 9.0, 9.5, 10.0Length of leaves (cms.) = 6.5, 6.6, 6.7, 7.0, 7.5, 7.6, 8.0, 9.0, 9.5, 10.0

SolutionSolution

1

)x(
x

s

2
2

2

−

Σ
−Σ

=
n

nLength of leaves
x x2

6.5 42.25
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110

10

)4.78(
96.628

2

−

−

9

10

56.6146
96.628 −

9

66.61496.628 −

59.1
9

30.14
=

== ==

==

==

6.5 42.25
6.6 43.56
6.7 44.89
7.0 49.00
7.5 56.25
7.6 57.76
8.0 64.00
9.0 81.00
9.5 90.25
10.0 100.96
Σx = 78.4 Σx2 = 628.96
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ApplicationApplication :: MeanMean ±± SESEXX ,, VariabilityVariability andand shiftshift inin meanmean forfor plantplant

yieldyield inin MM22 generationgeneration..

Treatments Mean± SEx s2 Shift in mean Significance

c 6.28 ± 0.16 14.20 - -

20 kR 7.66 ± 0.36 16.11 1.38 s

0.2% EMS 9.66 ± 0.31 12.12 3.38 s
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0.2% EMS 9.66 ± 0.31 12.12 3.38 s

0.2% NMU 7.00 ± 0.38 14.30 0.72 ns 

Selection studies in MSelection studies in M33 generation for 0.2% EMSgeneration for 0.2% EMS

Sections Mean± SEx Shift in mean CV(g) % h2% Gs

c 06.94 ± 0.21 - - - -

Random Selection 10.50 ± 0.28 3.56** 07.36 18.16 1.96

Positive Selection 11.00 ± 0.34 4.06** 11.08 22.00 2.34

Negative Selection 07.00 ± 0.37 0.06 ns 05.46 10.78 1.00 
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Conclusion

Radiation (20 kR) as well as chemical mutagen (0.2% EMS and 0.2% NMU) have
induced more variability in M2 generation. Increase in mean values in M2 and M3

generations of plant yield might be due to elimination of plants and also due to
genetic nature of changes induced after mutagenic treatments. The increase in
mean value may also be due to recovery effect in the successive generations.

2020Professor Irfan Ali KhanProfessor Irfan Ali Khan

mean value may also be due to recovery effect in the successive generations.

The selection were planned based on the significance of mean values as well as
the variability in the treatments. In this case, 0.2% of EMS was found to be most
effective treatment to make the selection studies in M3 generation. In the
present study, it was observed that the random and the positive selections gave
a positive direction for further studies.
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iviv.. StandardStandard DeviationDeviation

IntroductionIntroduction

StandardStandard deviationdeviation isis thethe mostmost commonlycommonly usedused absoluteabsolute measuremeasure ofof
dispersiondispersion.. TheThe conceptconcept ofof standardstandard deviationdeviation waswas firstfirst introducedintroduced byby
KarlKarl PearsonPearson inin 18931893.. TheThe termterm “standard”“standard” isis assignedassigned toto thisthis measuremeasure ofof
variationvariation isis probablyprobably becausebecause itit isis thethe mostmost commonlycommonly usedused andand alsoalso mostmostvariationvariation isis probablyprobably becausebecause itit isis thethe mostmost commonlycommonly usedused andand alsoalso mostmost
flexibleflexible inin termsterms ofof varietyvariety ofof applicationsapplications ofof allall thethe measuresmeasures ofof
dispersiondispersion.. ItIt isis clearclear thatthat standardstandard deviationdeviation isis aa measuremeasure ofof thethe spreadspread
inin aa setset ofof observationsobservations.. StandardStandard deviationdeviation isis defineddefined asas thethe squaresquare
rootroot ofof thethe variancevariance..
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CalculationCalculation

(i)(i) Standard deviation,                         orStandard deviation,                         or

AsAs itit measuresmeasures thethe dispersiondispersion oror variabilityvariability ofof aa distribution,distribution, thethe largerlarger thethe
standardstandard deviationdeviation mean,mean, thethe greatergreater isis thethe valuevalue ofof variabilityvariability.. OnOn thethe

1n

)xx( 2

−

−Σ
=s

1or

n

)x(
x

2
2

−

Σ
−Σ

=
nn

s

standardstandard deviationdeviation mean,mean, thethe greatergreater isis thethe valuevalue ofof variabilityvariability.. OnOn thethe
otherother hand,hand, therethere willwill bebe homogeneityhomogeneity inin aa seriesseries whenwhen thethe standardstandard
deviationdeviation isis smallsmall..
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Variable (x)

10 -12.75 162.56

13 -9.75 95.06

17 -5.75 33.06

Example :  Calculate the standard deviation from the following data :
Variable (x) = 10, 13, 17, 22, 27, 30, 31, 32

Solution
22

)x(x)x(d −=

75.22
8

182

n

x
x ==

Σ
=
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17 -5.75 33.06

22 -0.75 0.56

27 4.25 18.06

30 7.25 52.56

31 8.25 68.06

32 9.25 85.56

Ʃx = 182 Ʃ (        )2 = 
515.48

)x(x−

s
7

48.515

18

48.515

1

)xx( 2

=
−

=
−

−Σ

n

58.864.73 ==

=

=
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Sample

extract

Total phenolic 

(mg/100g) 

[Gallic acid 

equivalents 

(GAE)]

Standard 

deviation

Total 

flavonoids 

(mg/100g) 

[Rutin 

equivalents 

(RE)]

Standard 

deviation

Total 

flavonols 

(mg/100g) 

[Rutin 

equivalents 

(RE)]

Standard 

Deviation

Tannins 

(mg/100g) 

[Catechin 

equivalents 

(CE)]

Standard 

Deviation

Applications : Phenolic compounds in methanolic extract and various fractions of methanolic 

extract of coriander seeds
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(RE)] (RE)]

Methanol 2.77±0.04 8.11 0.51±0.09 9.00 1.40±0.02 9.10 0.76±0.04 10.10

Hexane 5.63±0.02 10.10 2.21±0.05 11.10 1.35±0.04 10.20 0.02±0.04 10.20

Benzene 2.66±0.06 11.92 1.63±0.03 12.82 0.64±0.02 11.30 0.45±0.10 11.30

Ethyl

acetate

7.77±0.13 8.00 3.40±0.10 8.49 1.80±0.06 7.12 0.39±0.06 12.10

n-butanol 5.76±0.17 11.55 3.30±0.09 11.00 1.60±0.07 12.30 0.80±0.08 9.00

Aqueous 2.54±0.02 12.00 0.50±0.04 11.99 0.26±0.03 10.00 0.24±0.03 10.99

Annals of Phytomedicine : 2(2) : 2013
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Conclusion

The ethyl acetate fraction of coriander seeds was found to possess maximum amount

of total phenolics, flavonoids and flavonols. The above mentioned findings indicate

that many of the phytochemicals got extracted in the ethyl acetate fraction and

therefore ethyl acetate fraction can be further subjected to sub-fractionation either

using column chromatography or any other suitable analytical technique in order to
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using column chromatography or any other suitable analytical technique in order to

identify and isolate its active components which can be further tested for biological

activity. If proved effective, then these compounds can be isolated in large quantities

and can be used as a source of antioxidants suitable for application in nutritional and

pharmaceutical fields.
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vv.. StandardStandard ErrorError ofof MeanMean

IntroductionIntroduction

StandardStandard errorerror isis aa statisticalstatistical termterm thatthat measuresmeasures thethe accuracyaccuracy withwith whichwhich aa
samplesample representsrepresents aa populationpopulation.. InIn statistics,statistics, aa samplesample meanmean deviatesdeviates fromfrom
thethe actualactual meanmean ofof aa populationpopulation;; thisthis deviationdeviation isis thethe standardstandard errorerror..

TheThe smallersmaller thethe standardstandard error,error, thethe moremore representativerepresentative thethe samplesample willwill bebe ofof
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TheThe smallersmaller thethe standardstandard error,error, thethe moremore representativerepresentative thethe samplesample willwill bebe ofof
thethe overalloverall populationpopulation.. TheThe standardstandard errorerror isis alsoalso inverselyinversely proportionalproportional toto thethe
samplesample sizesize;; thethe largerlarger thethe samplesample size,size, thethe smallersmaller isis thethe standardstandard errorerror..

CalculationCalculation

= = xSE
n

s
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Example
Maturity data recorded on an early maturing mutant variety of Castor (Aruna).  
Calculate the standard error of mean, from the following data:
Days to maturity = 140, 140, 141, 141, 142, 145, 146, 150, 150, 155
Solution
X

140 -5 25

140 -5 25

)x(x−
2

)x(x−

145
10

1450x
x ==

Σ
=

n
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140 -5 25

141 -4 16

141 -4 16

142 -3 9

145 0 0

146 1 1

150 5 25

150 5 25

155 10 100

Ʃx = 1450 Ʃ          =2422
)x(x−

89.26
9

242

110

242

1n

)xx( 2

=
−

=
−

−Σ
=

9

242

110

242

1

)xx( 2

=
−

=
−

−Σ
=

n
19.589.26 ==

Variance, s2

s 

xSE
n

s

10

19.5
64.1

16.3

19.5
== = =



Application: Effect of Semicarpus anacardium Linn. seed extract on ethanol
induced gastric ulcer in rats.

Group Treatment Ulcer Index (Mean ± SEx) % Protection from Ulcer

I Control 4.000 ± 0.632 …..

II Omiprazol (20 mg/kg) 1.167 ± 0.307* 70.82

III SAAE (250 mg/kg) 4.33 ± 0.881 ns – 8.33
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III SAAE (250 mg/kg) 4.33 ± 0.881 ns – 8.33

IV SAEE (250 mg/kg) 0.500 ± 0.223** 87.50

V SAPE (250 mg/kg) 1.16 ± 0.477* 70.82

Values are expressed as Mean ±SEx at *p<0.05, at **p<0.01, ns-indicates
non-significant. SAPE= Semicarpus anacardium Linn. petroleum ether extract,
SAEE= Semicarpus anacardium Linn. ethanolic extract and SAAE=
Semicarpus anacardium Linn. aqueous extract.

Annals of Phytomedicine: 1(1) 105-109 (2012)
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Conclusion

It is concluded that the effect of Semicarpus anacardium Linn. on ethanol induced gastric

ulcer in rats. Administration of ethanol in control group produced maximum ulcer, the ulcer

index being 4.000 ± 0.632, the group treated with standard drug omiprazole, indicated the

ulcer index being reduced to 1.167 ± 0.307, showing the reduction of 70.82 % at p < 0.05.

No protection from ulcer was observed in animals which were treated with SAAE.

However, significant reduction of 70.82 % and 87.50% were observed in animals treated
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However, significant reduction of 70.82 % and 87.50% were observed in animals treated

with SAPE and SAEE, respectively.

The present study can be, further concluded that the Semicarpus anacardium Linn. seed

extracts not only provides an excellent preventive effect in gastric ulcer models, but also

possesses significant hepatoprotective effect. This may be due to the antioxidant nature of

flavonoids present in them. Further studies on antioxidant parameters may be performed on

the same lines.
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vi.vi. Coefficient of  Variation Coefficient of  Variation 

IntroductionIntroduction

TheThe standardstandard deviationdeviation isis anan absoluteabsolute measuremeasure ofof dispersiondispersion.. ItIt isis expressedexpressed inin
termsterms ofof unitsunits inin whichwhich thethe originaloriginal datadata areare collectedcollected.. TheThe standardstandard deviationdeviation
ofof thethe heightheight ofof plantsplants cannotcannot bebe comparedcompared withwith thethe standardstandard deviationdeviation ofof thethe
weightweight ofof plantsplants becausebecause theythey areare expressedexpressed inin differentdifferent units,units, ii..ee.. heightsheights
((cmscms..)) andand weightsweights ((gmsgms..)).. Therefore,Therefore, thethe standardstandard deviationdeviation mustmust bebe
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((cmscms..)) andand weightsweights ((gmsgms..)).. Therefore,Therefore, thethe standardstandard deviationdeviation mustmust bebe
convertedconverted intointo aa relativerelative measuremeasure ofof dispersiondispersion forfor thethe purposepurpose ofof comparisoncomparison..
TheThe relativerelative measuremeasure ofof dispersiondispersion isis knownknown asas thethe coefficientcoefficient ofof variationvariation..

CoefficientCoefficient ofof variationvariation isis ofof greatgreat practicalpractical significancesignificance andand isis thethe bestbest measuremeasure
ofof comparingcomparing thethe variabilityvariability oror consistencyconsistency ofof twotwo oror moremore samplessamples.. TheThe
smallersmaller thethe coefficientcoefficient ofof variation,variation, thethe greatergreater isis itsits consistencyconsistency.. OnOn thethe otherother
hand,hand, ifif thethe coefficientcoefficient ofof variationvariation isis greater,greater, thethe samplesample isis saidsaid toto bebe moremore
variablevariable oror lessless homogeneoushomogeneous..
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CalculationCalculation

CV% CV% = = where  where  s s = standard deviation= standard deviation

= mean= mean

ExampleExample :: FromFrom thethe followingfollowing data,data, computecompute thethe valuesvalues ofof coefficientcoefficient ofof
variationvariation.. CompareCompare thethe twotwo seriesseries forfor thethe datadata consistencyconsistency..

Series ASeries A :  :  = 34.60;= 34.60; ss =  14.00=  14.00

100
x

s
×

x

x
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Series ASeries A :  :  = 34.60;= 34.60; ss =  14.00=  14.00

Series B  Series B  :  :  = 27.10;= 27.10; s s =  8.00=  8.00

Solution Solution :: Series  ASeries  A Series  BSeries  B

C.V.%C.V.% C.V.%C.V.%

C.V.% C.V.% = = 40.46%40.46% C.V.%C.V.%= = 29.52%29.52%

This shows that the data of series ‘A’ are more variable and less consistent as This shows that the data of series ‘A’ are more variable and less consistent as 
compared to the data of series ‘B’ which are more consistent.compared to the data of series ‘B’ which are more consistent.

100
x

×=
s

100
x

×=
s

100
60.34

0.14
×= 100

10.27

8
×=

x

x
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ExamplJeExamplJe :: TwoTwo typestypes ofof drugsdrugs werewere usedused onon 1010 patientspatients forfor reducingreducing theirtheir
weightweight.. DrugDrug AA waswas importedimported andand drugdrug BB waswas indigenousindigenous.. TheThe decreasedecrease inin
weightweight afterafter thethe useuse ofof drugdrug forfor sixsix monthsmonths isis asas followsfollows::

Drug A 12 10 10 13 12 11 10 12 14 13

Drug B 10 11 12 11 10 9 10 11 9 10

DRUG A DRUG B

x x
2)x(x −

2
)x(x −
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12 0.3 0.09 10 -0.3 0.09

10 -1.7 2.89 11 0.7 0.49

10 -1.7 2.89 12 1.7 2.89

13 1.3 1.69 11 0.7 0.49

12 0.3 0.09 10 -0.3 0.09

11 -0.7 0.49 9 -1.3 1.69

10 -1.7 2.89 10 -0.3 0.09

12 0.3 0.09 11 0.7 0.49

14 2.3 5.29 9 -1.3 1.69

13 1.3 1.69 10 -0.3 0.09

117x =Σ 10.18)xx(
2

=−Σ 103x =Σ 10.8)xx(
2

=−Σ

SourceSource ::
ProfessorProfessor MohdMohd.. IbrahimIbrahim
NizamNizam InstituteInstitute ofof Pharmacy,Pharmacy,
HyderabadHyderabad
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DRUG A DRUG B

x x
n

xΣ

n

xΣ
= = == 11.7 =

=

= 10.3

=

10

117

10

103

1n

)xx( 2

−

−Σ

1n

)xx( 2

−

−Σ
s2= s2== = 2.01

110

10.18

− 9

10.18
110

10.8

−

= 0.90= 9

10.8

== =s = s =
1n

)xx(
2

−

−Σ

1n

)xx(
2

−

−Σ

110

10.18

−
=

9

10.18
110

10.8

−

=
9

10.8
01.2 = 9.0
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=1.42

= =
1n − 1n −110−

=
9 110− 9

==

= 0.95

xSE xSE =
n

s

n

s

10

42.1 =
16.3

42.1 = 0.45= 10

95.0

16.3

95.0

C.V.=

= = 0.30

x

s
X 100 C.V.=

x

s
X 100== 14.12

7.11

142
100

7.11

42.1
==× 22.9

3.10

95
100

3.10

95.0
==×

Conclusion: The mean weight reduced by drug A is higher than the drug B. However, the
coefficient of variation is also higher for the drug A than drug B. It clearly indicates that the
drug B (Indigenous) is more consistent or homogenous than the drug A (Imported) because
the coefficient of variation is less than drug A.
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3.  THE TEST OF SIGNIFICANCE : The “t” test3.  THE TEST OF SIGNIFICANCE : The “t” test

IntroductionIntroduction

SoSo farfar wewe havehave discusseddiscussed problemsproblems relatingrelating toto largelarge samplessamples.. WhenWhen thethe
sizesize ofof thethe samplesample isis smallsmall ((lessless thanthan 3030),), thethe aboveabove teststests areare notnot
applicableapplicable becausebecause thethe assumptionsassumptions onon whichwhich theythey areare based,based, generallygenerally dodo
notnot holdhold goodgood inin casecase ofof smallsmall samplessamples.. WhileWhile dealingdealing withwith smallsmall samples,samples,
thethe resultsresults willwill bebe truetrue onlyonly ifif thethe parentparent populationpopulation isis normalnormal..
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thethe resultsresults willwill bebe truetrue onlyonly ifif thethe parentparent populationpopulation isis normalnormal..

ConsiderableConsiderable attentionattention hashas beenbeen paidpaid inin developingdeveloping suitablesuitable teststests forfor
dealingdealing thethe problemsproblems ofof smallsmall samplessamples.. TheThe contributioncontribution toto thethe theorytheory ofof
smallsmall samplessamples isis thatthat ofof RR..AA.. FisherFisher andand WilliamWilliam ScalyScaly GossetGosset.. FisherFisher gavegave aa
test,test, popularlypopularly knownknown asas ‘z’‘z’ testtest inin 19261926 andand GossetGosset gavegave anotheranother testtest
knownknown asas ‘t’‘t’ testtest respectivelyrespectively.. GossetGosset publishedpublished hishis discoverydiscovery inin 19081908 underunder
thethe penpen namename oror pseudonympseudonym “student”“student”.. TheThe ‘t’‘t’ distributiondistribution isis basedbased onon thethe
degreesdegrees ofof freedomfreedom ofof aa distribution,distribution, ii..ee..,, nn –– 11..
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Example: (Source : Example: (Source : Dr. Parth Patel : Medicity Hospital, HyderabadDr. Parth Patel : Medicity Hospital, Hyderabad))

A sample of 10 adults yielded a mean blood sugar level of 96 mg% with a A sample of 10 adults yielded a mean blood sugar level of 96 mg% with a 
standard deviation of 9 mg%. Estimate the mean of the blood sugar level standard deviation of 9 mg%. Estimate the mean of the blood sugar level 
with 95% confidence.with 95% confidence.

= 96 mg%= 96 mg%

s s = 9 mg%= 9 mg%

n n = 10= 10

x
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n n = 10= 10

SE SE =    =      =     = 2.85=    =      =     = 2.85

Degrees of freedom = n Degrees of freedom = n –– 1 = 10 1 = 10 –– 1 = 91 = 9

Table value of “t” at 0.05 with 9 df = 2.26Table value of “t” at 0.05 with 9 df = 2.26

96 96 ±± 2.26 (2.85) = 96 2.26 (2.85) = 96 ±± 6.44 = 89.56 to 102.44 mg%6.44 = 89.56 to 102.44 mg%

n

s

10

9

16.3

9
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Paired ‘t’ TestPaired ‘t’ Test

i.i. IfIf wewe recordrecord thethe bloodblood pressurepressure ofof aa personperson initially,initially, andand thenthen afterafter
injectinginjecting aa drugdrug atat appropriateappropriate intervals,intervals, thethe twotwo recordingrecording ofof bloodblood
pressurepressure constituteconstitute pairedpaired observationsobservations..

ii.ii. IfIf wewe taketake bloodblood samplesample forfor estimationestimation ofof bloodblood glucose,glucose, divideddivided itit intointo
twotwo partsparts andand havehave eacheach partpart estimatedestimated inin aa separateseparate laboratory,laboratory, thethe
resultsresults ofof thethe twotwo teststests againagain constituteconstitute pairedpaired observationsobservations..
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iii.iii. IfIf wewe recordrecord thethe weightsweights ofof thethe rightsrights andand leftleft kidneyskidneys ofof anan individual,individual,
thethe twotwo observationsobservations cancan againagain bebe pairedpaired..

UnpairedUnpaired ‘t’‘t’ testtest

i.i. AppliedApplied toto twotwo independentindependent groupsgroups ee..gg..,, diabeticdiabetic patientspatients versusversus nonnon--
diabeticsdiabetics (( oror thethe controlcontrol group)group)..

ii.ii. Similarly,Similarly, toto comparecompare whetherwhether systolicsystolic bloodblood pressurepressure differsdiffers betweenbetween aa
controlcontrol andand treatedtreated group,group, betweenbetween menmen andand womenwomen oror anyany otherother twotwo
groupsgroups..
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Statistical Analysis of the tStatistical Analysis of the t--testtest

TheThe formulaformula forfor thethe tt--testtest isis aa ratioratio.. TheThe upperupper partpart ofof thethe ratioratio isis justjust thethe
differencedifference betweenbetween thethe twotwo meansmeans andand thethe lowerlower partpart isis aa measuremeasure ofof thethe
variabilityvariability.. InIn thethe givengiven formulaformula ofof tt--test,test, itit showsshows howhow thethe numeratornumerator andand
denominatordenominator areare relatedrelated toto thethe distributionsdistributions..

tt =                                        = =                                        = 
groupsofiabilityvar

meansgroupsbetweendifference
)xx(SE

xx

ct

ct

−

−
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= t= t--valuevalue

Formula for the tFormula for the t--testtest
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TheThe upperupper partpart ofof thethe formulaformula isis toto findfind thethe differencedifference betweenbetween thethe meansmeans..
TheThe lowerlower partpart isis calledcalled thethe standardstandard errorerror ofof thethe differencedifference.. ToTo computecompute
it,it, wewe taketake thethe variancevariance forfor eacheach groupgroup andand dividedivide itit byby thethe numbernumber ofof
observationsobservations inin thatthat groupgroup.. WeWe addadd thesethese twotwo valuesvalues andand thenthen taketake theirtheir
squaresquare rootroot.. TheThe specificspecific formulaformula isis givengiven belowbelow..

)xx(SE ctx −

c

2
c

t

2
t

n

s

n

s
+=
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Remember, that the variance is simply the square of the standard deviation.Remember, that the variance is simply the square of the standard deviation.

The final formula for the tThe final formula for the t--test is as follows:test is as follows:

t =t =

ct nn

c

2
c

t

2
t

ct

n

s

n

s

|xx|

+

−
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Calculation: Example : Paired ‘t’ TestCalculation: Example : Paired ‘t’ Test

LetLet usus supposesuppose thatthat youyou areare conductingconducting anan investigationinvestigation intointo thethe weightweight ofof
studentsstudents inin aa schoolschool.. HalfHalf thethe subjectssubjects areare boysboys andand halfhalf areare girlsgirls.. YouYou thinkthink
thatthat thethe boysboys mightmight havehave aa significantlysignificantly biggerbigger meanmean weightweight thanthan thethe girlsgirls..
YouYou recordrecord thethe weightweight ofof allall thethe individualsindividuals andand comecome upup withwith thethe followingfollowing
informationsinformations::

Boys : Mean weight = 54 kg, Variance = 16 (n = 25)Boys : Mean weight = 54 kg, Variance = 16 (n = 25)
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Girls : Mean weight = 47 kg, Variance = 19 (n = 25)Girls : Mean weight = 47 kg, Variance = 19 (n = 25)

Calculate the value of  ‘t’ for these two sets of data: Calculate the value of  ‘t’ for these two sets of data: 

t =                    t = t =                    t = 

t =          =             =         =       = 5.93 t =          =             =         =       = 5.93 

25

19

25

16

|4754|

+

−

25

19

25

16

7

+ 76.064.0

7

+ 4.1

7

18.1

7

2

2

2

1

2

1

21

n

s

n

s

|xx|

+

−
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ConclusionConclusion

Calculated “t” value = 5.93Calculated “t” value = 5.93

Tabulated value at 5% Tabulated value at 5% = 2.021 = 2.021 

Degree of freedom nDegree of freedom n11 + (n+ (n22 –– 2) = 25 + (25 2) = 25 + (25 –– 2) = 482) = 48

TheThe calculatedcalculated valuevalue ofof “t”“t” isis 55..9393 whichwhich isis biggerbigger thanthan thethe tabulatedtabulated valuevalue
bothboth atat 55%% ((22..021021)) andand atat 11%% ((22..704704)) levelslevels ofof probabilityprobability.. ThereThere isis indeedindeed aa
significantsignificant differencedifference betweenbetween thethe meansmeans ofof thethe twotwo setssets ofof datadata.. ThisThis alsoalso
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significantsignificant differencedifference betweenbetween thethe meansmeans ofof thethe twotwo setssets ofof datadata.. ThisThis alsoalso
rejectsrejects thethe nullnull hypothesishypothesis thatthat therethere isis nono differencedifference ofof meansmeans..
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4.  Least significance Difference : The LSD test4.  Least significance Difference : The LSD test

IntroductionIntroduction

InIn agricultural,agricultural, biologicalbiological andand medicalmedical research,research, pairpair comparisoncomparison isis moremore
commoncommon.. ComparisonComparison isis alwaysalways mademade amongamong thethe treatmentstreatments andand alsoalso thethe
dosesdoses ofof thethe drugdrug toto findfind outout thethe mostmost effectiveeffective treatmenttreatment..

TheThe mostmost commonlycommonly usedused testtest procedureprocedure forfor suchsuch typetype ofof pairpair comparisoncomparison isis
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TheThe mostmost commonlycommonly usedused testtest procedureprocedure forfor suchsuch typetype ofof pairpair comparisoncomparison isis
thethe LeastLeast SignificanceSignificance DifferenceDifference (LSD)(LSD) testtest whichwhich isis suitedsuited forfor plannedplanned
comparisonscomparisons.. ThisThis procedureprocedure providesprovides forfor aa singlesingle LSDLSD valuevalue;; atat aa prescribedprescribed
levellevel ofof significancesignificance whichwhich servesserves asas thethe boundaryboundary betweenbetween significantsignificant andand
nonnon--significantsignificant differencesdifferences betweenbetween anyany pairpair ofof comparisonscomparisons.. ItIt cancan bebe
concludedconcluded thatthat thethe treatmenttreatment oror dosedose ofof thethe medicinemedicine isis significantsignificant ifif thethe
differencedifference exceedsexceeds thethe computedcomputed LSDLSD valuevalue;; otherwiseotherwise itit isis notnot significantsignificant..
ThisThis testtest isis appliedapplied onlyonly inin situationssituations wherewhere numbernumber ofof comparisonscomparisons areare
smallsmall..
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ExplanationExplanation

The LSD test can be applied in pair comparisons which is as follows :The LSD test can be applied in pair comparisons which is as follows :

Compute the mean difference between the two means.Compute the mean difference between the two means.

where     and      are the means of two treatments.where     and      are the means of two treatments.

jiij xxd −=

i
x

j
x
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where     and      are the means of two treatments.where     and      are the means of two treatments.

Compute the LSD value at a level of significance.Compute the LSD value at a level of significance.

LSDLSD
αα

=  (t=  (t
αα
)  (SE  ))  (SE  )

Where       is the standard error of the mean difference and tWhere       is the standard error of the mean difference and t
αα
is the is the 

tabulated ‘t’ value at 0.05 or 0.01 level of probability.tabulated ‘t’ value at 0.05 or 0.01 level of probability.

CompareCompare thethe meanmean differencedifference andand LSDLSD value,value, thethe differencedifference ofof thethe specificspecific
pairpair ofof meansmeans isis significantsignificant atat thethe ““αα”” levellevel ofof significancesignificance ifif thethe valuevalue ofof isis
greatergreater thanthan thethe LSDLSD valuevalue otherwiseotherwise itit isis notnot significantlysignificantly differentdifferent..

d
SE

i
x

j
x
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ExampleExample

InIn anan experiment,experiment, freshfresh weightweight ofof thethe plantplant waswas recordedrecorded forfor controlcontrol andand
55 dosesdoses ofof aa chemicalchemical mutagenmutagen (EMS)(EMS).. CompareCompare thethe meanmean freshfresh weightweight ofof
controlcontrol andand fivefive dosesdoses (n(n == 120120))..
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Doses
Fresh weight 

(gm)

Control 12.41 0.6941

0.1% EMS 13.40 0.7241

0.2% EMS 15.69 0.8211

0.3% EMS 13.70 0.6224

0.4% EMS 10.10 0.6112

0.5% EMS 13.00 0.7001

xSE
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Calculation

Doses

Fresh
Weight
(gms)

Difference 
from 

Control LSD value at

0.05 0.01

Control 12.41 0.6941 - - -

0.1% EMS 13.40 0.7241 0.99ns 1.42 1.87

0.2% EMS 15.69 0.8211 3.28** 1.61 2.12

xSE

Hint : Calculation : Example Hint : Calculation : Example –– 10 kR10 kR
at 5% = LSDat 5% = LSD5%5% = (t= (t

αα
) (SE) (SEdd))

(1.960) (.7241)(1.960) (.7241)
1.960 1.960 ×× .7241.7241
= 1.42= 1.42

at 1% = LSDat 1% = LSD1%1% = (t= (t
αα
) (SE) (SEdd))
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Conclusion Conclusion 

The difference between control and different doses indicates that the 0.2% The difference between control and different doses indicates that the 0.2% 
and 0.4% EMS doses are highly significant.  Whereas 0.1% and 0.5% EMS and 0.4% EMS doses are highly significant.  Whereas 0.1% and 0.5% EMS 
doses are not significant. doses are not significant. 

0.2% EMS 15.69 0.8211 3.28** 1.61 2.12

0.3% EMS 13.70 0.6224 1.29* 1.22 1.61

0.4% EMS 10.10 0.6112 2.31** 1.20 1.58

0.5% EMS 13.00 0.7001 0.59ns 1.37 1.81

ns =  non-significant
*  =  significant at 5 % level of probability.
** =  significant at 1 % level of probability

at 1% = LSDat 1% = LSD1%1% = (t= (t
αα
) (SE) (SEdd))

(t 2.576) (.7241)(t 2.576) (.7241)
2.576 2.576 ×× .7241.7241
= 1.87= 1.87



“TRY NOT TO BECOME A MAN OF SUCCESS BUT A 
MAN OF VALUE”- Albert Einstein
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MAN OF VALUE”- Albert Einstein
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