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ABSTRACT

Statistical methods in conducting research include planning, design, data collection, analysic
meaningful interpretation, and reporting of research findings. Statistical analysis gives meaning (o
insignificant numbers and thus breathes life into lifeless data. Results and conclusions are accurae
only when appropriate statistical tests are used. The purpose of this article is 10 introduce the reader
to the basic research tools that are used to conduct various studies, The article briefly discusse
variables, understanding quantitative and qualitative variables, and measures of central tendency. g
provides an overview of sample size estimation, power analysis and statistical errors. Finally, the
parametric and non-parametric tests used in the data analysis are summarized

INTRODUCTION

Statistics is a discipline that deals with collecting, organizing. analysing and drawing conclusions
from samples of the entire population. This requires an appropriate research design, appropriate
selection of the research sample and selection of an appropriate statistical test. Adequate statistical
information is necessary to properly design an epidemiological study or clinical trial. Incomect
statistical methods can lead to wrong conclusions, which can lead to unethical practice.
VARIABLES

Vanable 15 a characteristic that varies from one individual member of population to another
individual. Variables such as height and weight are measured by some type of scale, convey
quantitative information and are called as quantitative variables. Sex and eye colour give qualitative
information and are called as qualitative variables [Figure 1).

VARIABLE

Figure |
Classification of variables

Quantitative variables

AYUDH :2321-2160 February- 2023 (Special Issue) Page-4

»




V

ayuDH : International Peer-Reviewed Referred Journal ~ Vol.2  1SSN: 2321-2160

antitative or numerical data are subdivided into discrete and

~umerical data arc recorded as a whole number such as 0, 1, 2 SETSSNE. TRERSIMENES, (1) iScTERe

can assume any valve. Observations th » fo=0 3, (mieger), whereas contimuous
data h b S that can be counted constitute the discrete data and
ohservations 1 a:j canr ¢ measured constitute the continuous data. Examples of d:sc:f t‘;?.‘lal

: 2 " ete data are

pumber pEena 'CS 2 ;CSD,,‘?“OG arrests or the number of re-intubations in an intensive care unit
Si mnlaﬂ)'. examples o continuous data are the sertal serum glucose 'lcvcts fal : f
oxygen in arterial blood and the oesophageal temperature stk et
A hierarchical scaig of increasing precision can be used for observing and recording the data which
is based on categorical, ordinal, interval and ratio scales [Figure 1] 7
Categorical or non;xn}l variablc§ arc unordered The data are merely classified into categories and
cannot be mnlglcd nany ?“"‘c"k" order f only two categories exist (as in gender male and
fcmalg). it is callcd as a dlshOlon?ou; (or binary) data. The various causes of re-intubation in an
intensive garc unit due 10 upper airway obstruction, impaired clearance of secretions, hypoxemia,
h .mapma.. pU|m:ﬂ3f) ocdema and.ncumlogncal impairment are examples of categorical variables
Ordinal variables have a clear ordering between the vanables. However, the ordered data may not

have equal intervals.
Interval variables are similar to an ordinal variable, except that the intervals between the values of

the interval variable are equally spaced. A good example of an interval scale is the Fahrenheit

degree scale used to measure temperature. With the Fahrenheit scale, the difference between 70°

and 757 is cqual to the difference between 80° and 85% The units of measurement are equal

throughout the full range of the scale.

Ratio scales are similar to interval scales; in that equal differences between scale values have equal
tive meaning. However, ratio scales also have a true zero point, which gives them an
additional property. For example, the system of centimetres is an example of a ratio scale. There is a
true zero point and the value of 0 cm means a complete absence of length. The thyromental distance
of 6 cm in an adult may be twice that of a child in whom it may be 3 cm.

STATISTICS: DESCRIPTIVE AND INFERENTIAL STATISTICS
Descriptive statistics are used to describe the relationship between vanables in a sample or

pulation: Descriptive statistics summarize data in the form of mean. median, and mode.
Inferential statistics use data taken from a random sample of the population to describe the entire
lation and draw conclusions. This is valuable when it is not possible to look at every member

of the entire population. The examples if descriptive and inferential statistics are illustrated in Table

1.

quamita

—#ﬁ
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Table | ' %
Example of descriptive and inferential statistics
Descaiptve sAalsbcs
The inlracianil pressures gmmHg) of 10 pabenls ”Tl?:;?o
wmmwmynhlmnmcuﬁunnu ¥
con bo sutmmanted 0 bt

36 and 31, These data :
nmm'n':;’ihow!s Wocmm*mobm‘z mm
lowest 1o highest. 13,19,27,30.31,32.32, 35, 35 and get

{ mwuﬁdptossuoshmrud

deares wea of the
mémmmmmmmmom

somple}
Momuoetvnnobsstmaeriw
Thuamhmode(mwmvuwobwwdmmsz
Mean valug fs 29.7 mmHg
Tham;dansm"wdlevsue If these & an even numbar of
obsorvations, thon the medisn s calculntid os the averaa of
the two middie values The medion & 31+32/2=315 mm Hy

Inferontal SIaUSBCs _ ‘
Hmeplansbsmm“mmmoﬂomaw
aﬂuupounlomeesihesxaboimaMagedlyeus_n
mwtmwmuwmm
mummmmdmmummmmm

nrsknpossuolonmnummmnmmﬂnlm

of an entire popuianon Howaver, # 15 possibit 10 measure the

wquuabmymamwmmmwsmnmm
MMWW&MMM&M&M

whole populstion

Descriptive statistics oy Y
The extent to which observations are clustered around a central location is described by the central

tendency, and the spread to the extremes 15 described by the degree of dispersion. Measures of
central tendency Measures. of central tendency are mean, median and mode. The mean (or
arithmetic mean) is the sum of all points divided by the number of points. Extreme variables can
profoundly affect the average. For example, a single patient remaining in the ICU for approximately
5 months due fo septicemia may affect the average length of stay in the ICU for patients with
organophasphorus poisoning. Extreme values are called outliers. The formula for the mean is

=X

W ==t
Mean, n
where x = each observation and n= number of observations. Median is defined as the middle of 3
distribution in a ranked data (with half of the variables in the sample above and half below the
median value) while mode is the most frequently occurring variable in a distribution. Range defines
the spread, or variability, of a sample. It is described by the minimum and maximum values of the
variables. If we rank the data and after ranking, group the observations into percentiles, we can get
better information of the pattern of spread of the variables. In percentiles, we rank the observations
into 100 equal parts. We can then describe 25%, 50%, 75% or any other percentile amount. The
median is the 30% percentile. The interquartile range will be the observations in the middle S0% of
the observations about the median (25 -75™ percentile), Variance is a measure of how spread out is
the distribution. It gives an indication of how close an individual observation clusters about the
mean value. The variance of a population is defined by the following formula:

O’==Z (XA‘X)'

N
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AYUDH : International Peer-Reviewed Referred lournal  Vol-2 ISSN: 2321-2160

: a’is the population variance. X i ¢
iﬁ‘—'\hﬂc Vis the population mean. X is the ™ element from the

\ > &
ulation and N is the number of elements in the population. Th ;
y e v
P slightly different formula; armance of a sample 1s defined

Y (X -X)
n-1

where s is the sample variance, x is the sample mean, x; is the / element from the sample and n is
the number of elements in the sample. The formula for the variance of a population has the value ‘n’
as the denominator. The expression ‘1" is known as the degrees of freedom and is one less than
the number of parameters. Each observation is free 10 vary, }xccpt the last one which must be a
defined value. Thg varance is measured in squared units. To make the interpretation of the data
simple and to retain the basic unit of observation, the square root of variance is used The square
root of the vanance is the standard deviation (SD), The SD of a population is defined by the
following formula: 2

o= \/@l‘\'c 'XII/N)

where o is the population SD, X is the population mean, ¥, is the / element from the population
and N is the number of elements in the population. The SD of 2 sample is defined by slightly

different formula:

s= (1 X ~x[ /n-1)

where < ts the samplc_ SD, xis the sample mean, x, is the /™ clement from the sample and n 15 the
number of clements in the sample. An example for calculation of variation and SD is illustrated

in Table 2.

Table 2

Example of mean, vanance, standard deviation

Expmpla Tha waighl of fva palents undarpong lapsimscoo

chalacystactomy was 80, 80, 70, 70, &0
8049070470480 _ o

s’:

Mean woight = 7]
Ve = po-ao)‘c(so-ao);.('ro-eofqao-w;’
_ 1004100+ 100+100 +0
= =
S
~5-)
=100
S50 = Vi00 =10
S0 - SEncard cevanon

Normal distribution or Gaussian distribution

Most of the biological variables usually. cluster around a central value, with symmetrical positive
and negative deviations about this point. The standard normal distribution curve is a symmetrical
bell-shaped. In a normal distribution curve, about 68% of the scores are within | SD of the mean
ound 95% of the scores are within 2 SDs of the mean and 99% within 3 SDs of the mean [Figure

2]

h_%
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signficant
Rosull 15 sgrfcant  Repect (null iypothesis) HY
Resutt 5 ool Do not reject (st

W&,mq the arbitrarily chosen value (known as a or the significance Jevel), the null
ypothesis (HO) is rejected [Table 4). However, if null hypotheses (HO) is incorrectly rejected, this
l is known as a Type | error. Further details regarding alpha error, beta error and sample size

| calculation and factors influencing them are dealt with in another section of this issue by Das S

al.
Table 4 _
|u (llustration for null hypothesis
planned 10 evaduto It the use of Mtvavenous

| A Shudy was § " 1) d

aduchon of anaesthessa or normal salne (plocebo) in 1o

luMh-MMbuwnanM
yidcales competng baliets about the drug 1 be studied in the

oo aBect. This 15 cofled the null ypothesss - the no change
‘ s The symbol tesed ts HD — 'H ot hypofass and 0 fat

T data are used 10 PIOdUCO 8 fest vk - A lest stalishc - 0

METRIC AND NON-PARAMETRIC TESTS
-al data (quantitative variables) that are normally distributed are analysed with parametnic
ic prerequisil ﬁ-for. parametric statistical analysis are:
wption of normality which specifies that the means of the sample group are

srametric tests assume that the data are on a quantitative (numerical) scale, with a normal
of the underlying population. The samples have the same variance (homogencity of
The s ire randomly drawn from the population, and the obscrvations within a
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group are independent of cach other. The commonly used parametric tests are lbe\s
L |

analysis of variance (ANOVA) and repeated measures ANOVA. ey
Student's f-test
Student's r-test is used to test the null hypothesis that there is no difference between the
two groups. It is used in three circumstances: : ' ‘ Means of g,
1. To testif a sample mean (as an estimate of a population mean) differs signif;
given population mean (this is a one-sample r-test) Ealy fn_)m‘
X-u
l=—
The formula for one sample (-test is SE
where X'= sample mean, u = population mean and SE = standard error of mean
2. To test if the population means estimated by two independent samples differ gign;
(the unpaired /-test). The formula for unpaired r-test is: , g“'r'“'l!y
,t_X‘ -X2
SE,

where X; — Xy is the difference between the means of the two groups and SE d
e e e

3. To test if the population means estimated by nwo dependent samples differ signif

(the paired r-test). A usual setting for paired t-test is m"ﬁmemsmmm
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~ same subjects before and after a treatment.
The formula for paired &-test is:
d '

b T X 18 :
1 that &
»Mﬁé _

.4 |
-_-—_‘___—‘h' X
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when the standard deviation is known, 1o determine, if the means of the two datasets differ

from cach other.
5. The t-test is based on Student’s t-distribution. On the contrary, z-test relies on the
* assumption that the distribution of sample means is normal. Both student’s t-distribution
and normal distribution appear alike, as both are symmetrical and bell-shaped However,
they differ in the sense that in a t-distribution, there is Jess space in the centre and more in
¢ tails.

3. g)‘m of the important conditions for adopting t-test is that population variance is unknown
Conversely, population variance should be known or assumed 1o be known m case of a -
fest.

4. Z-test is used to when the sample size is large. i.e. n > 30, and t-test is appropriate when the
size of the sample is small, in the sense that n < 30.

Analysis of variance

The Student's i-test cannot be used for comparison of three or more groups. The purpose of

ANOVA is to test if there is any significant difference between the means of two or more groups

In ANOVA, we study two variances — (a) between-group variability and (b) within-group

variability. The within-group variability (error variance) is the variation that cannot be accounted

for in the study design. It is based on random differences present in our samples. '

However, the between-group (or effect variance) is the result of our treatment. These two estimates

of variances are compared using the F-test.

A simplified formula for the F statistic is:

MS,

where MS; is the mean squares between the groups and MS, is the mean squares within groups.

Repeated measures analysis of variance

As with ANOVA, repeated measures ANOVA analyses the equality of means of three or more
i groups. However, a repeated measure ANOVA is used when all variables of a sample are measured

- under different conditions or at different points in time.
As the variables are measured from a sample at different points of time, the measurement of the

H : International Peer-Reviewed Referred Journal  Vol-2 ISSN: 2321-2160

 dependent variable is repeated. Using a standard ANOVA in this case is not appropriate because it
fails to model the correlation between the repeated measures: The data violate the ANOVA
2 ption of independence. Hence, in the measurement of repeated dependent variables, repeated
- measures ANOVA should be used.
arametric lests

mptions of normality are not met, and the sample means are not normally, distributed
ad to erroneous results. Non-parametric tests (distribution-free test) are used
they do not require the normality assumption. Non-parametric tests may fail to

) icant difference when compared with a parametric test. That is, they usually have less

welric u:m,:hewst statistic is compared with known values for the sampling
d the null hypothesis is accepted or rejected. The types of non-

lqnesandtbc comesponding parametric analysis (echniques are delineated
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Analogue of parametric and non-parametric tests

Parametric tesls
One sample Noa-parametric fests
Ono sample f-les! Sign lesd
Wi '
Two- oaon's signed rank test
Poxed 11est S test
Wilcoxon s segned Tank st
Unpaired f4asl Mann. YWhilney LLtesd
Kodnogorow. Sivermov 105t
K-sample
ANOVA Knrekal Walls test
Jonckheors 1es!
Two-wiyy ANCVA (repoated Frmdman lost
menswre ANOVA)
Poarson cotrolahon coofMoant 1) Spaarman rank ofder (D)
ANCIVA = Anaryss of varance
est and Wilcoxon's signed rank fest

Median test for one sample: The sign {
The sign test and Wilcoxon's signed rank test are use
examine whether one instance of sample data is greater or smaller tha

Sign test
This test examines |

4 for median tests of one sample. These feg,
n the median reference valye

he hypothesis about the median 60 of a population. It tests the null hypothesis

HO = 60. When the observed value (Xi) is greater than the reference value (00), it 1s marked as+_ |y
the observed value is smaller than the reference value, it is marked as — sign. If the observed value

is equal to the reference value (60), itis eliminated from the sample.
If the null hypothesis is true, there will be an equal number of + signs and — signs.
The sign test ignores the actual values of the data and only uses + or = SIgNS. Therefore, it is useful

when it is difficult to measure the values.

Wilcaxon's signed rank test

There is a major limitation of sign test as we los¢ the quantitative information of the given data and
merely use the + or — signs. Wilcoxon's signed rank test not only examines the observed values in
comparison with 80 but also takes nto consideration the relative sizes, adding more statistical
power ta the test. AS in the sign test, if there is an observed value that is equal to the reference value
A0, this observed value is eliminated from the sample.
Wilcoxon's rank sum test ranks all data points in order,

compares the difference in the rank sums.

calculates the rank sum of each sample and

e null hypothesis that two samples have the same median or. alternatively,
‘ ions in the other.

Mann-Whitney test
It is vsed to test th

whether observations in one sample tend to |

Mann—Whitney fest compares all data (xi) belonging @ the X group and all data (yi) belonging 0
the Y group and calculates the probability of xi being greater than yi: £ (xi > yi). The noll
hypothcsis states that P (xizy)="+ (xi <yi) =172 while the alternative hypothesis states that P (xi

>yi) #1/2.

both distributions ar
distributions, comput

ed as the maximum
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k,l-Wﬂ“iS test

4 s A
?h':Kmskﬂ-WaIIis LeSE 1S A non-parametric test to
jifference in the median values of three or more ind
increasing order, and the rank sums calculated o

Jonckheere test .
[ contrast [0 Kruskal-Wallis test, in Jonckheere
more statistical power than the Kruskal-Wallis test

rriedm:"‘;" o
The Frie SR ﬂOl-l-pamnc(ric test for testing the differ ' veral related
ples. The Friedman test is an alternative for rcpcalcg musurc: :&cf)vti‘s“:;nidﬁ:rxdmwhcn
(he same parameter has been measured under different conditions on the same subjects
Tests to analyse lhc_ catcg.oricul data
Chi-square (est, Fischer's exact test and McNemar's test are used to analyse the categorical or
pominal V“"ab!cs' The Chi-squarc test compares the frequencies and tests whether the observed
data differ sigmﬁcanlly fmtp that of the expected data if there were no differences between groups
(i.c., the null hypothesis). It is calculated by the sum of the squared difference between observed (O)
and the expected (E) data (or the deviation, d) divided by the expected data by the following
| formula: ).
. (0=E

X =Z 0
A Yates correction factor 15 used when the sample size is small. Fischer's exact test is used to
determine if there are non-random associations between two categorical variables. It does not
mc mdm sampling, and instead of referring a calculated statistic to a sampling distribution, it
calculates an exact probability. McNemar's test is used for paired nominal data. It is applied to 2 * 2
‘table ‘with paired-dependent samples. It is used to determine whether the row and column
frequencics arc cqual (that is, whether there is ‘marginal homogeneity"), The null hypothesis is that
the paired proportions are equal, The Mantel-Haenszel Chi-square test is a multivariate test as it
analyses multiple grouping variables. It stratifies according to the nominated confounding variables
and identifies any that affects the primary outcome variable. If the outcome variable is dichotomous,
VARIOUS SOFTWARES AVAILABLE FOR STATISTICS, SAMPLE SIZE CALCULATION
'AND POWER ANALYSIS
‘Ntimerous - statistical software systems are available currendy. The commonly used software
‘systems are Statistical Package for the Social Sciences (SPSS — manufactured by IBM corporation),
smigiul Analysis System ((SAS — developed by SAS Institute North Carolina, United States of
America), R (designed by Ross Ihaka and Robert Gentleman from R core team), Mmitab
(&velqﬁdbyMinkablnc). Stata (developed by StataCorp) and the MS Excel (developed by
Ay
'Mm)‘g‘miﬁemﬁwbymmcs'which are related to statistical power analyses. A few are:

«  StatPages.net ~ provides links to a number of online power calculators
. - provides & downloadable power analysis program that runs under DOS

sis for ANOVA designs an interactive site that calculates power or sample size

1 2 given power for one effect in a factorial ANOVA design
"o  Sample Power. It gives an output of a complete report an the
n which can be cut and paste into another document.

analyse the variance. It analyses if there is any
ependent samples. The data values are ranked in
llowed by calculation of the test statistic.

lest, there is an a priori ordering that gives it a

;
|
|
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CONCLUSION - R ~
It important that a fesearcher kniows the concepts of the basic statistical methods used for g,
of a research study. This will help to conduct an appropriately well-designed study leading
and reliable results. Inappropriate use of statistical techniques Y lead 10 faulty co.,dm:’:
inducing errors and undermining the significance of the article. Bad statistics may lead ¢, w

research, and bad research may lead to unethical practicc. ‘Hence, an Wc k""“"edgr S

sutistics and the appropriate use of statistical tests are imporiant. An 3pPIOPTIE knowledge gh,

the basic statistical methods will go a long way in improving the research designs and proge,.

 quality medical rescarch which can be utilised for formulating the evidence-based guidelines,
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