zzﬁi?l;:(?&l;truult Examples il?cllfdc age, sex and body weights of experimental
sl pre.mr :]:’,‘.Cl-l't..l‘t.r\'ai'l.l), pH, ionic strength and tcmp.cr’aturc of the medium or
e para 10{1 (situational-relevant), and the order of |_n_13cti0n of different levels

a hypoglycemic agent (sequence-relevant). Relevant variables should be eliminated
or kept constant as far as possible, to exclude their effects on the dependent variable.

2.4 Population and samples

Experiments are done with samples drawn from a specific population.

2.4.1. Population

For any experiment, the population consists of the entire aggregate of all such
living organisms, inanimate objects, cases, events or phenomena as possess or exhibit
at that time the specific dependent variable for the experiment or investigation. For
example, for an experiment on the blood sugar of pancreatectomized rats, the
population consists of all existing pancreatectomized rats on the earth; for working
on O, consumption by a species of dragon flies, all insects of that species living
anywhere at that time constitute the population.

Populations belong to two broad classes.

(i) Infinite populations are SO immensely numerous and so widely dispersed that
all the members cannot be reached or counted; e.g., the population of type I diabetic
children or that of Jersey breed of cattle.

(ii) Finite populations consist of such small limited number of cases located
within a given narrow area that all the members of such a population may be reached
and counted to get its precise size; €., the population of pollutant-affected patients
of Bhopal gas disaster, Or that of a rare species of salamanders occurring in the
waterbodies of a small area of Darjeeling district.

A population, whether finite or infinite, retains its identity with an identical size
and unaltered properties, only sO long as its members do not undergo any addition,

deletion or any other change.

2.4.2. Samples

Because of the vast resources and long durations required for covering the entire
population intended to be investigated, and also because of chances of unmitigated
errors owing to accidental omission of some of its members from the study, an entire
population 18 seldom subjected to any experiment or investigation. Instead, a small
group of a limited number of individuals or cases, called a sample, is so chosen at
random from the population by laws of probability as to be representative of thal
population with respect to the variable under investigation; such a representative
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sample is then subjected to the intended investigation. The ?XP‘?mflf‘?mal UbSI;rt‘l’latlerfs; .
! gL : 1ly to find their significance. ere iy
o e e of the abtained result, dhe ndingsiarcisoias
adequate probability of significan;:etiof the obtained result, 8
be generalized in the entire population. Fo _ o
Following criteria have to be gratified in a sample, if it is t:’ b l;lls:t?OIllrl ansg
investigation or experiment as the representative of th_e relevant pop . f (_1): ;
Individuals or cases must be included in the sample by being chosen at random from -
the population depending on laws of probability, so as to ensure tglf:ffconfonmty _
between the population and the sample regarding the proportions of diiferent types
of cases. (ii) Variations of scores in the sample should closely conform to the van_atlon_s
of such scores in the population. (iii) Values of any statistic (e.g., mean and variaiees
of scores of different samples from the population should be so clos.ely dlstnbu_tecl ]
that their arithmetic average may be identical with the corresponding populathn
value or parameter (e.g., population mean). (iv) Scores of the variable shot.ﬂd be
distributed in the sample in conformity with their distribution in the population.

2.5 Sampling

Evidently, for generalizing the findings in a sample for the entire population, the
sample should be representative of the latter. You have already learnt about the
criteria to be fulfilled by a representative sample. These criteria depend largely on
unbiased sampling. Some methods of sampling are briefly described below.

2.5.1. Judgement sampling

In this method, the investigator depends upon his personal Jjudgement in
considering some cases with specific properties as representing the population with
respect to the intended dependent variable, and chooses arbitrarily some of such ™
cases for inclusion in the sample. Such conscious or unintended subjective preference
or some individuals or cases of particular types confines the sampling to only specific
ypes of individuals, excluding other types of them from the chance of getting chosen
or the sample. Such judgement sampling has a high probability of not drawing a
:presentative sample from the population and is suitable neither for making inferences

bout the latter, nor for working out sampling errors of statistics computed from
imple data.

2.5.2. Probability sampling

In this method, the choice of individuals from the population for inclusion in the
mpl__e: is left entirely to mathematically devised methods of random sampling by
ws of Prﬁbabilfty. No scope or role is left for the investigator or any other perSOii?-';
‘ - any case deliberately or arbitrarily; this minimizes the element of bias in
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the sample: Instead, cases of different types have the probabilities of random choice
commensurate with their respective frequencies or proportions in the population and
independent of the choice of each other. Such probability sampling should yield
samples, consisting of different types of cases in such relative proportions as in the
population, being fairly representative of the population, and suffering from little or
no bias. According to the population used and the intended purposes, probability
sampling is designed in different ways.

(a) Simple random sampling : _

If the sample has to be drawn from a small, finite and homogeneous population,
not divided into distinct strata or sections, random sampling has to be done from the
entire population taken together, choosing at random the requisite number of individuals
for the sample successively out of all the individuals of the population. Thus, (i) each
individual of the population enjoys an identical probability of choice at every step of
sampling, (i1) each is chosen at random depending on the laws of probability, (iii)
each gets chosen totally independent of the choice or omission of any other individual,
(iv) no individual suffers from any subjective selection or rejection of any other
individual, and (v) nor does any choice depend on any other quality or property.
These should lead to the conformity between the proportions of different types of
cases in the sample and those in the entire population.

In the unsophisticated card drawal method of simple random sampling, the
sample size to be required for the experiment is first worked out statistically; all
individuals of the population are then given successive serial numbers which are

entered individually on separate cards; all those cards are mixed up in a container,
and the requisite number of cards are next successively picked up blindly from that
container. Individuals whose cards are so drawn are included in the sample.

Choices may be made for random sampling in two alternative ways. (1) In the

with-replacement method, an individual once chosen is again included in the cases
still left for subsequent choices and is, therefore, again considered for the subsequent
choices. Thus, the probability of choice of each individual remains unaltered from
choice to choice. However, it would create difficulty for the practical use of a sample
if the same individual gets chosen more than once. (i1) In the without-replacement
method, an individual once chosen is excluded from subsequent choices so that the
probability of getting chosen rises progressively at successive choices; however, this
rising difference in the probability of choice may be ignored as too small because of
the much larger size of the population than the sample.

In a more scientific random number method, after giving identity numbers serially
to all members of the population, individuals are chosen in the same order as the
successive numbers, arranged at random in any chosen part of a random number
table, : '
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Salnp}e if a small sample
portions of cases

ive
' dom sample would not gi‘vc a r.e:presenfale:Iy e
' Slmgle‘;zn fr?)rn a stratified population . e
1; ?n:c orrtt;aorc strata having di S
! (b) Strarified random sampling

S d heterogeneous,

If the population is [are 4 ified rand . |
in Pmpeﬂig;’ and sizes, @ proportiond Stranﬁ:e f simple random sampling sepatdtey J
: ' i
for each stratum. First, the required total § "¢ simple ran f‘;f:lss E;?:)E)nhnl% :lz

h stratum in the "+ of individu
:;;lied separately on each stratum : mb;ﬂ : ividuals of a stratum
corresponds to its proportional size in the population. e -pis probabilit A
have an identical probability of getting chosen for the s pro’ D onal sizes dnlil
_varies from stratum to stratum according to their respective prop

divided into distinct strata diffm:ng :
i om sampling is used in drawing

population.

For example, to population having three
or ,

of 0.50, 0.40 and 0.10,
m each stratum to draw
0 or 15 cases from

draw a sample of 150 cases frorp a
strata (A, B and C) with the respective proportional sizes
simple random sampling should be undertaken separately fro
respectively 150 x 0.50 or 75, 150 x 0.40 or 60, and 150 X 0.1
A, B and C to constitute the sample.

(¢) Multistage sampling : ' !
A vast population, dispersed over a wide area, may be sampled by this method.

Preferably depending on some pre-existing stages, the vast population is arranged
stepwise into a number of levels, leading ultimately to the level of individuals.
Simple random sampling is then applied at each of these levels. For example, to draw

a sample of Labeo rohita fishes from waterbodies of West Bengal, three districts are =

chosen at random at the first stage out of all the districts; at the second stage, three

waterbodies are chosen at -andom from all the waterbodies of the three chosen
listricts; finally, at the third stage, forty fishes are sampled at random from each of
he three chosen waterbodies to constitute a sample of 120 fishes.

(d) Fixed interval sampling :

Sometim?s, individuals of a population may arrive, occur or get naturally arranged
L a Systematic sequence; e.g., netting of successive butterflies from the air by an
isect con:-ctor, a{lgllng of successive fishes in the fishing line of an angler, or arrival ‘
 Successive patients at the out-patients department of a hospital Fixéd interval
mph_ng consists of simple random sampling of cases depending on .such a seguir:(?e "'

nu!tafncous]y, an interval is chosen
cessive cases for the purpose of choices




it occurs in the given sequence after the preceding chosen one and separated from the
latter by the chosen gap. For example, the fifth fish collected may be chQS-CH_'a.S the
first member of a sample and thereafter, every seventh fish is chosen malntalml?\g- a
gap of six fishes between each pair of choices. This is continued until the rcqulé.iltﬁ
number of cases have been collected for the sample. However, this type of sampling
may fail to yield an unbiased representative sample if the cases have been initially
arranged in order of a characteristic related in any way to the variable to be investigated.

(€) Purposive sampling :

Random sampling is sometimes deliberately restricted to a particular section of
the population so long as it is justifiable and logical to assume a truly representative
nature of that section for the entire population, and the exclusion of its other sections
is not anticipated to affect adversely the generalization of obtained results over the

whole of the population.

(f) Incidental sampling :

In this method, random sampling is kept confined to a particular section or
stratum of the population because of reasons like ready availability, easier manipulation
and lower cost, instead of attempting to maintain or improve the representative
nature of the sample. Such sampling should not be preferred for any investigation
because it would seldom turn out a sample representative of the entire population.

2.6 Parameter and statistic

You may easily realize that as such, the experimental data consisting of one or
more sets of numerical values or scores can hardly communicate much of precise and
meaningful information or contribute much in comparing, analyzing and interpreting
the observations. For these, the individual scores have to be presented, on one hand,
in classified, tabulated or graphical forms while, on the other hand, some summary
values like the mean and the standard deviation have to be worked out from those
scores for further analysis and interpretation. While the presentation of data will be
described in the next unit, you will be introduced in this unit to the basics of such
summary values, also known as numerical indices, and will also get an initial idea

of their roles in biostatistics.

2.6.1. Parameter

Parameters serve as measures of different characteristics of a variable in a

population, and consist of numerous summary values like the mean and the variance,

worked out from the scores: of the entire population, Parameters; of a population
remain unchanged so long as the relevant population exists as such, but may differ
from population to population. You are aware, however, that seldom do we work
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2.6.2. Statistic
Statistics (singular : statistic

work with a samp

) serve as measures of different characteristics of a

variable in a sample, and consist of numerous summary values like the mean da_mf:ldtlz
variance, worked out from the scores of that particular sample. As th? IngIvics
scores vary from time to time in the same sample and also atlthe sellme instant fro;n
sample to sample drawn from the same population, any statistic varies temporally n
the same sample and also spatially between samples of the same population.
Consequently, a particular type of statistics (e.g., the sample mean X) of different
samples differ from the parameter (e.g., the population mean W) by different amounts
called the sampling errors (s)) : s, = X — | Because of their different” sampling
errors, the statistics (e.g., X) of samples lie dispersed around the parameter (e.g., [L)
of that population in the form of a sampling distribution with the parameter as its
mean,; e.g., a sampling distribution of sample means X) around the population mean
(u). It also follows that the statistics of different samples from a population serve as
different point estimates of the same population parameter. Statistics belong to different
classes according to their purposes.

(a) Descriptive statistics :

These sFaﬁstics of a variable measure and describe three different characteristics
of a sample in respect of that variable. (i) Statistics of location such as mean, median
and mo@e (licsc.n'bc the location of a specific point — particularly a centrai
of t}lle dlSt.rlbLl'thIl of the scores of a variable on the scale of the latter. (ii) S On'f-‘»_ ‘s
of dispersion such as variance and standard deviation are the mea ke
the scores of a variable around a central point like th e o Sudlter g

¢ mean of the sample. (iii)

; 4 ntS meas i 1

the sample. Descripti isti
ple. ptive statistics
0 beyond the limitg of the latter.










(m) Probability (P) of random occurrence of a given z and all other z scores
bevond it in both tails is known as the fwo tail probability.

P = 2 [0.5000 - (arca of uni normal curve from its p to the given ).

(0} The normal curve is mesokurtic, i.e., has a medium degree of peakedness.

(0) Probability distribution of a continuous measurement variable conforms (o
the normal distribution, if 1ls SCOres are determined by the random effects of many
other variables with no mutual interactions.

(p) Means of samples drawn from a normally distributed population are distributed
normally around the parametric mean of the latter, forming a sampling distribution

of mcans

3.6 Skewness and kurtosis

These two properties of a distribution determine its form, shape and many other
charactensucs.

3.6.1. Skewness

Skewness is a measure of the degree and direction of bilateral asymmetry of a
distribution. A -.}_mmumca] distribution, e.g., normal and ¢ distributions, has no
skewness, has its two tails identically extended and equally pointed, and has its
mean, median and mode coincide with the centre and peak of the distribution. But
a skewed distribution 1s bilaterally asymmetric with one of its tails more extended

!
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Negative skewness Positive skewness

ed distributions. [From D.Das and A. Das, Statistics in Biology and Psychology,

Fig 3.6. Skew
4th ed., Academic Publishers, 2003.]

and pointed than the other tail. This results from the presence of more extreme scores
in the extended or skewed tail than in the shorter and blunter tail; the scores are more
concentrated in the blunter tail than in the skewed one. The skewness is called
positive if the right or high-value tail is more drawn out than the left or low-value
tail, while negative skewness consists of a more drawn-out and sharper left or low-
value tail compared to the right tail. Poisson distributions are positively skewed
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comparing with the worked-out P. The latter may be compared either with one
particular level of o as chosen by the investigator, or successively with different
levels of o in a descending order from 0.05. In the second case, the H, may be
rejected and the result considered as significant at or below that lowest level of o
which either exceeds or equals the computed P (P < o). For example; if P is lower
than 0.05, it is significant there, but is next compared with the next lower o of 0.02
to find if it is significant even there; this is repeated with successive lower levels of
o until that lowest o is reached which exceeds or equals P. This process is preferable
as the lower the o for significance, the lower is the probability of type I error of
inference (Section 4.5). For example, if P is lower than 0,01 (P < 0.01), then out of
100 such cases, the result may be wrongly considered significant in less than one of
the cases; but if P equals 0.001 (P = 0.001), in only one in 1000 such cases the result
may be wrongly considered significant. Thus, the lower the o at or below which the
result is considered significant, the fewer are the cases wrongly declared significant

and consequently the lower is the probability of type I error.

4.5 Errors of inference

Whether or not the experimental result is considered significant, there are
probabilities of errors of inference because the inference derived from either the
rejection or the acceptance of the H depends in both cases on the probabilities, P and
o

Type [ error of inference results from the wrong rejection of a correct H_, thus
inferring an experimental result as significant when it is actually not significant. This
error arises from the use of the level of significance () in rejecting the correct H,
and consequently has a probability identical with the o used in considering the
computed P as too low (P < o); so, the probability of type I error has the symbol o
identical with that of the level of significance. It follows that the probability of type
I error may be lowered by using a lower level of significance in comparing with the
probability (P) worked out in the significance test. Thus, if P equals the o of 0.05
(P = 0.05), there is a probability of 0.05 for the type I error — out of 100 such cases,
such results of any 5 cases would actually be not significant, having resulted from
mere random sampling; but if the H is rejected because P equals 0.01 (P = 0.01),
there is a much lower probability of 0.01 of the type I error. (See also the last
paragraph of Section 4.4 and Sub-section 4.7.2.)

Type II error of inference is the opposite of the type I error. It is the error
resulting from the wrong acceptance of a wrong H,, thus leading to a wrong inference
that the experimental result is not significant when the latter is actually significant.
The probability of type Il error () has a reverse relation with that of the type I erro1
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the observed difference may as well have arisen from the difference between the
sampling errors (s,) of the two means, consequent upon random sampling — there
might not have been any difference between the means if the levels of the independent
variable would have been applied on the entire population. Such a probability would
always persist so long as samples are used instead of the population, whatever precision
and caution be used in sampling to make the samples truly representative of the
population. You would be right to guess that the result of any such experiment using
samples would be open to two alternative inferences. One, the obtained result is not
meaningful, i.e., not significant, has come from chances associated with random
sampling, would not have occurred if the population were used instead of samples,-
and can thus be explained away by sampling errors; the other, the observed result is
meaningful and significant, is not the outcome of chances of random sampling, and
cannot be explained away by sampling errors. To infer which of these two alternatives
may be upheld, a significance test has to be undertaken to find statistically whether
the probability of the observed result occurring by chance is too high or too low. If
this probability is foo high, it is inferred that the obtained result of the experiment
is not significant and not fit for generalization in the entire population; on the contrary,
if the probability of its chance occurrence is too low, the result under consideration
is significant or meaningful and can be generalized in the population.

For a significance test, in most cases, the experimentally obtained result (e.g., a
difference between means, a correlation coefficient, etc.) is first transformed into a
standard score (e.g., z, &, %° and F) and the latter is referred to the corresponding
probability distribution (e.g., normal, t, ¥? or F distribution) to find the probability
of its chance occurrence. To judge whether that probability is too high or too low, it
is compared with a chosen probability level called the level of significance (o). You
will learn in Sub-sections 4.6.2, 4.7.3, 4.7.4, 5.3.3, 5.5.1, 6.3.4 and 6.4.3 as also in

Section 5.6, about significance tests for a number of computed statistics.

4.3 Null hypothesis

Each experiment or investigation is intended, designed and performed to
substantiate or prove a proposed conjecture called the experimental hypothesis; the
latter is generally known in statistics as the alternative hypothesis (H ) because it is
the alternative to and is contested by another hypothesis (H ) which would be subjected
to a significance test. The H_ is called the null hypothesis because it contradicts,
contests and tries to negate or nullify the assertion of the alternative hypothesis. The
testing of hypothesis consists basically of the working out of probability of correctness
(P) of null hypothesis and finding whether that probability is too high or too low.
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