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INTRODUCTION TO TEST OF SIGNIFICANCE:

In many situations, statisticians are called upon to make decisions
about a statistical population on the basis of sample observations. In
1925, Ronald Fishers advanced the idea of statistical hypothesis testing,
which he named as “Test of Significance”.

In attempting to reach such decisions, it is necessary to make certain
assumptions about the parameters or probability distributions. In
other words we can simply say that it is a technique by means of which
we may either accept or reject a null hypothesis. The acceptance does

not establish the truth of the hypothesis rather it simply means that the

test has no evidence against the null hypothesis.
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OBJECTIVES:

~ Define statistical inference.

» Steps in Testing for Statistical Significance

» Stating Hypothesis

» Errorsin sampling

» Level of Significance and Critical Region

» One-tailed and Two-tailed test

» Critical Values or Significant Values

» Tests Of Significance for Large Sample

» Testing of Significance for Single Proportion.

» Testing of Significance for Difference of Proportions.
» Testing of Significance for Single Mean.

» Testing of Significance for Difference of Mean.

» Testing of Significance for the Difference of Standard deviation.

» T-Test
» F-Test
» Chi-Square Test
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Statistical Inference

Confidence intervals are one of the two most common types of
statistical inference. Researchers use a confidence interval when
their goal is to estimate a population parameter. The second
common type of inference, called a test of significance, has a
different goal: to assess the evidence provided by data about some

claim concerning a population.

A test of significance is a formal procedure for comparing observed data with a
claim (also called a hypothesis), the truth of which is being assessed.

*The claim is a statement about a parameter, like the population proportion p or
the population mean u.

“The results of a significance test are expressed in terms of a probability that
measures how well the data and the claim agree.

3




STEPS IN TEST OF SIGNIFICANCE:
|. Set up the null hypothesis Hy and alternative hypothesis
H,.

Il.  Choose the appropriate level of significance (a).

lll.  Choose the test statistic and compute it under the null
hypothesis.

IV.  Find the critical region

V. Compare the computed value with the critical value. If
modules of calculated values is smaller than the table
value, null hypothesis is insignificant i.e., there is no
evidence against Hy and we should not reject Hg at a%

level of significance. Otherwise, we should reject Hy at
a% level.

4|




Stating Hypothesis

The first step in conduc

ting a test of statistical significance is to state
the hypothesis

A significance test staris with a careful statement of the claims being compared.

The claim tested by a statistical test is called the null hypothesis (H0). The test is
designed to assess the strength of the evidence against the null h ypothesis. Often
the null hypothesis is a Statement of “no difference.”

The claim about the Population that evidence is being sought for is the
alternative h ypothesis (Ha).

The alternative is one-sided
the null hypothesis value.

It is two-sided if it states that th
could be either smaller or larger)

if it states that a parameter is larger or smaller than

€ parameter is different from the null value (it

" When using logical reasoning, it is much easier to demonstrate

that a statement is false, than to demonstrate that it is true. This is
because proving something false only requires one counterexample.
Proving something true, however, requires proving the statement is
true in every possible situation.

" For this reason, when conductin

hypothesis is used. The term null is used because this hypothesis



XAMPLE

lull Hypothesis Alternative Hypothesis

: One-Sided H;: 1Q sample
L: 1Q smple mean=100,0r I1Q y
ample mean -100=0 T;;:?O&?JO‘:; IPsempgieumeans=
N words: '

One-sided H;: The sample mean 1Q is
l,: The sampl - 1
A mp e'mean IQisinot significantly larger than 100.
ingnificantly different than 100.

[ Two-sided H;: 1Q>#100 or 1Q-100#0]

In the example above, the null hypotheses states: “the sample mean is

>qual to 100" or “there is no difference between the sample mean and the
hopulation mean.”

”~

The sample mean will not be exactly equal to the population mean. This
null hypothesis is stating that the recorded difference is not a significant one.

» If researchers can demonstrate that this null hypothesis is false, then its
opposite, the alternative hypothesis, must be true.

In the example above, the alternative hypothesis states: “the sample mean

is significantly different than 100” or “there is a significant difference between
the sample mean and the population mean.”

» If researchers are trying to prove that the mean IQ in the sample will
specifically be higher or lower (just one direction) than the population mean,
this is a one-sided alternative hypothesis because they are only looking at

one direction in which the mean may vary. They are not interested in the
other direction.

If researchers suspect that the sample mean could be either lower or
higher than 100, the alternative hypothesis would be two-sided because both
directions in which mean 1Q may vary are being tested.

0.’

% When conducting a significance test, the goal is to provide evidence to
reject the null hypothesis. If the evidence is strong enough to reject the null
hypothesis, then the alternative hypothesis can automatically be accepted.

However, if the evidence is not strong enough, researchers fail to reject the
null hypothesis.




Test-Statistic (z score)

Example:

Populalion mezn
odu ation mean: IQ=100

opuiation st dev=14&
Sample mean: IQ=103
Sample size: N=16

X — U
F i S
- ——

Test Statistic ! \/;

z=1Sample Mean-Popula‘ion Mecn) /(st deviation in the
Jopularion/\ Sample size)

e A
| S
—

—
-
—

-

]

z=(108-100)/(16/N16) => z=8/(16/4) => z=8/4 => 2=2
= In the above example, the mean 1Q score for the sample is 108. This is
slightly higher than the population mean, which is 100. The sample mean is
obviously different from the population mean, but tests of significance must

be done to determine if the difference is statistically significant. The difference
could possibly be attributed to chance or to sampling error.

= The first step is to compute the test statistic. The test statistic is simply

the z score for the sample mean. The only difference is that the population
standard deviation is divided by the square root of N, just like when a
confidence interval is computed.

= To compute the test statistic, the population standard deviation must be
known for the variable. The population standard deviation for 1Q is 16.

* To compute the test statistic, the sample size must also be known. In this
case, it is 16. (In a real research scenario, the sample size would be larger.
Small sample sizes are being use in this example to make calculations
simpler).

. r.1 . Fal 1 . Y, 0



Errorin Sampling:

The main objective in sampling theory is to draw valid inferences
about _”r.m Population parameters on the basis of the sample results.
In practice we decide to accept or reject the null hypothesis is made
on the _ummmm of the information supplied by the observed the sample
observation. The conclusion drawn on the basis of a particular
sample may not always be true in respect of the population. The

four possible situation that arise in any test procedure are given in
the following table :

Decision from mm:,_ﬁm |__.

|

True State . |

|

[

Reject Ho Accept Ho _

1 a— _

Ho True Wrong(Type(i)Error) | Correct __

L |

Ho False(H1 Correct Wrong(Typeii |
True)

Error) _

Thus in testing of hypothesis we are likely to commit two error-

The error of rejecting Ho where Hois true is known as Type [I]
error.

The error of accepting Ho where Ho is false is known as Type[ll]
error.

P[Type I error] = P[rejecting Ho when it is true]
=@
P[Type Il error] = P[accepting Ho when it is false]
=p

Then « and B are also called as sizes of type|[l] and type [lI] error
respectively.

m__Jp.,._MT..




Level of Significance.

1] error is known as the develop

[tis usually denoted by a and is given by -

P[Type error| = P[rejecting Ho when it is true]
=
The most comm,

nly used leve] of significance in practice are-
,5%(9‘05] and 1%(0-01]. If we adopted 5% level of significance it

Critical Region : A re
sample space “S”
region. If w is the
value of the statis

gion corresponding to a statistic “t” in the
which amount to rejected to Hoit term
critical region and if t = t(x1X2x3
tic based on a random sample of size “n” then,
P(te w/Ho) = «
Pltew /H)=p

S as critical

Where w is called a acceptation region.

9|Tage




One-tailed and Two-Tailed test:

In any test, th T .
aridor the ’pr:bcr'j“-cal region is represented by a portion of the area
shatlii ability curve of the sampling distribution of the test

A test of feti :
any statistical hypothesis where the alternatives hypothesis is

on i i '

ex:r:allled (right tailed or left tailed) is called a one tailed test. For
ple , a_test for testing the mean of a population Hy :p= po against

the alternative hypothesis :

t tHl ‘M= Ho(Right-tailed) or Hj :p= po(Left-tailed), is a single tailed
est.

“_‘ the right tailed test(H; :u>p) the critical region lies entirely in the
right tail of the sampling distribution of X, while for the left tailed test
(H1 :p< Wo),the critical region is entirely in the left tail of the distribution.
A test of statistical hypothesis where the alternative hypothesis is two-
tailed such as: Hg :p # po , against the alternative hypothesis Hy :p#
Ho(K> Ho and K< Hoyis known as two-tail test and in such a case the critical
region is given by the area lying in both tails of the probability curve of
the test statistics.

In a particular problem, whether one tailed or two tailed test is to be
applied depends entirely on the nature of the alternative hypothesis. If
the alternative hypothesis is two-tailed we apply two-tailed test and if
alternative hypothesis is one-tailed, we apply one tailed test.

10 l ‘h ad ‘_"‘ g




Critical Values or Significant Values:

The value of tes icti
t - g &
realanrand fie statistic which separates the critical (or rejection)
o acceptance region is called the critical value or
significant value. It depends upon:
I The level of significance used, and
il. i '
The alternative hypothesis, whether it is two-tailed or single-
tailed
In the case of single tail alternatives, the critica
that the total area to right of it (for right tail test is a and for left-tailed

test the total area to the left of (- Z) is a.

| value Z, is determine soO

For Right-tail Test : P(Z>Z,) =

For Left-tail Test P(Z<-2Z,) =a

TWO-TAIL TEST
(Level of significance ‘a’)

Upper

Lower _
criticol critical
value volue .
Rejection Rejection
region(«{2)

region (/2
7

'i‘ 4 0 Z‘
-tail alierative, the critical value zg is determined so that
f it (for right-tailed test) is o and for lefi-tailed test the
is o (See diagrams below), i.e.,”

PZ>z20) =0

In case of single
total area to the right o
total area to the left of - za

For Right-tail Test -

For Lef-ail Test P(Z<-20=0
RIGHT-TAILED TEST LEFT-TAILED TEST
(Level of Signifiance ‘o) (Level of Significance ‘a)
Rejection o
region  Rejection
region

Z‘O z¢ 'Zg Z_-O

critical value of Z for @ single-tailed test (left-or
ue of Z for a two-

Thus the i, nificant of
£ o' is same as the critical val

right) at level of significance ‘a
wailed test at level of significance 2a. i Fage

e

-
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CRITICAL VALUES () OF Z

Criticay Values
() ok Level of significance (o)
e | 5% 10%
Two.-tailed teg
g 1Zg 1 =258 1Z4 | = 196 1Zg | = 1645
Ri.}lt-llﬂﬁd test
Zg =233 Zg =1

e L = 1-645 Zgo= 128
Left-tailed  amen .

test Z- =-2.33 Zg = —1-645 Zy=-128

Test_of Slgniﬁcance for Large Samples:
-In this section we will discuss the tests of significance when samples
are large. We have seen that
for Iarge va.lues of n, the number of trials, almost all the distributions,
e.g, bllnomlal Poisson , negative binomial, etc ,are very closely
approximated by normal distribution. Thus in this case we apply the
normal test, which is based upon the following fundamental property
(area property) of the normal
Probability curve.

X-p _X-E(X)

Ifx“'N 02 e e
(L,0°)then Z e N(0,1)

Thus from the normal probability tables, we have-
P(-3<Z<3)=0.9973,i.e.,P(|Z| <3)=0.9973
= P(|Z|>3)=1-P(| Z| <3)=0.0027

i.e., in all probability we should expect a standard normal
variate to lie between + 3.
Also from the normal probability table, we get
P(-1.96< Z < 1.96) = 0.95, i.e., P(| Z|<1.96)=0.95
= P(|Z|>1.96)=1-0.95=0.05
And  P(|Z]|<2.58)=0.99
= P(|Z|>2.58)=0.01
Thus the significant values of Z at 5% and 1% levels of significance for
a two-tailed test are 1.96 and 2.58 respectively.
Thus the steps to be used in the normal test are as follows:

12"




I. Compute the test statistic Z under Hy
2. If | 2| > 3, Hy is always rejected
3. If | 2| <3, we test its significance at certain
level of significance, usually 5% and sometimes
at 1% level of significance. Thus, for a two-
tailed test it | Z | > 1.96,H is rejected at 5%
level of significance.
Similarly, if | Z | > 2.58, Hy is contradicted at 1% level of significance
and if | Z | < 2.58 Hy may be accepted at 1% level of significance.
From the normal probability tables, we have :
P(Z> 1.645) = 0.5-P(0<Z< 1.645) = 0.5-0.45=0.5-0.45=0.05
P(Z> 2.33) = 0.5 —P(0<Z< 2.33) = 0.5-0.49=0.01
Hence, for a single-tail test (Right tail or Left tail) we compare the
computed values of | Z | with 1.645 (at 5% level) and 2.33( at 1% level)

and accept or reject Hy accordingly.

18] Pep



E(X) =np ’
V(X) =nPQ
P =X0bserved sample proportion of success
n
E(p) = (%) V(p) =V (5)
= ;111. E(f) - ”if V(X)
=—XnP =— XnPQ
Therefore, E(p)=P =2
(Standard Error) SE(p) =m i

.
_\/n
Hence for large sample the standard normal variate

corresponding to the statistic p is,
2=2 ~ N(0,1)
W=
n

14|Fopge




Test of significance for difference of proportions:

Suppose we —
thep;)revme want to cqmpared two distinct population with respect to
e nce of curtain attribute A among their members.Let,X; and
razndo € number Of Person possessing the given attribute A in the

m sample of size n; and n,from the two population respectively.
Then sample proportion are given by,
X2
n2
If p1 and p; are population proportion then,

X1
P1 s and p,=

E(p1) = P4 ; E(p2) =P,
_P1Q1 P202
And; V(pl) = - 5 V(DZ) = n(ZJ

Since for large sample p; and p; are independently normally distributed
then p;1-p; also normally distributed,

_p1-p2-E(p1-p2)

© Vvar(p1-p2) n(0.1)
Under the null hypothesis Ho: P1=P;i.e., there isno significant

difference between the sample proportion,
E(p1-p2) = E(p1) =E(P2)
= Pl-P2=0
V(p1-p2) = V(p1) =V(p1)+ V(p2)
P1Q1 P2Q2
+__—-

nl n2
Since under Hg : P1=P2=P
Therefore Q;=Q;=Q

1 1
And V(pl-pg) = PQ(E + E)

S _ pl-p2
0 L e

ni nz2

15 |




Test of significance for sj
If *x?XN.Xw ........

mean W and vari

ingle mean:
Xn}is a qm:QQB sample from a normal population with
iance o’ ﬂ:m: the sample mean is distributed normally

with mean g and and i_ e., X™N(u, 6®).Thus for large sample the

standard normal <m:mﬁm corresponding to x is

.
Vn
Under the null hypothesis Ho then the sample has been drawn from a
population with mean p and variance o° i.e, there is no significance
difference between the sample mean x and population mean W. The

test statistic is,
2= X ~ N(0,1)

J___z
By comparing this calculated value of z with the table vale 1.96 and

2.58( for two tailed test), we can reject or accept the null hypothesis at
5% level of significance. The corresponding significance value for single
( or one tail) test are 1.645 and 2.33 at 5% and 1% level of significance

respectively.

16| Fa




from a population
be the mean of n
M sample of sjze N, from another population

arianceo ZHNN 2 —
. 1 017/ ny) and x2~N
02/ Ny)[sample are large] (b, 01/ m) 2N,

o, their di e o g
zfz ise dlfferenCe l.e X1- x2is also a normal variant. The value
’

with mean u, and v

—_—

7 =¥ - x2-E(x1-x2)
S.E(x1 - x2)

Under Ho: - w,ie there is no significance difference below the
sample mean we get,

~N(0,1)

E(x1 — x2)=E(xT)- E(x2) [E(eT)= ]
Mk
var(x1 —x2)=V(x1)+V (x2)
01? o12
=——
nli n2

— S 2 2
S.E((xI — x2)= /-‘% +=

Under, Ho: Wy pyi.e py- pp=0
The test statistic becomes,
;. F1-%2

Torr o0z ~N(0.2)

ni n2
If 0:°= 0,°= 0 i.e if the sample have been drawn from the

population with the common standard deviation o than under
Ho: 1y M

1717




Test of significance for d;
- or dif
deviations: ference of standard

!_e(;, S; and S, are the standard deviation of the two
independent random sample of sizes n; and n, from two

populatlorT with SD 0;and g, respectively. The problem is to
test 01- 0z 1. if the sample SD’s differ significantly or not.

We know that in sampling from large normal

population,sampling distribution of S is normal with

var(s)=c2/2n

S.E(s)=Va?/2n =0 /V2n

Provided n is large

Therefore var(s;-s, )=var(s;)+var(s,)
=0%/2n.+0%[2n;

The covariance term vanished because samples are

independent.
Hence, under null hypothesis , Ho:the sample SD does not differ

significantly, the test statistic is given by

S1-S2
= ~N(0,1
Vo2 /2n1+0?/2n2 N(0,1)

o,> and g,” are usually unknown in that case we use their
estimates. Hence test statistic is reduce to,

S1-S;
S,2/2n+ Sy /2, (0151 02-5,] for large sample.

7=

18| 7 :



Some more types of test of significance
T-Test

A t-test Is a type of inferential statistic used to determine if there is a
significant difference between the means of two groups, which may be
related in certain features. It is mostly used when the data sets, like the
data set recorded as the outcome from flipping a coin 100 times, would
follow a normal distribution and may have unknown variances. A t-test
is used as a hypothesis testing tool, which allows testing of
an assumption applicable to 3 population. A t-test looks at the t-
statistic, the t-distribution values, andthe degrees of freedom to
determine the statistical significance. To conduct a test with three or
more means, one must use an analysis of variance.

A t-test allows us to compare the average values of the two data sets
and determine if they came from the same population.

Mathematically, the t-test takes a sample from each of the two sets and
establishes the problem statement by assuming a null hypothesis that
the two means are equal. Based on the applicable formulas, certain
values are calculated and compared against the standard values, and
the assumed null hypothesis is accepted or rejected accordingly. If the
null hypothesis qualifies to be rejected, it indicates that data readings
are strong and are probably not due to chance. The t-test is just one of
many tests used for this purpose. Statisticians must additionally use
tests other than the t-test to examine more variables and tests with
larger sample sizes. For a large sample size, statisticians use a z-test.
Other testing options include the chi-square test and the f-test.

19| Page



F-test

An F-testis any statistica| test in
distribution under the null

which the test statistic has an F-

hypothesis. 1t i

. - IS most often used
hen comparin Pcti

W P g statistical Models that have been fitted to a data set,

in order to identify the Model that best fits the population from which
the data were sampled. Exact "F-tests" mainly arise when the models
have been fitted to the data using least squares. The name was coined
by George W. Snedecor, in honour of Sir Ronald A. Fisher. Fisher initially
developed the statistic as the variance ratio in the 1920s.

The F- test determine whether or not the two independent estimates

of the population variances are homogeneous in nature. The researcher

uses the F-test to test the Significance of an observed multiple

correlation coefficient. It is also Used to test the significance of an

observed sample correlation ratio .The F-test have some association
with T-test. According to this association, if a statistic t follows a
student’s t  distribution with ‘n’ degrees of freedom, then the square
of this statistic will follow Snedecor’s F distribution with 1

And n degrees of freedom. The F- test also has some other

associations, like the association between chi square
distribution.

Due to such relationships, the F-test has many properties, like chi

square. The F-values are all non negative. The F distribution in the F-

Test is always non-symmetrically distributed. The mean in F-distribution

in the F-test is Approximately one. There are two independent

degrees of freedom in F distribution, one in the numerator and the

other
In the denominator. There are many different F distributions in the F-

test, one for every pair of degree of freedom.



TheF-test 1S @ Parametric test that helps the researcher draw out an
inference about the data that is dgrawn from a particular population.
The F-test is called a parametric test because of the presence of
parameters in the F-test. These parameters in the F-test are the mean
and variance. The mode of the F-test is the value that is most
frequently in a data set and it is always less than unity. According to
Karl Pearson’s coefficient of skewness, the F-test is highly positively
skewed. The probability distribution of F increases steadily before
reaching the peak, and then it starts decreasing in order to become
tangential at infinity. Thus, we can say that the axis of F is asymptote to
the right.

21 |




7-Test.

'S 5 o Sl¢ . . c Ve
Al tq{ l. l”' y f: !.tl')ﬂl(. il test used to determine whether two population
means are different when the variances are known and the sample size

[ |r””{I

The test statisticis assumed to have a normal distribution, and nuisance
parameters wuch as standard deviation should be known in order for an
sccurate z-test to be performed.

The z-test is also a hypothesis test in which the z-statistic follows a
normal distribution. The z-test is best used for greater-than-30 samples
because, under the central limit theorem, as the number of samples
pets larger, the samples are considered to be approximately normally

distributed.

When conducting a z-test, the null and alternative hypotheses, alpha
and z-score should be stated. Next, the test statistic should be
calculated, and the results and conclusion stated. A z-statistic, or z-
score, is @ number representing how many standard deviations above

or below the mean population a score derived from a z-test is.

sely related to t-tests, but t-tests are best performed
sample size. Also, t-tests assume the
hile z-tests assume it is known. If the
known, the assumption of the
made.

Z-tests are clo
when an experiment has a small

«tandard deviation is unknown, W

«tandard deviation of the population is un

sample variance equaling the population variance is



Chi-Square Test:

chi-square (x2 Lot
) statistic is 5 test that
to actual Measures how a model compares

Ebse:z(;ed data. The data yseq in calculating a chi
era . om, raw, mutually exclusive, drawn )
from independent variables, and d

For example, the results of tossing a
meet these criteria.

Square statistic must

raYNn from a large enough sample.
fair coin

Chi-square te -
statisc‘iic compztrse:‘ztheeosztzina:ses o hVDO'FheSiS RREINE: Th: RGMEqcEe
Between the expected res ard e
ults and the actual results, given the size of

the sample and the number of variables in the
relationship. For these tests, degrees of freedom are utilized to
determine if a certain null hypothesis can be rejected
based on the total number of variables and samples within the
experiment. As with any statistic, the larger the sample size, the more
reliable the results.

There are two main kinds of chi-square tests :the test of
independence, which asks question of relationship, such as,
"Is there a relationship between student sex and course choice

and the goodness-of-fit test, which asks something
Like "How well does the coin in my hand match a theoretically fair

cain?”
Independence
when considering stu

2.,
r

dents expand course choice, a x2 test for

independence could be used. To do this test, the |
Researcher would collect data on the two chosen variables (sex and

_ frequencies at
and then compare the ;
courses picked ) dents select among the offered classes using

i female stu : ,
}c/:]/hIth maL:Taan?ven above and a x2 statistical table. If there is no
© ‘orm. bg tween SeX and courses selection (that is, if they are
relationship be quencies at which male and female

independent),the n the actual fre
23 |




independence can tell us how ikely. it | the sample. A x2 test for
IS

explain any observed di that random c
: N ed difference between the actual f h?ncé can
ata and these theoretical expectations o TTeGUERcies T the

Goodness of fit

x2 provides away to test how well a sample of data matches the
(known or assumed) characteristics of the lar .
sample is intended to re BEF Rz e th?t e
expected properties of th g -If the sample data donot fit the
e population that we are interested in, then
we would not want to use this sample to draw conclusions about the
larger population. For example consider an imaginary coin with exactly
50/50 chance of landing heads or tails and a real coin that you toss 100
times .If this real coin has an is fair ‘then it will also have an equal
probability of landing on either side, and The expected result of tossing
the coin 100 times is that heads will come up 50 times and tails will
come up 50 times. In this case ,x2 can tell us how well the actual results
of 100 coin flips compare to the theoretical model that a fair Coin will
give 50/50 results. The actual toss could come up 50/50, or 60/40,9r
even 90/10. The farther away the actual r‘esults of the 100- tosses is
from 50/50, the less good the fit of this sfet of tosses s to tl;e
theoretical expectation of 50/50 and the more likely we might conclude

that this coin is not actually a fair coin.



Conclusion

once sample data has been gathered through an observational study or
experiment statistical significance allow analyst to assess evidence in
favor or some claim about the population from which the sample has

been drawn the method of test of significance use to support or reject
claims based on sample data,
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