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What is Hypothesis ?

• A hypothesis is an educated guess about 
something in the world around you. It should be 
testable, either by experiment or observation. For 
example:
– A new medicine you think might work.
– A way of teaching you think might be better.
– A possible location of new species.
– A fairer way to administer standardized tests.

• It can really be anything at all as long as you can 
put it to the test. 



What is Hypothesis Statement?

• If you are going to propose a hypothesis, it’s customary to write a 
statement. Your statement will look like this:

• “If I…(do this to an independent variable)….then (this will happen 
to the dependent variable).”

• For example:
– If I (decrease the amount of water given to herbs) then (the 

herbs will increase in size).
– If I (give patients counseling in addition to medication) then 

(their overall depression scale will decrease).
– If I (give exams at noon instead of 7) then (student test scores 

will improve).
– If I (look in this certain location) then (I am more likely to find 

new species).



Good Hypothesis

• A good hypothesis statement should:

– Include an “if” and “then” statement (according to 
the University of California).

– Include both the independent and dependent 
variables.

– Be testable by experiment, survey or other 
scientifically sound technique.

– Be based on information in prior research (either 
yours or someone else’s).

– Have design criteria (for engineering or 
programming projects).



What is Hypothesis Testing?

• Hypothesis testing in statistics is a way for you to 
test the results of a survey or experiment to see if 
you have meaningful results. 

• You’re basically testing whether your results are 
valid by figuring out the odds that your results have 
happened by chance. 

• If your results may have happened by chance, the 
experiment won’t be repeatable and so has little use. 



What is Hypothesis Testing?

Hypothesis testing can be one of the most confusing 
aspects for students, mostly because before you can 
even perform a test, you have to know what your 
null hypothesis is. Often, those tricky word problems 
that you are faced with can be difficult to decipher. 
But it’s easier than you think; all you need to do is:
– Figure out your null hypothesis,
– State your null hypothesis,
– Choose what kind of test you need to perform,
– Either support or reject the null hypothesis.



Null Hypothesis

• If you trace back the history of science, the null 
hypothesis is always the accepted fact. Simple 
examples of null hypotheses that are generally 
accepted as being true are:

– DNA is shaped like a double helix.

– There are 8 planets in the solar system 
(excluding Pluto).

– Taking xxx medicine can increase your risk of 
heart problems (a drug now taken off the 
market).



How to state Null Hypothesis?

• You won’t be required to actually perform a real 
experiment or survey in elementary statistics (or 
even disprove a fact like “Pluto is a planet”!), so 
you’ll be given word problems from real-life 
situations. 

• You’ll need to figure out what your hypothesis is 
from the problem. This can be a little trickier than 
just figuring out what the accepted fact is. 

• With word problems, you are looking to find a fact 
that is nullifiable (i.e. something you can reject).



Hypothesis Testing Example

• A researcher thinks that if knee surgery patients go to physical 
therapy twice a week (instead of 3 times), their recovery period will 
be longer. Average recovery times for knee surgery patients is 8.2 
weeks. 

• The hypothesis statement in this question is that the researcher 
believes the average recovery time is more than 8.2 weeks. It can 
be written in mathematical terms as:

H1: μ > 8.2

• Next, you’ll need to state the null hypothesis (See: How to state 
the null hypothesis). That’s what will happen if the researcher is 
wrong. In the above example, if the researcher is wrong then the 
recovery time is less than or equal to 8.2 weeks. In math, that’s:

H0 μ ≤ 8.2



Making it practically

• In business, you are most likely constantly running 
experiments, trying to improve something. 

• For instance, implementing new processes, running 
marketing campaigns, taking a poll, conducting 
surveys as well as many others. 

• Now, you implemented a change and are capturing 
data from which you analyze the before and after. 

• How can you tell the difference is not just because 
of chance? Enter the importance of statistical 
significance! 



T Test

• There are multiple statistical hypothesis tests out 
there. Each test aims to find if there is a difference 
in one of many statistical properties. 

• Statistical properties include the standard deviation, 
average or variance for example. 

• The T-Test is used to determine if the mean 
(average) of two groups are truly different. 

• It is also called the Student’s T-Test. Not because it’s 
used in college! But rather, because its inventor, 
William Sealy Gosset, used the pseudonym Student.



When to use T Test?

• You use the T-Test when you will be comparing the 
means of two samples. If you have more than 2 samples, 
you will have to run a pairwise T-Test on all samples or 
use another statistical hypothesis method called Anova. 

• When you don’t know the population’s mean and 
standard deviation. In the T-Test, you are comparing 2 
samples of an unknown population. 

• A sample is a randomly chosen set of data points from a 
population. If you do know the population’s mean and 
standard deviation, you would run a Z-Test instead.



When to use T Test?

• When you have a small number of samples. The T-Test 
is commonly used when you have less than 30 samples 
in each of the groups you are running the T-Test on. 

• If you have less than 30 samples in each of the groups, 
you run the T-Test if you can assume the population 
follows a normal distribution. 

• As mentioned previously, the T-Test is commonly used 
on smaller sample sizes. You use the T-Test if the 
samples follow a normal distribution. Why is this 
allowed? You can thank the Central Limit Theorem for 
this.



Types of T Tests

• Independent Sample T-Test. 
– In this type of test, you are comparing the average of two 

independent unrelated groups. Meaning, you are comparing 
samples from two different populations and are testing 
whether or not they have a different average.

• Paired Sample T-Test. 
– In this test, you compare the average of two samples taken from 

the same population but at different points in time. A simple 
example would be when you would like to test the means of 
before and after observations taken from the same target.

• One-Sample T-Test
– Here we test if the average of a single group is different from a 

known average or hypothesized average.



T Tests

• The t test (also called Student’s T Test) compares two 
averages (means) and tells you if they are different 
from each other. 

• The t test also tells you how significant the differences 
are; In other words it lets you know if those differences 
could have happened by chance.



Example:

• Let’s say you have a cold and you try a naturalistic remedy. 
Your cold lasts a couple of days. 

• The next time you have a cold, you buy an over-the-counter 
pharmaceutical and the cold lasts a week. 

• You survey your friends and they all tell you that their colds 
were of a shorter duration (an average of 3 days) when they 
took the homeopathic remedy. 

• What you really want to know is, are these results 
repeatable? 

• A t test can tell you by comparing the means of the two 
groups and letting you know the probability of those 
results happening by chance.



Another Example:

• Student’s T-tests can be used in real life to compare means. 
For example, a drug company may want to test a new 
cancer drug to find out if it improves life expectancy. 

• In an experiment, there’s always a control group (a group 
who are given a placebo, or “sugar pill”). 

• The control group may show an average life expectancy of 
+5 years, while the group taking the new drug might have a 
life expectancy of +6 years. 

• It would seem that the drug might work. But it could be due 
to a fluke. 

• To test this, researchers would use a Student’s t-test to find 
out if the results are repeatable for an entire population.



What is T-score?

• The t score is a ratio between the difference between two 
groups and the difference within the groups. The larger 
the t score, the more difference there is between groups. 

• The smaller the t score, the more similarity there is 
between groups. A t score of 3 means that the groups are 
three times as different from each other as they are within 
each other. 

• When you run a t test, the bigger the t-value, the more 
likely it is that the results are repeatable.
– A large t-score tells you that the groups are different.
– A small t-score tells you that the groups are similar.



T-value and P-value

• How big is “big enough”? Every t-value has a p-value to go 
with it. A p-value is the probability that the results from 
your sample data occurred by chance. 

• P-values are from 0% to 100%. They are usually written as 
a decimal. 

• For example, a p value of 5% is 0.05. Low p-values are 
good; They indicate your data did not occur by chance. For 
example, a p-value of .01 means there is only a 1% 
probability that the results from an experiment happened 
by chance. 

• In most cases, a p-value of 0.05 (5%) is accepted to mean 
the data is valid.



How to perform 2-sample test?

• Lets us say we have to test whether the height of men in 
the population is different from height of women in 
general. So we take a sample from the population and use 
the t-test to see if the result is significant.
– Determine a null and alternate hypothesis.
– Collect sample data
– Determine a confidence interval and degrees of freedom
– Calculate the t-statistic
– Calculate the critical t-value from the t distribution
– Compare the critical t-values with the calculated t 

statistic



Step-1 

• Determine a null and alternate hypothesis.

• In general, the null hypothesis will state that 
the two populations being tested have no 
statistically significant difference. 

• The alternate hypothesis will state that there is 
one present. In this example we can say that:



Step-2

• Collect sample data

• Next step is to collect data for each population 
group. 

• In our example we will collect 2 sets of data, 
one with the height of women and one with the 
height of men. 

• The sample size should ideally be the same but 
it can be different. 

• Lets say that the sample sizes are nx and ny.



Step-3

• Determine a confidence interval and degrees of 
freedom

• This is what we call alpha (α). The typical value 
of α is 0.05. 

• This means that there is 95% confidence that 
the conclusion of this test will be valid. 

• The degree of freedom can be calculated by the 
the following formula:



Step-4

• Calculate the t-statistic

• t-statistic can be calculated using the below formula:

• where, Mx and My are the mean values of the two 
samples of male and female.

• Nx and Ny are the sample space of the two samples S 
is the standard deviation



Step-5

• Calculate the critical t-value from the t 
distribution

• To calculate the critical t-value, we need 2 
things, the chosen value of alpha and the 
degrees of freedom. 

• The formula of critical t-value is complex but it is 
fixed for a fixed pair of degree of freedom and 
value of alpha. 

• We therefore use a table to calculate the critical 
t-value:



Step-5



Step-6 

• Compare the critical t-values with the calculated t statistic

• If the calculated t-statistic is greater than the critical t-
value, the test concludes that there is a statistically 
significant difference between the two populations. 
Therefore, you reject the null hypothesis that there is no 
statistically significant difference between the two 
populations.

• In any other case, there is no statistically significant 
difference between the two populations. The test fails to 
reject the null hypothesis and we accept the alternate 
hypothesis which says that the height of men and women 
are statistically different.



Getting Practical

• One sample t-test : 
– The One Sample t Test determines whether 

the sample mean is statistically different 
from a known or hypothesised population 
mean. The One Sample t Test is a parametric 
test.

– Example :- you have 10 ages and you are 
checking whether avg age is 30 or not. 



Getting Practical

• Two sampled T-test :
– The Independent Samples t Test or 2-sample t-test 

compares the means of two independent groups 
in order to determine whether there is statistical 
evidence that the associated population means 
are significantly different. 

– The Independent Samples t Test is a parametric 
test. This test is also known as: Independent t 
Test.

– Example : is there any association between week1 
and week2 



Getting Practical

• Paired sampled t-test :
– The paired sample t-test is also called dependent 

sample t-test. It’s an uni variate test that tests for 
a significant difference between 2 related 
variables. 

– An example of this is if you where to collect the 
blood pressure for an individual before and after 
some treatment, condition, or time point.

– H0 : means difference between two sample is 0
– H1 : mean difference between two sample is not 0



Categorical Variable

• Categorical variables fall into a particular category 
of those variables that can be divided into finite 
categories. 

• These categories are generally names or labels. 

• These variables are also called qualitative variables 
as they depict the quality or characteristics of that 
particular variable.

• For example, the category “Movie Genre” in a list of 
movies could contain the categorical variables – 
“Action”, “Fantasy”, “Comedy”, “Romance”, etc.



Categorical Variable

• There are broadly two types of categorical variables:

– Nominal Variable: A nominal variable has no natural 
ordering to its categories. They have two or more 
categories. For example, Marital Status (Single, Married, 
Divorcee); Gender (Male, Female, Transgender), etc.

– Ordinal Variable: A variable for which the categories can 
be placed in an order. For example, Customer 
Satisfaction (Excellent, Very Good, Good, Average, Bad), 
and so on

• When the data we want to analyze contains this type of 
variable, we turn to the chi-square test, denoted by χ², to 
test our hypothesis.



Chi-Square Test

• What is the Chi-square goodness of fit test?
– The Chi-square goodness of fit test is a statistical 

hypothesis test used to determine whether a variable 
is likely to come from a specified distribution or not. It 
is often used to evaluate whether sample data is 
representative of the full population.

• When can I use the test?
– You can use the test when you have counts of values 

for a categorical variable.

• Is this test the same as Pearson’s Chi-square test?
– Yes.



Example:

• Let’s learn the use of chi-square with an intuitive 
example.

• A research scholar is interested in the relationship 
between the placement of students in the statistics 
department of a reputed University and their C.G.P.A 
(their final assessment score).

• He obtains the placement records of the past five 
years from the placement cell database (at random). 

• He records how many students who got placed fell 
into each of the following C.G.P.A. categories – 9-10, 8-
9, 7-8, 6-7, and below 6.



Example:

• If there is no relationship between the placement rate and the 
C.G.P.A., then the placed students should be equally spread across 
the different C.G.P.A. categories (i.e. there should be similar 
numbers of placed students in each category).

• However, if students having C.G.P.A more than 8 are more likely to 
get placed, then there would be a large number of placed students in 
the higher C.G.P.A. categories as compared to the lower C.G.P.A. 
categories. In this case, the data collected would make up the 
observed frequencies.

• So the question is, are these frequencies being observed by chance 
or do they follow some pattern?

• Here enters the chi-square test! The chi-square test helps us answer 
the above question by comparing the observed frequencies to the 
frequencies that we might expect to obtain purely by chance.



Assumptions of test

• The χ2 assumes that the data for the study is obtained through 
random selection, i.e. they are randomly picked from the population

• The categories are mutually exclusive i.e. each subject fits in only one 
category. For e.g.- from our above example – the number of people 
who lunched in your restaurant on Monday can’t be filled in the 
Tuesday category

• The data should be in the form of frequencies or counts of a 
particular category and not in percentages

• The data should not consist of paired samples or groups or we can say 
the observations should be independent of each other

• When more than 20% of the expected frequencies have a value of 
less than 5 then Chi-square cannot be used.  To tackle this problem: 
Either one should combine the categories only if it is relevant or 
obtain more data

•



Example 

• This is a non-parametric test. We typically use it to find 
how the observed value of a given event is significantly 
different from the expected value. In this case, we have 
categorical data for one independent variable, and we 
want to check whether the distribution of the data is 
similar or different from that of the expected distribution.

• Let’s consider the above example where the research 
scholar was interested in the relationship between the 
placement of students in the statistics department of a 
reputed University and their C.G.P.A.

• In this case, the independent variable is C.G.P.A with the 
categories 9-10, 8-9, 7-8, 6-7, and below 6.



Example 

• In this case, the independent variable is C.G.P.A with the 
categories 9-10, 8-9, 7-8, 6-7, and below 6.

• The statistical question here is: whether or not the 
observed frequencies of placed students are equally 
distributed for different C.G.P.A categories (so that our 
theoretical frequency distribution contains the same 
number of students in each of the C.G.P.A categories).

• We will arrange this data by using the contingency table 
which will consist of both the observed and expected 
values as below:



Example 



Example 

• After constructing the contingency table, the next task 
is to compute the value of the chi-square statistic. The 
formula for chi-square is given as:

where,

    χ2 = Chi-Square value

    Oi = Observed frequency

    Ei = Expected frequency



Steps 

• Step 1: Subtract each expected frequency from the related observed 
frequency. For example, for the C.G.P.A category 10-9, it will be “30-20 = 10”. 
Apply similar operation for all the categories

• Step 2: Square each value obtained in step 1, i.e. (O-E)2. For example: for the 
C.G.P.A category 10-9, the value obtained in step 1 is 10. It becomes 100 on 
squaring. Apply similar operation for all the categories

• Step 3: Divide all the values obtained in step 2 by the related expected 
frequencies i.e. (O-E)2/E. For example: for the C.G.P.A category 10-9, the value 
obtained in step 2 is 100. On dividing it with the related expected frequency 
which is 20, it becomes 5. Apply similar operation for all the categories

• Step 4: Add all the values obtained in step 3 to get the chi-square value. In this 
case, the chi-square value comes out to be 32.5

• Step 5: Once we have calculated the chi-square value, the next task is to 
compare it with the critical chi-square value. We can find this in the below chi-
square table against the degrees of freedom (number of categories – 1) and 
the level of significance:



Example 



Example 

• In this case, the degrees of freedom are 5-1 = 4. So, the 
critical value at 5% level of significance is 9.49.

• Our obtained value of 32.5 is much larger than the 
critical value of 9.49. Therefore, we can say that the 
observed frequencies are significantly different from 
the expected frequencies. 

• In other words, C.G.P.A is related to the number of 
placements that occur in the department of statistics.



ANOVA Test

• ANOVA, which stands for Analysis of Variance, is 
a statistical test used to analyze the difference 
between the means of more than two groups.

• A one-way ANOVA uses one independent 
variable, while a two-way ANOVA uses two 
independent variables.



When to use?

• Use a one-way ANOVA when you have collected data about one 
categorical independent variable and one quantitative dependent 
variable. The independent variable should have at least three levels (i.e. 
at least three different groups or categories).

• ANOVA tells you if the dependent variable changes according to the 
level of the independent variable. For example:
– Your independent variable is social media use, and you assign groups 

to low, medium, and high levels of social media use to find out if there 
is a difference in hours of sleep per night.

– Your independent variable is brand of soda, and you collect data on 
Coke, Pepsi, Sprite, and Fanta to find out if there is a difference in the 
price per 100ml.

– You independent variable is type of fertilizer, and you treat crop fields 
with mixtures 1, 2 and 3 to find out if there is a difference in crop yield.



When to use?

• The null hypothesis (H0) of ANOVA is that there 
is no difference among group means. 

• The alternate hypothesis (Ha) is that at least one 
group differs significantly from the overall 
mean of the dependent variable.

• If you only want to compare two groups, use a t-
test instead.



ANOVA

• We can use ANOVA to prove/disprove if all the 
medication treatments were equally effective 
or not.



How it works?

• ANOVA determines whether the groups created by 
the levels of the independent variable are 
statistically different by calculating whether the 
means of the treatment levels are different from 
the overall mean of the dependent variable.

• If any of the group means is significantly different 
from the overall mean, then the null hypothesis is 
rejected.



How it works?

• ANOVA uses the F-test for statistical significance. 
This allows for comparison of multiple means at once, 
because the error is calculated for the whole set of 
comparisons rather than for each individual two-way 
comparison (which would happen with a t-test).

• The F-test compares the variance in each group mean 
from the overall group variance. 

• If the variance within groups is smaller than the 
variance between groups, the F-test will find a higher 
F-value, and therefore a higher likelihood that the 
difference observed is real and not due to chance.



Assumptions of ANOVA

• The assumptions of the ANOVA test are the same as the general 
assumptions for any parametric test:
– Independence of observations: the data were collected using 

statistically-valid methods, and there are no hidden relationships 
among observations. If your data fail to meet this assumption 
because you have a confounding variable that you need to 
control for statistically, use an ANOVA with blocking variables.

– Normally-distributed response variable: The values of the 
dependent variable follow a normal distribution.

– Homogeneity of variance: The variation within each group being 
compared is similar for every group. If the variances are different 
among the groups, then ANOVA probably isn’t the right fit for 
the data.



ANCOVA Test

• ANCOVA is a blend of analysis of variance (ANOVA) and 
regression. 

• It is similar to factorial ANOVA, in that it can tell you 
what additional information you can get by considering 
one independent variable (factor) at a time, without the 
influence of the others. It can be used as:

– An extension of multiple regression to compare 
multiple regression lines,

– An extension of analysis of variance.



ANCOVA Test

• ANCOVA can explain within-group variance. It takes the 
unexplained variances from the ANOVA test and tries to 
explain them with confounding variables (or other 
covariates). 

• You can use multiple possible covariates. However, more 
you enter, the fewer degrees of freedom you’ll have. 
Entering a weak covariate isn’t a good idea as it will reduce 
the statistical power. 

• The lower the power, the less likely you’ll be able to rely 
on the results from your test. 

• Strong covariates have the opposite effect: it can increase 
the power of your test.



Steps of ANCOVA

• General steps are:

– Run a regression between the independent and 
dependent variables.

– Identify the residual values from the results.

– Run an ANOVA on the residuals.



Assumptions of ANCOVA

• Assumptions are basically the same as the ANOVA 
assumptions. Check that the following are true 
before running the test:

– Independent variables (minimum of two) should 
be categorical variables.

– The dependent variable and covariate should be 
continuous variables (measured on an interval 
scale or ratio scale.)

– Make sure observations are independent. In other 
words, don’t put people into more than one group.



tushar@tusharkute.com

      Thank you
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