
M
G

 A
n

a
ly

tic
s

Inferential 

Statistics
By  MG ANALYTICS



M
G

 A
n

a
ly

tic
s

Types:

Descriptive Statistics:

 It consists of the collection, organization, 

summarization, and presentation of data. (It 

describes the situation as it is). 

 Inferential Statistics: 

 It consists of making inferences from samples to 

populations, hypothesis testing, determining 

relationships among variables,      and making 

predictions. (It is based on probability theory.) 
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Why ?

Descriptive statistics describes data 

inferential statistics allows you to 

make predictions (“inferences”) 

from that data. 

With inferential statistics, you take 

data from samples and generalize 

about a population.
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Why?

 Inferential statistics provide a way of going from a “sample” to a 

“population” inferring the “parameters” of a population from data 

on the “statistics” of a sample. 

 It is usually necessary for a researcher to work with samples rather 

than a whole population. but one difficulty is that a sample is 

generally not identical to the population from which it comes. 

 Another difficulty is that no two samples are the same. How can we 

know which best describes the population? We need rules that 

relate samples to population.
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Estimation 

Techniques

 There are two different approaches for 

estimating: Point Estimation and Interval 

Estimation.

 • For Point Estimation you give one value for a 
characteristic, which is hopefully close to the 

true unknown value. 

 We can not expect to find the precise value 

describing the population when only using 

data of a sample. 

 • For Interval Estimation you give an interval of 

likely values, where the width of the interval will 

depend on the confidence you require to have 

in this interval.
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Caution!!
 Statistics NEVER prove anything, instead, 

they  indicate a relationship within a given 

probability  of error.

 An association does not necessarily 

indicate a  sure cause effect relationship.  

 Statistics can always be wrong, however, 
there  are things that researchers can do to 

improve the  likelihood that the statistical 

analysis is correctly  identifying a 

relationship between variables.   
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Variable Types

 Qualitative Variables  – No mathematical meaning or Non-numerical variables that can 
be placed into distinct categories, according to  some characteristic or attribute.       Ex) 
gender, religious preferences, geographic locations, grades of        a student, car‟s tags, 
numbers on the uniforms of baseball players, etc. 

 Quantitative Variables - numerical in nature and can be ordered or ranked. Ex) age, 
heights, weights, body temperatures, etc. 

 Discrete Variables :  assume values that can be counted  such as whole numbers.

Ex) the number of children in a family, the number of students in a class-room, the 
number of calls received by a switchboard operator each day for one month,   
batting order numbers of baseball, etc. 

 Continuous Variables:  can assume all values between any two specific values by 
measuring. 

Ex) Temperature, height, weight, length, time, speed,  etc.
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Measurement 
Scales Of Data
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Frequency 

Distribution vs 

Probability 

Distribution.

frequency distribution gives the exact 
frequency or the number of times a data 
point occurs

Probability distribution gives the probability
of occurrence of the given data point. 

When the number of test cases are large, 
the frequency distribution and the 
probability distributions are similar in shape.



M
G

 A
n

a
ly

tic
s

Data Frequency Relative frequency Probability

10 2 2/50
0.04

11 3 3/50
0.06

12 5 5/50
0.1

13 6 6/50
0.12

14 4 4/50
0.08

15 0 0/50
0

16 14 14/50
0.28

17 10 10/50
0.2

18 6 6/50
0.12

Total 50 1
1
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“The 

Distribution 

of Sample 

Means”

 Definition: the distribution of sample means is the 

collection of sample means for all the possible 

random samples of a particular size (n) that can 

be obtained from a population. 

 It is not a distribution of scores, but a distribution of 

statistics. 

 This distribution tends to be normal.

 It will be almost perfectly normal if either: 

 the population from which the sample is drawn is 

normal, or 

 the n of the sample is relatively large (30 or more). 

This distribution has a mean that is equal to the 

population mean;
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Normal 

Curve

 1. A normal distribution curve is bell-shaped 

 The mean, median, and mode are equal and are 
located      at the center of the distribution 

 A normal distribution curve is unimodal (i.e., it has only 
one mode) 

 The curve is symmetric about the mean, which is 
equivalent to      saying  that its shape is the same on 
both sides of a vertical line passing      through the 
center 

 The curve is continuous, that is, there are no gaps or 
holes.      For each value of X, there is a corresponding 
value of Y 

 The curve never touches the x axis.      Theoretically, no 
matter how far in either direction the curve extends,     it 
never meets the x axis – but it gets increasingly closer 

 The total area under a normal distribution curve is equal 
to 1 or 100%  

 Area under curve gives the probability of a point falling 
in the area
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 The area under the part of 
a normal curve that lies 
within 1 standard deviation 
of the mean is 
approximately 0.68, or 68%

 within 2 standard 
deviations, about 0.95, or 
95%; 

 and within 3 standard 
deviations, about 0.997, or 
99.7%. The Empirical rule 
applies. 


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Central Limit 

Theorem

The distribution of sample means (the sampling 

distribution) should be nearly normal. 

The mean of the sampling distribution should be 

approximately equal to the population mean (0.12)

 The standard error is the standard deviation of sample 

means 

SE = SD /SQRT(N) => (20.06/sqrt(103) = 1.98). 

https://gallery.shinyapps.io/CLT_mean/
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Z- score 

standardization

It is used to scale the data so that all 

the variables have same range.

Example : Age and Salary.

For standard normal distribution, the 

mean is 0 and standard deviation in 1

Z =( x-µ )/ 

SNO Age Salary Scaled 
Age

Scaled 
Salary

1 20 20500 -1.29352 -1.45646

2 24 25000 -0.92021 -0.92299

3 30 30000 -0.36041 -0.33024

4 34 34000 0.013072 0.143954

5 36 35000 0.199813 0.262503

6 41 40000 0.666667 0.855249

7 52 45000 1.693744 1.447995

Mean µ =

33.85714 32785.71429

STDEV =

10.71492 8435.328204
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Z SCORE

• Standard Scores  or z score ( z ) - a comparison of a relative standard like both(the mean and 
standard deviations ) can be made.

• Number of standard deviations a data value is above or below the mean for a specific 
distribution of values 

• z-score is a very useful statistic because it allows us to calculate the probability of a score
occurring within our normal distribution

• it enables us to compare two scores that are from different normal distributions.

• If a Z-score is 0, it indicates that the data point's score is identical to the mean score.

• A Z-score of 1.0 would indicate a value that is one standard deviation from the mean. 

• Z-scores may be positive or negative, with a positive value indicating the score is above the 
mean and a negative score indicating it is below the mean.
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Finding probabilities (area)  for 
a normally distributed variable 
by transforming it into a 
standard normal variable by 
using the formula..
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for given percentage,  
using the standard normally 
distribution.
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ConfidenceIntervals

A confidence interval refers to the probability that a population 

parameter will fall between two set values for a certain proportion of 

times. 

Confidence intervals measure the degree of uncertainty or certainty 

in a sampling method.

• Symmetric about mean of data.

• CI can have different degrees of confidence 60%, 80%, 99% etc.

• Greater the sample size, smaller the Confidence Interval, i.e more 

accurate determination of population mean from the sample 

means.

• Different Sample means will have different CIs
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Confidence 

Interval

 (1−αlpha) gives the probability, that the true value 
falls into the calculated intervals. 

 You also can give the confidence level in percent. 

 Usual choices for the confidence level are 90%, 95%, 
or 99%. 

 Most confidence intervals are of the form (point 
estimator) ± margin of error.
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A random sample of 200 nurses is taken and each nurse asked his or her annual 

income in whole dollars.  These 200 nurses have an average income of $ 35,000, 

SD of $ 5000.

The 90 % CI

will be : (34,415 to 35,585). 

The interval width = 1170 $.

The 95 % CI

= 35,000±1.96 (5000/ √200) = 35,000 ±695. (34,305  to 35,695 $ ) 

= this is the estimate of the average income of all nurses  with a 95 %  

confidence. 

The interval width = 35,695-34,305 = $ 1390.

The 99 % CI

= 35,000 ±2.58 (5000 / √200) = 35,000 ±915 (34,085 to 35,915) = 

the interval width is 1830.
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Hypothesis 

testing

 Hypothesis testing is defined in two terms – Null 

Hypothesis and Alternate Hypothesis.

 Null Hypothesis being the sample statistic to be 
equal to the population statistic. For eg: The Null 

Hypothesis for the above example would be that 

the average marks after extra class are same as 

that before the classes.

 Alternate Hypothesis for this example would be that 

the marks after extra class are significantly different 

from that before the class.
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Hypothesis testing

 Hypothesis testing is an inferential procedure that uses sample data to 

evaluate the credibility of a hypothesis about a population.

 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 as long as you can put it to the test.
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What is a 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).

 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.

http://www.csub.edu/~ddodenhoff/Bio100/Bio100sp04/formattingahypothesis.htm
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General 

structure of 

hypothesis 

testing

 All hypothesis testing procedures follow the 

same general structure: 

 Null Hyp. (H0): A specific statement about a 

population parameter (or parameters). We 

would like to prove this wrong if possible. 

 Alt. Hyp. (H1): A general statement about a 
population parameter (or parameters) 

opposing H0. 

 Data: Random sample(s) from the 

population(s)
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Null Hypothesis

 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.

 Null Hypothesis : What happens if researcher is wrong…

 if the researcher is wrong then the recovery time is less than or equal to 8.2 weeks 

 H0:   μ ≤ 8.2

 Alternate Hypothesis: What happens if the treatment applied by researcher 
works.

 Average recovery time is more than 8.2 weeks.

 H1:   μ > 8.2
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Statement creation

 A study of the dental status of critically ill children in a Paediatric Intensive Care Unit 
examined 16 children with permanent teeth and found that the mean number of 
missing or filled teeth was 1.2 with a standard deviation of 1.9. Extensive analysis has 
established that the mean number of such teeth in the wider population of children is 
1.4. Test whether the mean for critically ill children differs from this.

 Null Hyp. A specific statement about a population parameter (or parameters). We 
would like to prove this wrong if possible.

H0 : µ = 1.4 missing/filled teeth

 Alt Hyp. A general statement about a population parameter (or parameters) opposing 
H0. 

H1 : µ 6= 1.4 missing/filled teeth
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Probability theory:

Probability theory: Allows us to calculate the exact probability that  chance was the real 
reason for the relationship.    

Probability theory allows us to produce test statistics (using  mathematical formulas)   

A test statistic is a number that is used to decide whether to accept or  reject the null 
hypothesis.  

The most common statistical tests include:

 • Chi-‐square

 • T-‐test

 • ANOVA

 • Correlation

 • Linear Regression
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Z - Test and T - Test

 P values is the value of probability obtained from Z value or t value from z/t 

tables.

 If the probability of obtaining a particular sample mean is less than the alpha 

value then it is called to be falling in tail or also known as critical region.

 If Z score or T score is greater than the critical level i.e. when p value is less 

than critical alpha value then it is said that the mean is significantly different 

than the population mean hence pointing that the population is entirely 

different.

 Which mean there was no impact from the treatment on the existing 

population thus the null hypothesis is rejected.

 We cannot accept the null hypothesis we can only reject it on the basis of 

evidence.
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Example1

 On a 25-point satisfaction scale, men and women 

differed by about 5 points (means were 18.75 and 

23.5, respectively) 

 They were not identical, but how likely is a 5 point 

difference to occur just by chance? 

 An analysis was conducted, and the p-value for the 

gender comparison was p = .11 

 Thus, there was about a 11% chance that this data 

(the 5 point difference) would occur by chance 

 The p-value is greater than .05, so we would fail to 

reject the null (results are not significant)

 Thus, there is no evidence that males and females 

differ in their satisfaction
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Example 2

Suppose we were comparing how males and females 
differed with respect to how likely they would be to 
recommend an online course (measured on a 5 point scale)

The null hypothesis states that there is no difference between 
men and women in their recommendation of an online course. 

(H0: X = Y) 

On a 5-point satisfaction scale, men and women differed by 
about 1 point (means were 4.3 and 3.1, respectively)

They were not identical, but how likely is a 1 point difference 
to occur by chance?

An analysis was conducted, and the  p-value for the gender 
comparison was  p = .03 

Thus, there was only a 3% probability that this data would 
occur by chance

The p-value is less than .05, so we would reject the null (results 
are significant)

Thus, there is evidence that males and females differ in their 
recommendations
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There are two types of errors that are 

generally encountered while conducting 

Hypothesis Testing.

•Type I error: Look at the following

scenario – A male human tested positive

for being pregnant. Is it even possible?

This surely looks like a case of False

Positive. More formally, it is defined as the

incorrect rejection of a True Null

Hypothesis. The Null Hypothesis, in this

case, would be – Male Human is not

pregnant.

•Type II error: Look at another scenario

where our Null Hypothesis is – A male

human is pregnant and the test supports

the Null Hypothesis. This looks like a case

of False Negative. More formally it is

defined as the acceptance of a false Null

Hypothesis.
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Meaning of 

Statistical 

Significance

p-values tell how likely it was that our sample was 

drawn from a hypothetical population where “nothing 

was going on” 

Thus, the term “statistical significance” simply means 

that the obtained results are unlikely to represent a 

situation where there was no relationship between 

variables 

The difference is big enough to be unlikely to have 

happened simply due to chance

The smaller the P-value, the greater your confidence 

in the statistical result.

Alpha does not change whereas P values are 

dependent on the actual value of the statistic in 

question.
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T - Test

 Using Z is not always possible as we would not have 
the population parameters always handy. Hence we 
use another version which is Student’s T-Test.

 Use T-test if:

 Has a sample size below 30,

 Has an unknown population standard deviation

 Assumptions of the test :

 Data is independent.

 Data is collected randomly.

 The data is approximately normally distributed.

 Interpretation of t-ratio: If the calculated t is less 
than the tabulated values of t in table at 0.05 or 0.01 
levels then the null hypothesis is accepted.

 If the calculated t is greater than the tabulated t at 
0.05 or 0.01 levels then the null hypothesis is rejected



M
G

 A
n

a
ly

tic
s

Types of T-Test

 A One sample t-test tests the mean of a single group against a known mean.

 An Independent Samples t-test compares the means for two independent 
groups for e.g. male and female. 

 A Paired sample t-test compares means from the same group at different times 

(say, one year apart).
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Degrees of 

Freedom 

One sample t-test or paired t-test = N-1 

 Independent t-test = N-2 

Chi-square test =  (# rows -1)  x  (# columns – 1) 

 ANOVA : 

df between groups = (# levels or groups – 1) 

df within groups = (# subjects -# of levels) 

 Correlations = N-2
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http://www.z-table.com/

http://www.ttable.org/

https://www.graphpad.com/quickcalcs/contMenu/

http://www.ttable.org/
http://www.ttable.org/
https://www.graphpad.com/quickcalcs/contMenu/
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Independent Sample Test

Assumptions for the Independent Samples T Test

Assumption of Independence: you need two independent, categorical groups that 

represent your independent variable. In the above example of test scores “males” or 

“females” would be your independent variable.

Assumption of normality: the dependent variable should be approximately normally 

distributed. The dependent variable should also be measured on a continuous scale. 

In the above example on average test scores, the “test score” would be the 

dependent variable.

For example, you might test two different groups of customer service associates on 

a business-related test or testing students from two universities on their English skills
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Example: Data set A: 1,2,2,3,3,4,4,5,5,6

Data set B: 1,2,4,5,5,5,6,6,7,9

Step 1: Sum the two groups:

A: 1 + 2 + 2 + 3 + 3 + 4 + 4 + 5 + 5 + 6 = 35

B: 1 + 2 + 4 + 5 + 5 + 5 + 6 + 6 + 7 + 9 = 50

Step 2: Square the sums from Step 1:

352 = 1225

492 = 2500

Step 3: Calculate the means for the two groups:

A: (1 + 2 + 2 + 3 + 3 + 4 + 4 + 5 + 5 + 6)/10 = 35/10 = 3.5

B: (1 + 2 + 4 + 5 + 5 + 5 + 6 + 6 + 7 + 9) = 50/10 = 5

Step 4: Square the individual scores and then add them up:

A: 11 + 22 + 22 + 33 + 33 + 44 + 44 + 55 + 55 + 66 = 145

B: 12 + 22 + 44 + 55 + 55 + 55 + 66 + 66 + 77 + 99 = 298
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Step 5: Insert your numbers into the following formula and solve:

(ΣA)2: Sum of data set A, squared (Step 2).

(ΣB)2: Sum of data set B, squared (Step 2).

μA: Mean of data set A (Step 3)

μB: Mean of data set B (Step 3)

ΣA2: Sum of the squares of data set A (Step 4)

ΣB2: Sum of the squares of data set B (Step 4)

nA: Number of items in data set A

nB: Number of items in data set B 

https://www.statisticshowto.com/wp-content/uploads/2015/07/t-test-formula-a.png
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Step 6: Find the Degrees of freedom (nA-1 + nB-1) = 18

Step 7: Look up your degrees of freedom (Step 6) in the t-table. If you don’t know what your alpha level is, use 

5% (0.05).

18 degrees of freedom at an alpha level of 0.05 = 2.10.

Step 8: Compare your calculated value (Step 5) to your table value (Step 7). The calculated value of -1.79 is 

less than the cutoff of 2.10 from the table. Therefore p > .05. As the p-value is greater than the alpha level, we 

cannot conclude that there is a difference between means.

https://www.statisticshowto.com/wp-content/uploads/2015/07/t-test-formula-2-1.png
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Paired T Test

 Choose the paired t-test if you have two measurements on the same item, 

person or thing. You should also choose this test if you have two items that 

are being measured with a unique condition. 

 For example, you might be measuring car safety performance in Vehicle 
Research and Testing and subject the cars to a series of crash tests. 

 The null hypothesis for the for the independent samples t-test is μ1 = μ2. In 

other words, it assumes the means are equal.

 With the paired t test, the null hypothesis is that the pairwise difference 

between the two tests is equal (H0: µd = 0).
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Step 1: Subtract each Y score from each X score.

question: Calculate a paired t test by hand for the following data

https://www.statisticshowto.com/wp-content/uploads/2014/12/paired-t-test-example-3.png
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Step 2: Add up all of the values from Step 1.

Step 3: Square the differences from Step 1.

Step 4: Add up all of the squared differences from Step 3.

https://www.statisticshowto.com/wp-content/uploads/2014/12/paired-t-test-example-6.png


M
G

 A
n

a
ly

tic
s

Step 5: Use the following formula to calculate the t-score:

ΣD: Sum of the differences (Sum of X-Y from Step 2)

ΣD2: Sum of the squared differences (from Step 4)

(ΣD)2: Sum of the differences (from Step 2), squared.

https://www.statisticshowto.com/wp-content/uploads/2014/12/paired-t-test-example.png
https://www.statisticshowto.com/wp-content/uploads/2014/12/paired-t-test-example-7v3.png
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Step 6: Subtract 1 from the sample size to get the degrees of freedom. We have 11 items, 

so 11-1 = 10.

Step 7: Find the p-value in the t-table, using the degrees of freedom in Step 6. If you don’t 

have a specified alpha level, use 0.05 (5%). For this sample problem, with df=10, the t-

value is 2.228.

Step 8: Compare your t-table value from Step 7 (2.228) to your calculated t-value (-2.74). 

The calculated t-value is greater than the table value at an alpha level of .05. The p-

value is less than the alpha level: p <.05. We can reject the null hypothesis that there is no 

difference between means.
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Chi Square : Goodness of Fit

 Non-parametric hypothesis tests using the chi-square 

statistic:  

 the chi-square test for goodness of fit 

 the chi-square test for independence.
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➢ The term "non-parametric" refers to the fact that the chi-square tests do not 

require assumptions about population parameters nor do they test hypotheses 

about population parameters.  

➢ Previous examples of hypothesis tests, such as the t tests, are parametric tests

and they do include assumptions about parameters and hypotheses about 

parameters.   

➢ The most obvious difference between the chi-square tests and the T-Test 

hypothesis test we have considered is the nature of the data. 

➢ For chi-square, the data are frequencies rather than numerical scores.

Non-parametric
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The Chi-Square Test for 

Goodness-of-Fit 

 The chi-square test for goodness-of-fit uses frequency data from a 

sample to test hypotheses about the shape or proportions of a 

population. 

 The chi-square test is used to test if a sample of data came from a 
population with a specific distribution.

 Every individual in the sample is classified into one category on the 

scale of measurement.  

 The data, called observed frequencies, simply count how many 

individuals from the sample are in each category.  
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The Chi-Square Test for Goodness-of-Fit 
(cont.)

The null hypothesis specifies the 
proportion of the population 

that should be in each 
category.  

The proportions from the null 
hypothesis are used to 

compute expected 
frequencies that describe how 
the sample would appear if it 
were in perfect agreement 

with the null hypothesis. 
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Example:

Consider a standard package of milk 

chocolate M&Ms. There are six different 

colors: red, orange, yellow, green, blue 

and brown. Suppose that we are 

curious about the distribution of these 

colors and ask, do all six colors occur in 

equal proportion? This is the type of 

question that can be answered with a 

goodness of fit test. 
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Why Chi Square?

We begin by noting the setting and why the 

goodness of fit test is appropriate. Our variable of 

color is categorical. There are six levels of this variable, 

corresponding to the six colors that are possible. We 

will assume that the M&Ms we count will be a simple 

random sample from the population of all M&Ms. 



M
G

 A
n

a
ly

tic
s

Null and Alternate Hypothesis

The null and alternative hypotheses for our goodness of fit test reflect the assumption 

that we are making about the population. Since we are testing whether the colors occur 

in equal proportions, our null hypothesis will be that all colors occur in the same 

proportion. 

More formally, if p1 is the population proportion of red candies, p2 is the population 

proportion of orange candies, and so on, then the null hypothesis is that p1 = p2 = . . . = p6

= 1/6. 

The alternative hypothesis is that at least one of the population proportions is not equal 

to 1/6. 
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Expected 

Counts

The actual counts are the number of candies for each 

of the six colors.

 The expected count refers to what we would expect 

if the null hypothesis were true. 

We will let n be the size of our sample. The expected 

number of red candies is p1 n or n/6. 

In fact, for this example, the expected number of 

candies for each of the six colors is simply n times pi, or 

n/6. 
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Chi-square Statistic for 
Goodness of Fit

If the null hypothesis were true, then 

the expected counts for each of these 

colors would be (1/6) x 600 = 100. 

We now use this in our calculation of 

the chi-square statistic. 

We calculate the contribution to our 

statistic from each of the colors. Each is 

of the form:

Color Frequency Chi Stat calc Chi Value

Blue 212 (212 – 100)2/100 125.44

Orange 147 (147 – 100)2/100 22.09

Green 103 (103 – 100)2/100 0.09

Red 50 (50 – 100)2/100 25

Yellow 46 (46 – 100)2/100 29.16

Brown 42 (42 – 100)2/100 33.64

Sum: 235.42
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Degrees of Freedom 

The number of degrees of freedom for a goodness of fit test is simply one less than the 

number of levels of our variable. Since there were six colors, we have 6 – 1 = 5 degrees of 

freedom. 

Since we have a very miniscule p-value, we reject the null hypothesis. We conclude that 

M&Ms are not evenly distributed among the six different colors. 



M
G

 A
n

a
ly

tic
s

Example 2:

A new casino game involves rolling 3 dice. The winnings are directly proportional to the total 

number of sixes rolled. Suppose a gambler plays the game 100 times, with the given 

observed counts.

The casino becomes suspicious of the gambler and wishes to determine whether the dice 

are fair. What do they conclude? 

(48-58)²/58 + (35-34.5)²/58 + (15-7)²/7 + (3-0.5)²/0.5 

= 1.72 + 0.007 + 9.14 + 12.5 = 23.367. 
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Conclusion:

the chi-square test statistic was calculated to be 23.367. Since k = 4 in this case (the possibilities are 0, 

1, 2, or 3 sixes), the test statistic is associated with the chi-square distribution with 3 degrees of 

freedom. 

Since 23.367 is clearly greater than 7.815, we may reject the null hypothesis that the 

dice are fair at the 0.05 significance level. 
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256 visual artists were surveyed to find out their zodiac sign. Test the hypothesis that zodiac 

signs are evenly distributed across visual artists.

In general, small p-values (1% to 

5%) would cause you to reject the 

null hypothesis. This very large p-

value (92.65%) means that the null 

hypothesis should not be rejected.
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Test for 

Independence 

 The second chi-square  test, the chi-

square test for independence, can be 

used and interpreted in two different 

ways:

 Testing hypotheses about the 

relationship between two variables 

in a population, or

 Testing hypotheses about 

differences between proportions 

for two or more populations.
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Test for 

Independence 

(cont.)

 Although the two versions of the test for 

independence appear to be different, they are 

equivalent, and they are interchangeable.  

 The first version of the test emphasizes the 
relationship between chi-square and a 

correlation, because both procedures examine 

the relationship between two variables. 

 It determines whether there is an association 

between categorical variables, also known as: 

Chi-Square Test of Association.
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A very small chi square test statistic means that your observed data fits your expected 

data extremely well. In other words, there is a relationship. 

A very large chi square test statistic means that the data does not fit very well. In other 

words, there isn’t a relationship.

The subscript “c” are the degrees of freedom. “O” is your observed value and E is your 

expected value. 
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Example

A public opinion poll surveyed a simple random 

sample of 1000 voters. Respondents were 

classified by gender (male or female) and by 

voting preference (Republican, Democrat, or 

Independent). Results are shown in the 

contingency table.

Is there a gender gap? Do the men's voting 

preferences differ significantly from the women's 

preferences? Use a 0.05 level of significance.

Voting 

Preferences Row 
total

Rep Dem Ind

Male 200 150 50 400

Female 250 300 50 600

Column 
total

450 450 100 1000
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Solution:
Ho: Gender and voting preferences are independent.

Ha: Gender and voting preferences are not independent.

• Degrees of freedom:                            DF = (r - 1) * (c - 1) 

Where r is the number of levels for one categorical variable, and c is the number of levels 

for the other categorical variable.

• Expected frequencies. The expected frequency counts are computed separately for 

each level of one categorical variable at each level of the other categorical variable. 

Er,c = (nr * nc) / n 

level r of Variable A, level c of Variable B, 

nr is the total number of sample observations at level r of Variable A, 

nc is the total number of sample observations at level c of Variable B, 

n is the total sample size.

Χ2 = Σ [ (Or,c - Er,c)2 / Er,c ] 

Or,c is the observed frequency count at level r of Variable A and level c of Variable B, and 

Er,c is the expected frequency count at level r of Variable A and level c of Variable B.
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Calculations

Voting 
Preferences Row 

total
Rep Dem Ind

Male 200 150 50 400

Female 250 300 50 600

Column 
total

450 450 100 1000

P-value (0.0003) is less than the 

significance level (0.05), we cannot 

accept the null hypothesis. Thus, we 

conclude that there is a relationship 

between gender and voting 

preference.
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ANOVA
Analysis of variance, or ANOVA, is a technique from 

statistical interference that allows us to deal with several 

populations. 
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To conduct ANOVA with the M&M, we would test the null hypothesis H0:μ1 = μ2 = μ3= μ4. 

This states that there is no difference between the mean weights of the red, blue and            

green M&Ms. The alternative hypothesis is that there is some difference between the             

mean weights of the red, blue, green and orange M&Ms. This hypothesis is really a combination 

of several statements Ha: 

The mean weight of the population of red candies is not equal to the mean weight of the 

population of blue candies, OR

The mean weight of the population of blue candies is not equal to the mean weight of the 

population of green candies, OR

The mean weight of the population of green candies is not equal to the mean weight of the 

population of orange candies, OR

The mean weight of the population of green candies is not equal to the mean weight of the 

population of red candies, OR

The mean weight of the population of blue candies is not equal to the mean weight of the 

population of orange candies, OR

The mean weight of the population of blue candies is not equal to the mean weight of the 

population of red candies.

p-value, we would utilize a probability distribution known as the F-distribution. Calculations 

involving the ANOVA F test can be done by hand, but are typically computed with statistical 

software. 
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Steps:

Calculate the sample means for each of our samples as well as the mean for all of the sample data.

Calculate the sum of squares of error. Here within each sample, we square the deviation of each data 
value from the sample mean. The sum of all of the squared deviations is the sum of squares of error, 
abbreviated SSE.

Calculate the sum of squares of treatment. We square the deviation of each sample mean from the overall 
mean. The sum of all of these squared deviations is multiplied by one less than the number of samples we 
have. This number is the sum of squares of treatment, abbreviated SST.

Calculate the degrees of freedom. The overall number of degrees of freedom is one less than the total 
number of data points in our sample, or n - 1. The number of degrees of freedom of treatment is one less than 
the number of samples used, or m - 1. The number of degrees of freedom of error is the total number of data 
points, minus the number of samples, or n - m.

Calculate the mean square of error. This is denoted MSE = SSE/(n - m).

Calculate the mean square of treatment. This is denoted MST = SST/m - `1.

Calculate the F statistic. This is the ratio of the two mean squares that we calculated. 

 F = MST/MSE.
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Data and Sample Means 

Suppose we have four independent populations that satisfy the conditions for single factor ANOVA. 

We wish to test the null hypothesis H0: μ1 = μ2 = μ3 = μ4. 

For this example we will use a sample of size three from each of the populations being studied. 

The data from our samples is: 

Sample from population #1: 12, 9, 12. This has a sample mean of 11.

Sample from population #2: 7, 10, 13. This has a sample mean of 10.

Sample from population #3: 5, 8, 11. This has a sample mean of 8.

Sample from population #4: 5, 8, 8. This has a sample mean of 7.

The mean of all of the data is 9. 
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Sum of Squares of Error 

We now calculate the sum of the squared deviations from each sample 

mean. This is called the sum of squares of error. 

For the sample from population #1: (12 – 11)2 + (9– 11)2 +(12 – 11)2 = 6

For the sample from population #2: (7 – 10)2 + (10– 10)2 +(13 – 10)2 = 18

For the sample from population #3: (5 – 8)2 + (8 – 8)2 +(11 – 8)2 = 18

For the sample from population #4: (5 – 7)2 + (8 – 7)2 +(8 – 7)2 = 6.

We then add all of these sum of squared deviations and obtain 6 + 18 + 18 + 

6 = 48. 
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Sum of Squares of Treatment 

Now we calculate the sum of squares of treatment. Here we look at the 

squared deviations of each sample mean from the overall mean, and multiply 

this number by one less than the number of populations: 

3[(11 – 9)2 + (10 – 9)2 +(8 – 9)2 + (7 – 9)2] = 3[4 + 1 + 1 + 4] = 30. 
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Population 

#

Samples Mean Mean-

Sample 

Mean

SSE SS of Treatment= 

(Mean- Sample 

Mean) * Treatment DF

1 12, 9, 12 11 11-9=4 (12 – 11)2 + (9–

11)2 +(12 – 11)2 = 

6

2 7, 10, 13 10 10-9=1 (7 – 10)2 + (10–

10)2 +(13 – 10)2 = 

18

3 5, 8, 11 8 8-9=1 (5 – 8)2 + (8 – 8)2

+(11 – 8)2 = 18

4 5, 8, 8 7 7-9=4 (5 – 7)2 + (8 – 7)2 + 

(8 – 7)2 = 6

Mean: 9 Sum:

10

SSE:
6 + 18 + 18 + 6 = 

48

SST: 

10*3 =30
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Degrees of Freedom 

 Before proceeding to the next step, we need the degrees of freedom.

 There are 12 data values and four samples. 

 Thus the number of degrees of freedom of treatment is 4 – 1 = 3. 

 The number of degrees of freedom of error is 12 – 4 = 8. 

Mean Squares 
We now divide our sum of squares by the appropriate number of degrees of 

freedom in order to obtain the mean squares. 

•The mean square for treatment is 30 / 3 = 10.

•The mean square for error is 48 / 8 = 6.



M
G

 A
n

a
ly

tic
s

F statistic

The final step of this is to divide the mean square for 

treatment by the mean square for error.

 This is the F-statistic from the data. Thus for our 

example 

F =  SST / DF of Treatment

SSE / DF of Error

 10/6 = 5/3 = 1.667. 
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Correlation Coefficient

 The correlation coefficient is a statistical measure of the strength of the 

relationship between the relative movements of two variables.

 The values range between -1.0 and 1.0. 

 A calculated number greater than 1.0 or less than -1.0 means that there 

was an error in the correlation measurement. 

 A correlation of -1.0 shows a perfect negative correlation, while a 

correlation of 1.0 shows a perfect positive correlation. 

 A correlation of 0.0 shows no linear relationship between the movement 

of the two variables. 
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