UNIT..1

1.Defination & Calculation of Mean( by both direct and
shortcut method and step deviation method)

The mean, also known as the arithmetic mean or average, is a measure of
the central tendency of a dataset or a population. It represents the sum
of all values divided by the number of values.

In simpler terms, the mean is a way to describe the “typical” value in a
dataset. It’s a single value that represents the entire dataset, and it’s
often used to understand the general trend or pattern in the data.

The mean is sensitive to extreme values (outliers) in the data, and it’s not
always the best representation of the data, especially when the data is
skewed or has outliers. In such cases, other measures like the median or
mode might be more appropriate.

Here’s the mathematical formula to calculate the mean:
Mean = (2x) / n

Where:

2x = sum of all values

N = number of values

For example, if you have the numbers 2, 4, 6, 8, 10, the mean would be:

(2+4+6+8+10)/5=30/5=6



So, the mean of this dataset is 6.

The definitions and calculations of mean using the direct method,
shortcut method, and step deviation method:

*Direct Method:*

The direct method involves adding up all the values in a dataset and
dividing by the number of values.

Formula:

Mean = (2x) / n
Where:
2x = sum of all values

N = number of values

Example:

Find the mean of 2, 4, 6, 8, 10

’x=2+4+6+8+10=30
N=5

Mean=30/5=6

*Shortcut Method:*



The shortcut method involves finding the mean of a dataset by first
finding the mean of a smaller subset of the data and then adjusting for
the remaining values.

Formula:

Mean=(2x+(n—m)xA)/n

Where:

2x = sum of a smaller subset of values
N = total number of values

M = number of values in the subset

A = mean of the subset

Example:

Find the mean of 2, 4, 6, 8, 10 using the shortcut method with the subset
2,4,6

2x=2+4+6=12 (sum of subset)
N =5 (total number of values)

M = 3 (number of values in subset)
A =12 /3 =4 (mean of subset)

Mean=(12+(5-3)x4)/5=(12+2x4)/5=(12+8)/5=20/5=4

*Step Deviation Method:*



The step deviation method involves finding the mean by first finding the
deviation of each value from a assumed mean, then finding the mean of
these deviations, and finally adjusting the assumed mean by this value.

Formula:

Mean = A+ (2d / n)

Where:
A = assumed mean
>d = sum of deviations from A

N = number of values

Example:

Find the mean of 2, 4, 6, 8, 10 using the step deviation method with an
assumed mean of 5

Deviations:
(2-5)=-3
(4-5)=-1
(6-5)=1
(8—5)=3
(10-5)=5

3d=-3+(-1)+1+3+5=5

Mean=5+(5/5)=5+1=6



2.Mode and median

In biostatistics, the median is the middlemost value in the ordered list of
observations, and the mode is the most frequently occurring value '. The
median is the middle value when the dataset is arranged in ascending or
descending order 2. The mode is the most frequently occurring value in
the dataset 3. A data set can generally have one or more than one mode
value 2.

To calculate the mode, follow these steps:

1. Arrange the data in ascending or descending order.

2. Count the frequency of each value (how many times each value
appears).

3. Identify the value with the highest frequency.
4. The value with the highest frequency is the mode.

Example:

Data: 1, 2,3,4,4,4,5,6
Ordered data: 1, 2,3,4,4,4,5,6
Frequency count:

-1:1

-2:1

-3:1

-4:3
-5:1



-6:1

The value 4 has the highest frequency (3), so the mode is 4.

Note: A dataset can have multiple modes if two or more values have the
same highest frequency. This is called a bimodal or multimodal
distribution.

Example:

Data: 1,2,2,3,3,3,4,4,4

Modes: 3 and 4 (both have a frequency of 3)

In this case, the dataset is bimodal, and both 3 and 4 are considered
modes.

e (Calculations of median

To calculate the median, follow these steps:

1. Arrange the data in ascending order (from smallest to largest).
2. Count the number of values (n).

3. If nis odd, the median is the middle value.

4. If n is even, the median is the average of the two middle values.

Example (odd number of values):



Data: 1,3,5,7,9

Ordered data: 1, 3,5,7,9

Count (n): 5 (odd)

Median: 5 (middle value)

Example (even number of values):

Data: 1, 3,5,7,9, 11

Ordered data: 1, 3,5,7,9, 11

Count (n): 6 (even)

Median: (5 + 7) / 2 = 6 (average of two middle values)

Note: If the data has an even number of values, the median is the average
of the two middle values, which may not be a whole number.

Example:

Data: 1, 2,3,4,5,6

Ordered data: 1, 2, 3,4,5,6



Count (n): 6 (even)

Median: (3 + 4) / 2 = 3.5 (average of two middle values)

In this case, the median is 3.5, which is not a whole number.

3.individual observation

An individual observation is a single data point or measurement collected
from a single subject, participant, or unit of analysis in a study or
experiment. It represents a unique piece of information about that
individual, such as a measurement, score, or response.

In statistical analysis, individual observations are often represented by a
single data point or a single row in a dataset. Each observation typically
includes multiple variables or characteristics, such as demographic
information, responses to survey questions, or measurements taken at a
particular time point.

For example:

- In a study examining the relationship between exercise and weight loss,
an individual observation might include data such as:

- Participant ID

- Age

- Gender

- Weight at baseline
- Weight at follow-up

- Amount of exercise per week



- In a survey examining attitudes towards a new product, an individual
observation might include data such as:

- Respondent ID
- Demographic information (age, gender, etc.)

- Responses to survey questions (e.g. “How likely are you to purchase
this product?”)

Individual observations are the building blocks of statistical analysis, and
are used to calculate summary statistics, perform hypothesis testing, and
model relationships between variables.

4. Discrete Observation

A discrete observation is a type of individual observation that can only
take on specific, distinct, and countable values. In other words, discrete
observations are limited to a finite number of possible values, and each
value is separate and distinct from the others.

Examples of discrete observations include:

- Gender (male or female)

- Color (red, blue, green, etc.)

- Number of children (0, 1, 2, 3, etc.)

- Response to a survey question (yes or no)

- Category of income (low, middle, high)

Discrete observations are often represented using whole numbers or
categorical labels, and they are typically analyzed using statistical
methods that are appropriate for categorical or nominal data, such as
frequency counts, percentages, and chi-square tests.



In contrast, continuous observations can take on any value within a
certain range or interval, and are typically represented using numbers
with decimal places.

For example, height and weight are continuous observations, as they can
take on any value within a certain range (e.g. 150.5 cm, 65.2 kg).

5. Continuous Observation

A continuous observation is a type of individual observation that can take
on any value within a certain range or interval. Continuous observations
are typically measured or recorded on a continuous scale, and can have
any value within a certain range, including decimal places.

Examples of continuous observations include:

- Height (measured in meters or feet)

- Weight (measured in kilograms or pounds)

- Blood pressure (measured in millimeters of mercury)

- Temperature (measured in degrees Celsius or Fahrenheit)
- Time (measured in seconds, minutes, hours)

- Distance (measured in meters, kilometers, miles)

Continuous observations are often represented using numbers with
decimal places, and are typically analyzed using statistical methods that
are appropriate for continuous data, such as means, standard deviations,
and regression analysis.

Some key characteristics of continuous observations include:
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- They can take on any value within a certain range or interval
- They are typically measured or recorded on a continuous scale
- They can have decimal places

- They are often analyzed using statistical methods for continuous data

It’s important to note that continuous observations can be measured
with varying degrees of precision, and may be subject to measurement
error or rounding.

UNIT_ 2.

1.Tabulation of Data Graphical presentation of
Frequency Distribution

Tabulation of data and graphical presentation of frequency distribution
are essential steps in data analysis and visualization. Here’s a brief
overview:

Tabulation of Data:

- Involves organizing and summarizing data into tables or charts
- Helps to identify patterns, trends, and relationships in the data
- Common types of tables include:

- Frequency tables (showing the number of observations in each
category)

- Contingency tables (showing the relationship between two or more
variables)
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- Descriptive statistics tables (showing summary statistics like mean,
median, mode, etc.)

Graphical Presentation of Frequency Distribution:

- Involves visualizing the distribution of data using graphs or charts
- Helps to understand the shape and spread of the data
- Common types of graphs include:
- Histograms (showing the distribution of continuous data)
- Bar charts (showing the frequency of categorical data)
- Pie charts (showing the proportion of each category in a dataset)

- Box plots (showing the summary statistics and outliers of a dataset)

Some key points to keep in mind:

- Tabulation and graphical presentation should be used in conjunction to
get a comprehensive understanding of the data

- The choice of table or graph depends on the type of data and the
research question

- Visualizations should be clear, concise, and easy to interpret

Here’s an example of a frequency table and a histogram for a dataset of
exam scores:

Frequency Table:

| Score | Frequency |

|0-20 | 5 |

12



| 21-40 | 10 |
| 41-60 | 15 |
| 61-80 | 20 |
| 81-100 | 10 |

Histogram:

[Insert histogram graph showing the distribution of exam scores]

Note: The histogram shows the distribution of exam scores, with the x-
axis representing the score range and the y-axis representing the
frequency. The graph shows that most students scored between 41-60,
with a few outliers on either side.

2.Line Frequency

Line frequency, also known as a line graph or frequency polygon, is a
graphical representation of a frequency distribution. It is a plot of the
frequency of each value or range of values in a dataset, displayed as a
series of connected lines.

A line frequency graph typically has the following characteristics:
- The x-axis represents the values or ranges of values in the dataset.

- The y-axis represents the frequency of each value or range of values.

- A line connects the points representing the frequency of each value or
range of values.

Line frequency graphs are useful for:
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- Displaying the shape of the distribution of a continuous variable.
- Identifying modes, outliers, and gaps in the data.

- Comparing the distribution of a variable across different groups or
categories.

Here’s an example of a line frequency graph:
[Insert graph]

In this example, the x-axis represents the scores (0-100), and the y-axis
represents the frequency of each score. The line connects the points
representing the frequency of each score, showing the distribution of
scores in the dataset.

Note: Line frequency graphs are similar to histograms, but they use lines
instead of bars to represent the frequency of each value or range of
values.

3.Histogram( For equal and unequal class interval,
inclusive data and for Midvale).

A histogram is a graphical representation of a frequency distribution,
showing the number of observations within each range of values (called
bins or class intervals). It’s a type of bar chart that displays the
distribution of a continuous variable.

A histogram typically has the following characteristics:

- The x-axis represents the values or ranges of values in the dataset.
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- The y-axis represents the frequency (number of observations) or density
(proportion of observations) of each bin.

- Bars (rectangles) represent the frequency or density of each bin, with
the height of each bar corresponding to the frequency or density.

- Bins are usually of equal width, and the number of bins is chosen to
reveal the underlying distribution of the data.

Histograms are useful for:

- Displaying the shape of the distribution of a continuous variable (e.g.,
normal, skewed, bimodal).

- Identifying modes, outliers, and gaps in the data.

- Comparing the distribution of a variable across different groups or
categories.

Here’s an example of a histogram:

[Insert graph]

In this example, the x-axis represents the scores (0-100), and the y-axis
represents the frequency of each score. The bars represent the number
of observations within each range of scores (bins).

Note: Histograms are a powerful tool for exploratory data analysis and
can help identify patterns, trends, and relationships in the data.
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A histogram is a graphical representation of a frequency distribution, and
it can be constructed with either equal or unequal class intervals.

Equal Class Intervals:

- In this type of histogram, each bar represents a range of values (class
interval) of equal width.

- The width of each bar is the same, and the height of each bar represents
the frequency (number of observations) within that class interval.

- Equal class intervals are commonly used when the data is evenly
distributed and there are no outliers.

Example:

| Class Interval | Frequency |

| 0-10 | 5 |

| 11-20 | 8 |
| 21-30 | 12 |
| 31-40 | 10 |
| 41-50 | 7 |

Histogram with equal class intervals:

[Insert graph]

Unequal Class Intervals:
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- In this type of histogram, each bar represents a range of values (class
interval) of unequal width.

- The width of each bar varies, and the height of each bar represents the
frequency (number of observations) within that class interval.

- Unequal class intervals are commonly used when the data is skewed or
has outliers, or when the data needs to be grouped into categories of
different widths.

Example:

| Class Interval | Frequency |

| 0-5 ]3|

| 6-15 | 8 |

| 16-30 | 15 |
| 31-50 | 12 |
| 51-100 | 5 |

Histogram with unequal class intervals:

[Insert graph]

Note: In the unequal class interval histogram, the bars have different
widths, reflecting the varying ranges of values in each class interval.

4.. Inclusive data and for Midvale

Inclusive data refers to a data set that includes all values, without
omitting any data points. In the context of histograms, inclusive data
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means that the class intervals include all values, without any gaps or
overlaps.

For example, consider the following data set:

1,2,3,4,5,6,7,8,9,10

An inclusive histogram with equal class intervals of 5 would have the
following class intervals:

0-5, 5-10

Notice that the class intervals include all values, without any gaps or
overlaps.

On the other hand, exclusive data refers to a data set that excludes
certain values, such as outliers or missing data. In the context of
histograms, exclusive data means that the class intervals do not include
all values, and there may be gaps or overlaps between the class intervals.

Midvale, also known as the “mid-value” or “mid-point”, refers to the
middle value of a class interval. In the example above, the midvale for the
class interval 0-5 would be 2.5, and the midvale for the class interval 5-10
would be 7.5.

Inclusive data and midvale are important concepts in statistics and data
analysis, as they help to ensure that data is accurately represented and
that conclusions are drawn from a complete and unbiased data set.
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5.Frequency polygon

A frequency polygon is a graphical representation of a frequency
distribution, similar to a histogram, but instead of bars, it uses points
connected by lines to show the frequency of each value or range of
values.

To construct a frequency polygon:

1. Plot the midvale of each class interval on the x-axis.
2. Plot the corresponding frequency on the y-axis.

3. Connect the points with straight lines.

The frequency polygon shows the distribution of the data, highlighting:
- Modes (peaks)

- Skewness (asymmetry)

- OQutliers (points far from the main distribution)
Frequency polygons are useful for:

- Visualizing the shape of the distribution

- Comparing the distribution of different variables

- Identifying patterns and trends

Note: Frequency polygons are also known as frequency curves or line
graphs.

Example:
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| Class Interval | Midvale | Frequency |

|0-10 |55 |

| 11-20 | 15 | 8 |
| 21-30 | 25 | 12 |
| 31-40 | 35| 10 |
| 41-50 | 45 | 7 |

Frequency Polygon:

[Insert graph]

In this example, the frequency polygon shows a skewed distribution with
a peak around 25.

6.Frequency curve

A frequency curve, also known as a frequency polygon or line graph, is a
graphical representation of a frequency distribution. It is a smooth curve
that connects the points plotted from the frequency of each value or
range of values in a dataset.

A frequency curve is used to:
1. Display the shape of the distribution
2. Identify modes (peaks) and antimodes (troughs)

3. Show skewness (asymmetry) and kurtosis (tailedness)

4. Visualize the spread and concentration of the data
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5. Compare the distribution of different variables
The frequency curve is constructed by:

1. Plotting the midvale of each class interval on the x-axis
2. Plotting the corresponding frequency on the y-axis

3. Connecting the points with a smooth curve
Frequency curves can be:

1. Symmetrical (bell-shaped)
2. Skewed (asymmetrical)

3. Bimodal (two peaks)

4. Multimodal (multiple peaks)

They are used in statistics, data analysis, and data visualization to
understand the distribution of continuous variables.

7.Cumulative frequency curve.

A cumulative frequency curve, also known as an ogive, is a graphical
representation of the cumulative frequency distribution of a dataset. It
shows the number of observations that fall below a certain value, plotted
against that value.

The cumulative frequency curve is constructed by:

1. Plotting the upper limit of each class interval on the x-axis
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2. Plotting the cumulative frequency (the number of observations that fall
below that value) on the y-axis

3. Connecting the points with a smooth curve

The cumulative frequency curve shows:

1. The proportion of observations that fall below a certain value
2. The percentage of observations that fall within a certain range

3. The median and other percentiles (e.g., quartiles, deciles)

The curve is typically S-shaped, with a slow increase in cumulative
frequency at first, followed by a rapid increase, and finally a slow
approach to the total number of observations.

Cumulative frequency curves are used in:

1. Data analysis and visualization

2. Statistical process control

3. Quality control

4. Economics and finance (e.g., income distribution, stock prices)

5. Social sciences (e.g., population growth, education levels)
They help to identify:

1. Skewness and kurtosis

2. Outliers and anomalies

3. Trends and patterns

4. Median and other percentiles
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By examining the shape and position of the cumulative frequency curve,
you can gain insights into the distribution of the data and make informed
decisions.

UNIT__ 3.

1.Probability

Probability is a measure of the likelihood of an event occurring. It is a
number between 0 and 1, where:

- 0 represents an impossible event
- 1 represents a certain event
- Values close to 0 represent unlikely events

- Values close to 1 represent likely events

Probability is used to quantify uncertainty and make predictions about
future events. It is calculated as the number of favorable outcomes
divided by the total number of possible outcomes.

There are different types of probability, including:
- Theoretical probability (based on equally likely outcomes)

- Experimental probability (based on repeated trials and observations)

- Conditional probability (the probability of an event occurring given that
another event has occurred)
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- Independent probability (the probability of two or more events
occurring independently)

Probability is used in many fields, including:

- Statistics

- Mathematics
- Science

- Engineering
- Finance

- Insurance
Some key concepts in probability include:

- Event: a set of outcomes of an experiment
- Sample space: the set of all possible outcomes of an experiment

- Random variable: a variable whose possible values are determined by
the outcome of an experiment

- Probability distribution: a function that describes the probability of each
possible value of a random variable

Understanding probability is important for making informed decisions
and predicting outcomes in a wide range of situations.

2.Defination of Probability

Probability is a measure of the likelihood of an event occurring, defined
as a number between 0 and 1 that represents the chance or probability of
an event happening.
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Mathematically, probability is defined as:

P(A) = Number of favorable outcomes / Total number of possible
outcomes

Where:

- P(A) is the probability of event A occurring

- Number of favorable outcomes is the number of outcomes that meet
the conditions of event A

- Total number of possible outcomes is the total number of outcomes in
the sample space

The probability of an event is always between 0 and 1, where:
- 0 represents an impossible event (i.e., it will never occur)

- 1 represents a certain event (i.e., it will always occur)

- Values close to 0 represent unlikely events

- Values close to 1 represent likely events

For example, the probability of rolling a 6 on a fair six-sided die is:

P(6) = 1 (favorable outcome) / 6 (total possible outcomes) = 1/6 or
approximately 0.17

This means that the chance of rolling a 6 is about 17%.
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Here are some key properties of probability:

26
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10.

Non-Negativity: Probability is always non-negative (= 0).

. Normalization: The probability of the sample space (the set of all

possible outcomes) is equal to 1.

. Countable Additivity: The probability of a countable union of

disjoint events is equal to the sum of their individual probabilities.

Monotonicity: If A is a subset of B, then P(A) < P(B).

. Subadditivity: P(A U B) < P(A) + P(B).

. Conditional Probability: P(A|B) = P(A n B) / P(B), where P(B) > 0.

. Independence: If A and B are independent, then P(A n B) = P(A) x

P(B).

. Multiplication Rule: P(A n B) = P(A) x P(B|A).

. Law of Total Probability: P(A) =5 P(A n B) x P(B), where B is a

partition of the sample space.

Bayes’ Theorem: P(A|B) = P(B|A) x P(A) / P(B), where P(B) > 0.



These properties form the foundation of probability theory and are used
to derive and apply various probability rules and formulas.

3. Binomial distribution

The binomial distribution is a discrete probability distribution that models
the number of successes in a fixed number of independent trials, each
with a constant probability of success.

The binomial distribution is defined by two parameters:

1. n (number of trials)

2. p (probability of success in a single trial)

The probability mass function of the binomial distribution is:

P(X = k) = (n choose k) * p~rk * (1-p)*(n-k)

Where:

- P(X = k) is the probability of k successes

- (n choose k) is the number of combinations of n items taken k at a time
- pk is the probability of k successes in k trials

- (1-p)*(n-k) is the probability of (n-k) failures in (n-k) trials

The binomial distribution is used to model a wide range of phenomena,

including:
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- Coin tossing

- Bernoulli trials

- Random sampling

- Quality control

- Medical research

Some key properties of the binomial distribution include:
- Mean: np

- Variance: np(1-p)

- Mode: floor((n+1)p) (for p <= 0.5) or ceiling((n+1)p) (for p > 0.5)

The binomial distribution is a fundamental concept in statistics and
probability theory, and has numerous applications in science,
engineering, economics, and finance.

The binomial distribution has the following properties:

1. Mean: p=np (where n is the number of trials and p is the
probability of success)

2. Variance: 6”2 = np(1-p)

3. Standard Deviation: o = V(np(1-p))

4. Mode: floor((n+1)p) (for p £ 0.5) or ceiling((n+1)p) (for p > 0.5)
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5. Symmetry: The binomial distribution is symmetric around the mean
if p=0.5.

6. Skewness: The binomial distribution is skewed to the right if p < 0.5
and skewed to the left if p > 0.5.

7. Kurtosis: The binomial distribution has a kurtosis of 3 + (1 — 6p(1-
p))/((n*2)*(p(1-p)))

8. Summation: The sum of two independent binomial variables is also
a binomial variable.

9. Limiting case: The binomial distribution approaches the Poisson
distribution as n approaches infinity and p approaches 0.

10. Approximation: The binomial distribution can be
approximated by the normal distribution for large n and p not too
close to O or 1.

11. Recurrence relation: The binomial distribution satisfies the
recurrence relation: P(X=k) = p*P(X=k-1) + (1-p)*P(X=k)

12. Cumulative distribution function: The cumulative distribution
function (CDF) of the binomial distribution is F(k) = >[P(X=i), i=0 to
k]
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These properties make the binomial distribution a useful and important
tool in statistics and probability theory.

4. Normal distribution

The normal distribution, also known as the Gaussian distribution or bell
curve, is a probability distribution that is widely used in statistics and
mathematics to model real-valued random variables.

The normal distribution is defined by two parameters:

1. Mean (u): The average value of the distribution.

2. Standard Deviation (o0): The amount of variation or dispersion in the
distribution.

The normal distribution is characterized by a symmetrical, bell-shaped
curve, where:

- The majority of the data points cluster around the mean.
- The curve tapers off gradually towards the extremes (tails).

- The mean, median, and mode are all equal.

The normal distribution is commonly used to model natural phenomena,
such as:

- Human height and weight
- |Q scores
- Errors in measurement

- Stock prices
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It is also used in many fields, including:

- Statistics

- Engineering
- Economics
- Medicine

- Social Sciences

Some key properties of the normal distribution include:

- The mean, median, and mode are all equal.
- The distribution is symmetric around the mean.

- The distribution is continuous and can take on any value within the
range.

- The distribution is defined by two parameters: mean and standard
deviation.

The normal distribution is often represented by the probability density
function (PDF):

F(x) = (1/V(2mo”2)) * eM(-((x-p)"2)/(2072))

Where:

- f(x) is the probability density function.

- X is the value of the random variable.

- Lis the mean.

- 0 is the standard deviation.
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- e is the base of the natural logarithm (approximately 2.718).

- 1t is the mathematical constant representing the ratio of a circle’s
circumference to its diameter (approximately 3.14159).

The normal distribution, also known as the Gaussian
distribution, has the following properties:

1. Mean: p (where p is the population mean)

2. Variance: 62 (where o is the population standard deviation)

3. Standard Deviation: o

4. Symmetry: The normal distribution is symmetric around the mean.

5. Bell-shaped: The normal distribution has a bell-shaped curve.

6. Continuous: The normal distribution is a continuous distribution.

7. Infinite range: The normal distribution has an infinite range (—o< to

o).

8. Probabilities: The normal distribution has the following probabilities:

- About 68% of the data points fall within 1 standard deviation of the
mean.
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- About 95% of the data points fall within 2 standard deviations of the
mean.

- About 99.7% of the data points fall within 3 standard deviations of the
mean.

8. Normality: The normal distribution is a normal distribution (i.e., it is
a distribution that is normally distributed).

9. Stability: The normal distribution is a stable distribution (i.e., it
remains unchanged under certain transformations).

10. Limiting case: The normal distribution is the limiting case of
the binomial distribution as the number of trials approaches
infinity.

11. Approximation: The normal distribution can be used to
approximate other distributions, such as the binomial distribution,
Poisson distribution, and t-distribution.

12. Linear transformations: The normal distribution is preserved
under linear transformations (i.e., if X is normally distributed, then
aX + b is also normally distributed).

13. Summation: The sum of two independent normal variables is
also a normal variable.
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14. Product: The product of two independent normal variables is
not normally distributed, but it can be approximated by a lognormal
distribution.

These properties make the normal distribution a fundamental and widely
used distribution in statistics, probability theory, and many fields of
science and engineering.

5.Poissons Distribution
The Poisson distribution is a discrete probability distribution that models

the number of events (or occurrences) in a fixed interval of time or space,
where these events occur independently and at a constant average rate.

The Poisson distribution is defined by a single parameter:

1. A (lambda), the average rate of events (or occurrences) per unit of
time or space

The probability mass function of the Poisson distribution is:

P(X = k) = (e™(-A) * (A*k)) / k!

Where:

- P(X = k) is the probability of k events (or occurrences)

- e is the base of the natural logarithm (approximately 2.718)

- A is the average rate of events (or occurrences) per unit of time or space

- k is the number of events (or occurrences)

- k!'Is the factorial of k (k x (k-1) x (k-2) x ... x 1)
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The Poisson distribution is used to model a wide range of phenomena,
including:

- Counting the number of defects in a manufacturing process
- Modeling the arrival of customers in a queue
- Analyzing the occurrence of accidents or errors

- Studying the distribution of particles in a physical system

Some key properties of the Poisson distribution include:

- Mean: A
- Variance: A

- Mode: floor(A) (for A <= 0.5) or ceiling(A) (for A > 0.5)

The Poisson distribution is a fundamental concept in statistics and
probability theory, and has numerous applications in science,
engineering, economics, and finance.

6.Properties..Problems.

The Poisson distribution has several important properties, including:

1. Mean: The mean of the Poisson distribution is A (lambda), which
represents the average number of events in the given interval.

2. Variance: The variance of the Poisson distribution is also A (lambda),
which indicates that the spread of the distribution is proportional to
the mean.
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3. Mode: The mode of the Poisson distribution is floor(A) (for A <= 0.5)
or ceiling(A) (for A > 0.5), which represents the most likely number
of events.

4. Memorylessness: The Poisson distribution has the memoryless
property, meaning that the probability of an event occurring does
not depend on the time since the last event.

5. Summation: The sum of two independent Poisson variables is also a
Poisson variable.

6. Limiting case: The Poisson distribution is a limiting case of the
binomial distribution, where the number of trials becomes very
large and the probability of success becomes very small.

7. Approximation: The Poisson distribution can be used to
approximate the binomial distribution when the number of trials is
large and the probability of success is small.

8. Applications: The Poisson distribution has numerous applications in
fields such as biology, medicine, social sciences, and engineering, to
model the occurrence of rare events.

These properties make the Poisson distribution a useful and important
tool in statistics and probability theory.
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Some problems related to the Poisson distribution:

1. A manufacturing process produces an average of 2 defects per
hour. What is the probability of producing exactly 3 defects in the
next hour?

2. A call center receives an average of 5 calls per minute. What is the
probability of receiving exactly 7 calls in the next minute?

3. A medical researcher estimates that a certain disease occurs at a
rate of 1.5 cases per 100,000 people per year. What is the
probability of exactly 2 cases occurring in a population of 200,000
people in the next year?

4. A quality control engineer monitors a production line and finds that
an average of 0.5 defective units is produced per hour. What is the
probability of producing exactly 2 defective units in the next hour?

5. A bank receives an average of 10 customers per hour. What is the
probability of receiving exactly 12 customers in the next hour?

These problems can be solved using the Poisson distribution formula:
P(X = k) = (e™(-A) * (A*k)) / k!
Where:

- P(X = k) is the probability of k events (or occurrences)
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- e is the base of the natural logarithm (approximately 2.718)
- N is the average rate of events (or occurrences) per unit of time or space
- k is the number of events (or occurrences)

- k! Is the factorial of k (k x (k-1) x (k-2) x ... x 1)

By plugging in the values given in each problem, you can calculate the
probability of the desired outcome.

UNIT 4

1.Parametric Test.

Parametric tests are statistical tests that assume a specific distribution
(such as the normal distribution) for the data. These tests are used to

make inferences about a population based on a sample of data. Some
common parametric tests include:

1. t-tests (e.g., one-sample t-test, independent samples t-test, paired
samples t-test)

2. Analysis of Variance (ANOVA)

3. Regression analysis (e.g., simple linear regression, multiple linear
regression)

4. Chi-squared tests (e.g., goodness-of-fit test, test of independence)

5. F-tests (e.g., F-test for equality of variances)

Parametric tests assume that the data meets certain requirements, such
as:
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1. Normality: The data should be normally distributed or approximately
normally distributed.

2. Equal variances: The variances of the groups being compared should be
equal.

3. Independence: The observations should be independent of each other.

If these assumptions are not met, non-parametric tests or data
transformation may be necessary.

Some common parametric tests and their assumptions are:

1. t-tests:
- Normality
- Equal variances
- Independence
2. ANOVA:
- Normality
- Equal variances
- Independence
3. Regression analysis:
- Linearity
- Independence
- Homoscedasticity (constant variance)
- Normality
4. Chi-squared tests:
- Independence
- Expected frequencies > 5

5. F-tests:
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- Normality
- Equal variances

- Independence

It’s important to check these assumptions before conducting parametric
tests to ensure the validity and reliability of the results.

2.T-test (sample,Pooled or Unpaired and Paired)

The t-test is a statistical test used to determine whether there is a
significant difference between the means of two groups. It is a parametric
test, assuming that the data follows a normal distribution.

There are several types of t-tests:

1. *One-sample t-test*: Compares the mean of a single group to a known
population mean.

2. *Independent samples t-test™ (Two-sample t-test): Compares the
means of two independent groups.

3. *Paired samples t-test* (Dependent samples t-test): Compares the
means of two related groups (e.g., before and after treatment).

The t-test statistic is calculated as:
T =(meanl—mean2) / (stddevl / sqrt(nl) + stddev2 / sqrt(n2))
Where:

- meanl and mean2 are the sample means

- stddevl and stddev2 are the sample standard deviations
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-nl and n2 are the sample sizes

The t-test assumes:

- Normality: The data should be normally distributed or approximately
normally distributed.

- Equal variances: The variances of the two groups should be equal.

- Independence: The observations should be independent of each other.

The t-test is used to:

- Compare the means of two groups
- Determine whether there is a significant difference between the means

- Calculate the confidence interval for the difference between the means

Common applications of the t-test include:

- Comparing the average scores of two groups (e.g., control and
treatment)

- Determining whether there is a significant difference in average height
between two populations

- Comparing the average results of two different experiments

Note: The t-test is sensitive to outliers and non-normality, so it’s
important to check these assumptions before conducting the test.

There are three main types of t-tests, each with different sampling
methods:

1. *Unpaired/Pooled t-test* (Independent samples t-test):
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- Two independent samples from different populations or groups.
- Sample sizes can be different.
- Assumes equal variances.

- Uses a pooled variance estimate.

Example: Comparing the average scores of two different classes.

1. *Paired t-test* (Dependent samples t-test):
- Two related samples from the same population or group.
- Sample sizes must be the same.
- Assumes equal variances.

- Uses the difference between paired observations.

Example: Comparing the average scores of the same students before and
after a training program.

1. *One-sample t-test*:
- One sample from a population.
- Tests the mean against a known population mean.

- Assumes equal variances.

Example: Comparing the average score of a class to a known national
average.

Note:

- Unpaired/Pooled t-test is used when comparing two independent
groups.
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- Paired t-test is used when comparing two related groups or before-and-
after situations.

- One-sample t-test is used when comparing a single group to a known
population mean.

3.ANOVA,(one way and two way)

ANOVA (Analysis of Variance) is a statistical technique used to compare
the means of two or more groups to determine if there is a significant
difference between them. It is a powerful tool for analyzing data and
making inferences about populations based on samples.

Key aspects of ANOVA:

1. *Comparing multiple groups™*: ANOVA can handle two or more groups,
allowing for comparisons between multiple means.

2. *Analysis of variance*: ANOVA examines the variance between and
within groups to determine if the differences between means are
significant.

3. *F-ratio™: The F-ratio is a statistical test used in ANOVA to determine if
the variance between groups is significantly greater than the variance
within groups.

4. *P-value*: The p-value indicates the probability of observing the test
statistic (F-ratio) under the null hypothesis. If the p-value is below a
certain significance level (e.g., 0.05), the null hypothesis is rejected,
indicating a significant difference between means.

5. *Assumptions*: ANOVA assumes normality, equal variances, and
independence of observations.

Types of ANOVA:
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1. *One-way ANOVA*: Compares the means of two or more groups with
only one independent variable.

2. *Two-way ANOVA*: Examines the effects of two independent variables
on the dependent variable.

3. *Repeated measures ANOVA*: Analyzes data from repeated
measurements of the same subjects.

Common applications of ANOVA:

1. *Comparing treatment means*: ANOVA is used to determine if
different treatments or interventions result in significant differences in
outcomes.

2. *Analyzing experimental data*: ANOVA is used to examine the effects
of independent variables on the dependent variable in experimental
designs.

3. *Comparing groups™*: ANOVA is used to compare the means of
different groups, such as comparing average scores between different
classes or comparing average salaries between different departments.

By using ANOVA, researchers and analysts can make informed decisions
about the significance of differences between groups and identify
patterns in data.

ANOVA (Analysis of Variance) is a statistical technique used to compare
the means of two or more groups. There are two main types of ANOVA:
One-way ANOVA and Two-way ANOVA.

*One-way ANOVA*
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One-way ANOVA is used to compare the means of two or more groups
with only one independent variable. It is also known as single-factor
ANOVA.

Example:

- Comparing the average scores of three different classes (Class A,
Class B, and Class C) to determine if there is a significant difference
in scores between the classes.

*Two-way ANOVA*

Two-way ANOVA is used to examine the effects of two independent
variables on the dependent variable. It is also known as two-factor
ANOVA.

Example:

- Comparing the average scores of students based on two factors:
gender (male/female) and age group (young/old). This analysis can
help determine if there is a significant interaction between gender
and age group on scores.

Key differences between One-way and Two-way ANOVA:

- Number of independent variables: One-way ANOVA has one
independent variable, while Two-way ANOVA has two independent
variables.

- Interaction term: Two-way ANOVA includes an interaction term to
examine the interaction between the two independent variables, while
One-way ANOVA does not have an interaction term.
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- Main effects: Two-way ANOVA can examine the main effects of each
independent variable, while One-way ANOVA only examines the main
effect of the single independent variable.

Assumptions for both One-way and Two-way ANOVA:

- Normality: The data should be normally distributed or approximately
normally distributed.

- Equal variances: The variances of the groups should be equal.

- Independence: The observations should be independent of each other.

Note: Two-way ANOVA can be extended to higher-order ANOVA (e.g.,
Three-way ANOVA) to examine the effects of multiple independent
variables.

4.Least Significance Difference

Least Significant Difference (LSD) is a statistical method used to compare
the means of two or more groups after an Analysis of Variance (ANOVA)
test. It is a post-hoc test used to determine which groups are significantly
different from each other.

LSD calculates the difference between the means of each pair of groups
and compares it to a critical value. If the difference is greater than the
critical value, the groups are considered significantly different.

The LSD formula is:

LSD =t * V(2 * MSE / n)
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Where:

- tis the critical value from the t-distribution
- MSE is the Mean Square Error from the ANOVA table

- nis the sample size

LSD is a simple and intuitive method, but it has some limitations:

- It does not control the family-wise error rate (FWER), which is the
probability of making at least one Type | error in multiple comparisons.

- It assumes equal variances and normality of the data.

To address these limitations, other post-hoc tests like Tukey’s HSD,
Scheffé’s test, and Bonferroni’s test are available. These tests are more
conservative and control the FWER, but may be less powerful than LSD in
some cases.

It’s important to note that LSD should only be used after a significant
ANOVA result, and it’'s recommended to check the assumptions of
normality and equal variances before performing the test.

2..Non Parametric tests

Non-parametric tests are statistical tests that don’t require a specific
distribution (e.g., normality) or equal variances. They are used when the
data doesn’t meet the assumptions of parametric tests or when the data
is ordinal or categorical. Here are some common non-parametric tests:
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. *Wilcoxon Rank-Sum Test* (Mann-Whitney U test): Compares the

distribution of two independent groups.

. *Wilcoxon Signed-Rank Test*: Compares the distribution of paired

data (e.g., before and after treatment).

. *Kruskal-Wallis H-Test*: Extends the Wilcoxon Rank-Sum Test to

compare three or more groups.

. *Friedman Test*: Analyzes the differences between groups when

the data is blocked or paired.

. *Spearman’s Rank Correlation Coefficient* (p): Measures the

correlation between two variables without assuming normality.

. *Chi-Square Test™: Examines the association between categorical

variables or tests the goodness of fit of a distribution.

. *Kolmogorov-Smirnov Test*: Compares the distribution of two

independent groups or tests whether a sample comes from a
specific distribution.

. *Sign Test*: Tests the median of a single sample or the difference

between paired data.

. *Runs Test*: Examines whether a sequence of data points is

randomly distributed.



Non-parametric tests are useful when:

- Data is not normally distributed or has outliers.
- Sample sizes are small.
- Data is ordinal or categorical.

- Assumptions of parametric tests are not met.

Keep in mind that non-parametric tests may have less power than
parametric tests when the assumptions are met, but they are more
robust and flexible.

1.Wilcoxon Rank Sum test

The Wilcoxon Rank-Sum Test, also known as the Mann-Whitney U test, is
a non-parametric statistical test used to compare the distributions of two
independent groups. It is commonly used to determine whether there is a
significant difference between the median values of two groups.

Here are the key aspects of the Wilcoxon Rank-Sum Test:

- Hypotheses:
- Null hypothesis (HO): The two groups have the same distribution.

- Alternative hypothesis (H1): The two groups have different
distributions.

- Test statistic: The Wilcoxon rank-sum statistic (W) is calculated by
ranking the data points from both groups combined and then summing
the ranks of the data points from one group.

- P-value: The p-value represents the probability of observing a test
statistic at least as extreme as the one observed, assuming that the null
hypothesis is true.
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- Assumptions:
- The data points are independent and identically distributed.
- The data points are ordinal or continuous.
- Procedure:
1. Rank the data points from both groups combined.
2. Sum the ranks of the data points from one group (e.g., Group A).
3. Calculate the test statistic (W) using the sum of ranks.

4. Determine the p-value based on the test statistic and the sample
sizes.

- Interpretation:

- If the p-value is less than the significance level (a), reject the null
hypothesis and conclude that the two groups have different distributions.

- If the p-value is greater than or equal to q, fail to reject the null
hypothesis and conclude that the two groups have the same distribution.

Note: The Wilcoxon Rank-Sum Test is a non-parametric test, which means
it doesn’t require normality or equal variances, making it a useful
alternative to the t-test when these assumptions are not met.

2.Mann -Whitney U test

The Mann-Whitney U test, also known as the Wilcoxon Rank-Sum Test, is
a non-parametric statistical test used to compare the distributions of two
independent groups. It is commonly used to determine whether there is a
significant difference between the median values of two groups.

Here are the key aspects of the Mann-Whitney U test:

- Hypotheses:
- Null hypothesis (HO): The two groups have the same distribution.
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- Alternative hypothesis (H1): The two groups have different
distributions.

- Test statistic: The Mann-Whitney U statistic is calculated by ranking the
data points from both groups combined and then summing the ranks of
the data points from one group.

- P-value: The p-value represents the probability of observing a test
statistic at least as extreme as the one observed, assuming that the null
hypothesis is true.

- Assumptions:
- The data points are independent and identically distributed.
- The data points are ordinal or continuous.
- Procedure:
1. Rank the data points from both groups combined.
2. Sum the ranks of the data points from one group (e.g., Group A).
3. Calculate the test statistic (U) using the sum of ranks.

4. Determine the p-value based on the test statistic and the sample
sizes.

- Interpretation:

- If the p-value is less than the significance level (a), reject the null
hypothesis and conclude that the two groups have different distributions.

- If the p-value is greater than or equal to a, fail to reject the null
hypothesis and conclude that the two groups have the same distribution.

Note:

- The Mann-Whitney U test is a non-parametric test, which means it
doesn’t require normality or equal variances, making it a useful
alternative to the t-test when these assumptions are not met.

- The test is sensitive to outliers, so it’s important to check for outliers
and consider trimming or transforming the data if necessary.
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- The test assumes that the data points are independent, so it’s important
to ensure that the data points are not correlated or paired.

3.Kruskal -Wallis test

The Kruskal-Wallis test is a non-parametric statistical test used to
compare the distributions of three or more independent groups. It is an
extension of the Wilcoxon Rank-Sum Test (Mann-Whitney U test) to
multiple groups. The test is used to determine whether there is a
significant difference between the median values of three or more
groups.

Here are the key aspects of the Kruskal-Wallis test:

- Hypotheses:
- Null hypothesis (HO): All groups have the same distribution.

- Alternative hypothesis (H1): At least one group has a different
distribution.

- Test statistic: The Kruskal-Wallis H statistic is calculated by ranking the
data points from all groups combined and then summing the ranks of the
data points from each group.

- P-value: The p-value represents the probability of observing a test
statistic at least as extreme as the one observed, assuming that the null
hypothesis is true.

- Assumptions:
- The data points are independent and identically distributed.
- The data points are ordinal or continuous.

- Procedure:
1. Rank the data points from all groups combined.

2. Sum the ranks of the data points from each group.

52



3. Calculate the test statistic (H) using the sum of ranks.

4. Determine the p-value based on the test statistic and the sample
sizes.

- Interpretation:

- If the p-value is less than the significance level (a), reject the null
hypothesis and conclude that at least one group has a different
distribution.

- If the p-value is greater than or equal to a, fail to reject the null
hypothesis and conclude that all groups have the same distribution.

Note:

- The Kruskal-Wallis test is a non-parametric test, which means it doesn’t
require normality or equal variances, making it a useful alternative to
ANOVA when these assumptions are not met.

- The test is sensitive to outliers, so it’s important to check for outliers
and consider trimming or transforming the data if necessary.

- The test assumes that the data points are independent, so it’s important
to ensure that the data points are not correlated or paired.

4.Friedman Test.

The Friedman test is a non-parametric statistical test used to compare the
means of three or more related groups or treatments. It is an extension
of the Wilcoxon Signed-Rank Test to multiple groups. The test is used to
determine whether there is a significant difference between the mean
ranks of three or more related groups.

Here are the key aspects of the Friedman test:
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- Hypotheses:
- Null hypothesis (HO): All groups have the same mean rank.

- Alternative hypothesis (H1): At least one group has a different mean
rank.

- Test statistic: The Friedman test statistic (x?) is calculated by ranking the
data points within each group and then summing the ranks across groups.

- P-value: The p-value represents the probability of observing a test
statistic at least as extreme as the one observed, assuming that the null
hypothesis is true.

- Assumptions:
- The data points are related (e.g., repeated measures or paired data).
- The data points are ordinal or continuous.
- Procedure:
1. Rank the data points within each group.
2. Sum the ranks across groups.
3. Calculate the test statistic (x2) using the sum of ranks.

4. Determine the p-value based on the test statistic and the sample
sizes.

- Interpretation:

- If the p-value is less than the significance level (a), reject the null
hypothesis and conclude that at least one group has a different mean
rank.

- If the p-value is greater than or equal to a, fail to reject the null
hypothesis and conclude that all groups have the same mean rank.

Note:

- The Friedman test is a non-parametric test, which means it doesn’t
require normality or equal variances, making it a useful alternative to
ANOVA when these assumptions are not met.
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- The test is sensitive to outliers, so it’s important to check for outliers
and consider trimming or transforming the data if necessary.

- The test assumes that the data points are related, so it’s important to
ensure that the data points are paired or repeated measures.
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