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What is Binomial distribution?

Describe any two properties of binomial distribution.

Give examples where Poisson distribution can be applied.

Find the mean and variance of binomial distribution with parameters n and p.
What is the point of inflection?

Write any two differences between normal and binomial distribution.

Explain any two differences between normal and Poisson distribution.

What is the difference between correlation and causation?

What is the probable error of the coefficient of correlation?

. What is the coefficient of non-determination?

. What is the coefficient of alienation?

. Explain any two differences between correlation and regression.
. What do you understand by regression line?

. What are regression coefficients?

. What are regression equations?

. Give the names of components of time series.

. Whatis a parabolic trend?

. What are cyclical variations?

. Name any three methods of measuring trend.

. Explain seasonal indices along with its formula.

. What is deseasonalisation of data?

. Name different methods of measuring seasonal variation/seasonal indices.
. Whatis a seasonalindex?

. Whatis EVPI? How is it calculated?

. What is a decision tree?

. What is the Savage criterion?

. What is probability distribution of demand?

. Explain payoff matrix and act in the context of decision theory.
. Whatis product control/acceptance sampling?

. What are control charts?

Long Questions:

Unit 1

1. What is Binomial Distribution? Discuss the conditions necessary for the application
of Binomial Distribution. What are its important characteristics and properties?

2. Explain briefly the meaning of Binomial Distribution. Give arguments in favor of
using Binomial Distribution in observed data.



What is Poisson Distribution? Explain the characteristics of the Poisson Distribution.
Point out its uses with suitable examples and assumptions under which it can be
applied.

Is there any relation between binomial and Poisson distribution, also explain briefly the
procedure of fitting Poisson distribution to the observed data.

Give a comparative study of binomial, Poisson and normal distribution. Discuss briefly
the importance of normal distribution in statistical analysis.

What do you mean by theoretical frequency distributions? Discuss the salient features
of binomial, Poisson and normal probability distribution.

Unit 2

Define correlation. Explain the various methods of studying correlation. What is the
significance of studying correlation? Also explain its various types.

Write short note on the following:
(a) Probable errors

(b) Coefficient of determination.
(c) Covariance.

Write short notes on the following:
(a) Karl Pearson’s Method.

(b) Rank Correlation method.

(c) concurrent Deviation method.

Write short notes on the following:
(a) Standard errors of estimate.

(b) Coefficient of Determination.
(c) Regression coefficients.

(d) Regression line.

What do you mean by regression analysis? Explain its types and utility. Also state any
three differences between correlation and Regression.

Unit 3

What do you mean by time series analysis? Explain various models for analysis of time
series. Also explain its components and utility.

What do you mean by trend? Explain its various methods used for measuring it

What is seasonal index? Explain the different methods of estimating it. Also explain the
uses and limitations of seasonal indices.

Write short note on the following:
(a) Additive model in the context of analysis of time series.
(b) Secular Trend/TrendT (components time series).

(c) Deseasonalisation of Data.



(d) Link relative method (measurement of seasonal variations).
Unit 4

1. Explain the concept of statistical decision theory and discuss its usefulness in between
situations. Also explain the various elements that decision matrices usually contain.

2. Explain decision making under uncertainty and methods used for decision making
under risk with probability.

3. What do you mean by statistical quality control? Explain its uses and limitations and
methods used for statistical quantity control?

4. Write short notes on the following:

a) Control charts

b) Product control or acceptance sampling
c) Laplace strategy

d) Maximal and maximin criteria
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5. Write short notes on the following:
(a) Wald's strategy
(b) X - chart
(c) pay off take
(d) np - chart

SYLLABUS

Unit 1:
Probability Distribution: Binomial, Poisson &amp; Normal distribution
Unit 2:

Correlation Analysis - meaning, significance, types and methods, probable error, coefficient of
determination; Regression analysis - Meaning, equations, lines.

Standard error of estimate. Difference between correlation and regression.
Unit 3:

Time series - components, models, trend analysis including second degree parabola and
exponential formula measurement of seasonal cyclical and irregular variations, shifting the
trend origin.

Unit 4:

Statistical Decision Theory: Ingredients, expected opportunity loss, optimal decisions with
maximin, minimax and Bayes' principle (with prior, pre-posterior and posterior analysis)
Statistical Quality Control.

ANSWER OF SHORT QUESTIONS

Q1. What is Binomial distribution?
The binomial distribution is a discrete probability distribution that represents the number of



successes in a fixed number of independent trials, each with the same probability of success. It
is used when the outcomes are binary (success/failure). Example: Tossing a coin 10 times and
counting how many times heads appear.

Q2. Describe any two properties of binomial distribution.
1. The number of trials (n) is fixed.

2. Eachtrialis independent, and the probability of success (p) remains constant for each
trial.

Q3. Give examples where Poisson distribution can be applied.
1. Number of customer arrivals at a bank in an hour.

2. Number of typing errors in a book page.
Poisson distribution is suitable for rare or infrequent events over a fixed interval of time
or space.

Q4. Find the mean and variance of binomial distribution with parameters n and p.
Mean (M) =nxp
Variance (6°)=nxp x (1-p)

Q5. What is the point of inflection?
A point of inflection is a point on the curve where the curvature changes direction, i.e., the curve
changes from concave to convex or vice versa.

Q6. Write any two differences between normal and binomial distribution.

1. Binomial distribution is discrete; normal distribution is continuous.

2. Binomial distribution has skewness if p # 0.5, but normal distribution is symmetric.
Q7. Explain any two differences between normal and Poisson distribution.

1. Normaldistribution is continuous, while Poisson is discrete.

2. Poissonis for rare events; normal distribution applies to large data sets with a bell
shape.

Q8. What is the difference between correlation and causation?
Correlation measures the relationship between two variables. Causation indicates that one
variable directly affects another. Correlation does not imply causation.

Q9. What is the probable error of the coefficient of correlation?
It indicates the reliability of the correlation coefficient. Probable Error = 0.6745 x (1 - r2)/Jn,
where ris correlation coefficient, nis number of observations.

Q10. What is the coefficient of non-determination?
Itis 1 -r°. It shows the proportion of variation not explained by the regression line.

Q11. What is the coefficient of alienation?
Itis the square root of the coefficient of non-determination. It shows the lack of association
between variables.

Q12. Explain any two differences between correlation and regression.



1. Correlation measures the degree of relationship; regression shows cause-effect.

2. Correlation has no direction; regression is directional (dependent and independent
variables).

Q13. What do you understand by regression line?
Aregression line is a line that best fits the data and shows the average relationship between the
dependent and independent variable.

Q14. What are regression coefficients?
These are constants that indicate the rate of change in the dependent variable for a unit change
in the independent variable. Represented as ‘b’.

Q15. What are regression equations?
They are equations used to predict the value of one variable from another. Two types: Yon X: Y =
a+bXandXonY:X=a+bY.

Q16. Give the names of components of time series.
1. Trend
2. Seasonal Variation
3. Cyclical Variation
4. Irregular Variation

Q17. What is a parabolic trend?
It represents a nonlinear trend in time series data where the growth rate increases or decreases
with time, forming a parabolic curve.

Q18. What are cyclical variations?
These are long-term fluctuations in a time series due to economic cycles like boom or
recession, usually lasting more than a year.

Q19. Name any three methods of measuring trend.
1. Moving Averages
2. Least Squares Method
3. Semi-average Method

Q20. Explain seasonal indices along with its formula.
Seasonal index shows the typical seasonal effect on data.
Formula = (Seasonal Average / Overall Average) x 100

Q21. What is deseasonalisation of data?
It is the process of removing seasonal effects from time series data to study the trend and cyclic
variations.

Q22. Name different methods of measuring seasonal variation/seasonal indices.
1. Simple Average Method

2. Ratio to Moving Average Method



3. Ratio to Trend Method

Q23. What is a seasonal index?
It shows the relative level of seasonal influence for a given period. A seasonalindex of 110
means 10% more than average.

Q24. What is EVPI? How is it calculated?
EVPI = Expected value under certainty — Expected monetary value (EMV). It measures the value
of having perfect information.

Q25. What is a decision tree?
A decision tree is a graphical tool that helps in decision-making by laying out various
alternatives and outcomes like profits and losses.

Q26. What is the Savage criterion?
Also known as minimax regret, it selects the decision that minimizes the maximum regret over
all scenarios.

Q27. What is probability distribution of demand?
It refers to the likelihood of different levels of demand occurring over time, used in inventory and
production planning.

Q28. Explain payoff matrix and act in the context of decision theory.
A payoff matrix shows the outcomes (profits/losses) for different decisions under various states
of nature. Acts are the decisions available.

Q29. What is product control/acceptance sampling?
It is a quality control method where a sample is inspected from a batch to decide whether to
accept or reject the whole lot.

Q30. What are control charts?
Control charts are used to monitor production processes and detect whether they are under
statistical control using upper and lower control limits.

Long Answers
UNIT -1

Q1. What is Binomial Distribution? Discuss the conditions necessary for the application of
Binomial Distribution. What are its important characteristics and properties?

Ans: The Binomial Distribution is a type of discrete probability distribution that describes the
number of successes in a fixed number of independent trials of a binary experiment. Each trial
in this experiment can result in just one of two possible outcomes: success or failure. The
probability of success remains constant from trial to trial, and so does the probability of failure.

The term "binomial" comes from the binomial theorem, which is used in calculating the
probabilities of the different possible outcomes. The probability mass function (PMF) of the
binomial distribution is given by:

P(X=r)=C(n,r)*p”*r*q”*(n-r)
Where:

e P(X=r)isthe probability of r successes in n trials.



C(n,r)=n!/[r!*(n-r)!]is the binomial coefficient.
p is the probability of success in a single trial.

q =1 -pisthe probability of failure.

n is the total number of trials.

ris the number of successes (r=0,1, 2, ..., n).

Conditions Necessary for Application

To apply the binomial distribution, the following conditions must be satisfied:

1.

Fixed Number of Trials (n):
The number of times the experiment is conducted should be fixed in advance. For
example, tossing a coin 10 times or inspecting 20 items from a production line.

Only Two Outcomes (Success or Failure):

Each trial must result in only two outcomes. These are generally labeled as "success"
and "failure". For instance, when tossing a coin, getting a head can be considered a
success and getting a tail a failure.

Constant Probability of Success (p):
The probability of success must remain the same across all trials. If p changes from trial
to trial, the distribution would not be binomial.

Independent Trials:
The outcome of one trial should not affect the outcome of another. In other words, the
trials must be independent.

When these conditions are met, the binomial distribution becomes a useful and effective tool
for modeling real-world situations.

Important Characteristics and Properties

1.

Mean and Variance:

The mean (expected value) of the binomial distribution is given by: Mean (u)=n*p
The variance is: Variance (6°)=n*p * q

These formulas indicate that the expected number of successes increases
proportionally with the number of trials and the probability of success.

Skewness:

The binomial distribution is symmetric when p =0.5. If p < 0.5, it is positively skewed,
and if p> 0.5, it is negatively skewed. The skewness becomes more pronounced as p
moves further from 0.5, especially with smaller n.

Shape of the Distribution:

For small values of n, the binomial distribution may appear skewed. However, as n
becomes large and p is close to 0.5, the binomial distribution approximates the normal
distribution. This is one of the foundational concepts in probability theory and leads to
the application of the normal approximation to the binomial under certain conditions
(np>5andng>5).



4. Additivity Property:
If Xand Y are two independent binomial random variables with the same probability of
success p, and if X~ B(n,, p) and Y ~ B(n,, p), then X+ Y ~ B(n, + n,, p).

5. Real-Life Applications:
The binomial distribution has many applications in quality control, business decision-
making, and scientific research. For example, it can model the number of defective
items in a batch, the number of patients recovering after a treatment, or the number of
users clicking an ad.

6. Cumulative Distribution Function (CDF):
The cumulative probability of getting at most r successes in n trials is calculated by
summing the probabilities of 0 to r successes. This is useful for finding probabilities
within a range.

7. Limiting Cases:
If the number of trials is large and the probability of success is small (but np is
moderate), the binomial distribution approaches the Poisson distribution. This
connection is particularly useful when dealing with rare events.

8. Moment Generating Function (MGF):
The moment generating function of a binomial distribution is M(t) = [q + pe”*t]*n. It helps
in deriving moments like mean and variance.

9. Standard Deviation:
Standard Deviation =+/(n * p * q). This measures the dispersion of the distribution.

the binomial distribution is one of the most fundamental discrete distributions in statistics. Its
simplicity and applicability to a wide range of binary-outcome scenarios make it a powerful tool.
The conditions under which it is used must be strictly followed to ensure accurate modeling. Its
mathematical properties, including symmetry, mean, and variance, allow statisticians and
researchers to apply it in various fields ranging from economics and biology to industrial
engineering and social sciences.

Q2. Explain briefly the meaning of Binomial Distribution. Give arguments in favor of using
Binomial Distribution in observed data.

Ans: The Binomial Distribution is a type of probability distribution in statistics. It is used to find
the probability of getting a certain number of successes in a fixed number of trials, where each
trial has only two possible outcomes - success or failure. For example, if we toss a coin 10
times, each toss can result in either heads (success) or tails (failure). The binomial distribution
helps us find out how likely it is to get, say, 6 heads out of 10 tosses.

This distribution depends on two things:
1. The number of trials (n)
2. The probability of success in each trial (p)
Itis used when all the trials are:
e Independent: One trial does not affect the other.

¢ Identical: Each trial is the same.



¢ Fixed in number: We know in advance how many trials there are.

e Binary outcome: Only two outcomes — success or failure.
The probability of getting k successes in n trials is calculated using this formula:
P(X=k)=C(n, k) x p*k x (1 -p)*(n-k)
Here:

e C(n, k) isthe number of ways to choose k successes from n trials.

e pisthechance of success in one trial.

e (1-p)isthe chance of failure.

Why Use Binomial Distribution?

There are many reasons why the binomial distribution is useful in real life and data analysis:

1. Easy to Understand and Use

The binomial distribution is simple. It deals with only two outcomes — success or failure. This
makes it easy to apply in many practical situations like tossing a coin, checking if a product is
defective, or finding how many people say “yes” in a survey.

2. Works Well for Real-World Problems

Many situations in daily life and business have two possible outcomes — such as pass/fail,
win/lose, yes/no, or defective/non-defective. The binomial distribution helps in modeling these
situations correctly.

For example:
e Outof 100 bulbs produced, how many will be defective?

e |natestwith 20 questions, what is the chance of getting at least 15 correct answers?

3. Helpful in Decision Making

Companies use the binomial distribution to make decisions. For instance, a company may
know that 95% of its products pass the quality check. Using the binomial distribution, they can
predict how many out of 1000 products will likely be fine and how many may be faulty. This
helps in planning and setting targets.

4. Used in Hypothesis Testing



In statistics, we often test if something is true or not. For example, is the success rate really
80%? The binomial distribution helps in checking if the observed data matches the expected
data. This is useful in medicine, business studies, and scientific research.

5. Good for Predicting Outcomes

If we know the probability of success and the number of trials, we can use the binomial
distribution to predict likely results. This is useful in forecasting and risk management. For
example, if a machine usually fails 5% of the time, we can estimate how many failures may
occur over 100 uses.

6. Connects with Normal Distribution

When the number of trials is large, and the success probability is not too close to 0 or 1, the
binomial distribution becomes very similar to the normal distribution. This connection helps in
using more advanced statistical tools and simplifies calculations.

7. Simple Mathematical Formulas

The binomial distribution gives easy formulas to calculate the average (mean) and spread
(variance) of the outcomes:

¢ Mean=nxp
e Variance=nxpx(1-p)

These formulas help us understand how the data behaves and how spread out the results are.

8. Helps in Quality Control

Manufacturing companies use the binomial distribution to test if the production process is
under control. If the number of defective items is within the expected range, the process is fine.
Otherwise, they can take steps to fix it.

9. Supports Surveys and Research

In surveys, responses are often binary - like “yes” or “no”. The binomial distribution helps in
analyzing the results. For example, if 60 out of 100 people say “yes”, we can use the binomial
model to understand if this result is normal or surprising.

10. Builds Understanding for Other Concepts

The binomial distribution is a starting point for learning more advanced distributions like the
Poisson distribution and the normal distribution. It lays a strong foundation for further study
in probability and statistics.



In short, the binomial distribution is a powerful and easy-to-use tool. It helps analyze situations
with two outcomes across many fields like business, science, engineering, and healthcare. It is
useful for calculating probabilities, making predictions, testing ideas, and understanding data
patterns. Because of its simplicity and wide use, it is one of the most important distributions in
statistics.

Q3. What is Poisson Distribution? Explain the characteristics of the Poisson
Distribution. Point out its uses with suitable examples and assumptions under which it
can be applied.

Ans: The Poisson distribution is a type of probability distribution used in statistics to describe
the number of times an event occurs in a fixed interval of time or space. This distribution is
useful when the events happen randomly and independently of each other, and when the
average rate (mean number of events) is known and constant.

For example, the Poisson distribution can help answer questions like:
e How many customers will arrive at a shop in an hour?
e How many typing errors occur on a single page?
¢ How many buses will pass by a bus stop in 10 minutes?

It is named after the French mathematician Siméon Denis Poisson, who introduced it in the
early 19th century.

Mathematical Formula:
The probability of getting exactly k events in a fixed interval is given by the formula:
P(X=Kk)=(A"k x e”-A) / k!
Where:
o P(X=Kk)isthe probability of k events happening.
e A(lambda)is the average number of events in the interval.
¢ e isthe mathematical constant, approximately equalto 2.718.
¢ k! means "k factorial", which is the product of all positive integers up to k.

For example, if on average 4 customers come to a store every hour (A = 4), the Poisson formula
can tell us the chance of exactly 3 or 5 customers arriving in any given hour.

Conditions for Using Poisson Distribution:

There are certain conditions that must be true in order to use the Poisson distribution correctly:



1. Events Must Be Independent: The occurrence of one event should not affect the
occurrence of another. For example, one customer entering a shop should not influence
another customer coming in.

2. Fixed Interval: The distribution works over a fixed period of time, area, volume, or
distance. For example, “per hour,” “per page,” or “per square meter.”

3. Single Event at a Time: Events occur one at a time, not in groups or bunches.

4. Constant Average Rate (A): The average number of events (A) should remain the same
over time or space.

5. Rare Events: The Poisson distribution is often used when the event is rare but can
happen more than once in the interval.

6. Large Number of Trials: There should be a large number of small possible occurrences,
with a low probability of each, but a known average number over time.

Important Properties of Poisson Distribution:

1. Discrete Distribution: Like the binomial distribution, Poisson is also discrete. This
means it only takes whole number values like 0, 1, 2, 3... (You cannot have 2.5 events.)

2. Mean and Variance: In the Poisson distribution, both the mean and the variance are
equalto A.

o Mean(p)=A
o Variance (6°) = A
This is a unique feature of Poisson distribution.
3. Shape of the Distribution:
o WhenAissmall(e.g., 1 or2), the distribution is skewed to the right.

o AsAbecomes larger (e.g., 10 or more), the distribution starts to look more like a
normal distribution (bell-shaped).

4. Additivity: If two independent Poisson variables X and Y have parameters A, and A,, then
their sum (X +Y) is also Poisson distributed with parameter (A, + A,). This is useful when
combining multiple data sources.

5. Probability of Zero Occurrence: The formula can be used to find the chance that no
event occurs in the interval (k= 0): P(0) =e”-A

This helps in assessing the chance of complete absence of an event.

6. Skewness: The Poisson distribution is positively skewed when A is small, meaning the
tail is longer on the right side. As A increases, the skewness reduces, and it becomes
more symmetric.

Applications of Poisson Distribution:



The Poisson distribution is widely used in various real-life situations:
o Traffic flow: Number of vehicles passing through a toll booth in 10 minutes.
e Call centers: Number of calls received in a given hour.
¢ Manufacturing: Number of defective items in a batch.
¢ Biology: Number of mutations in a given length of DNA.
¢ Finance: Number of defaults on loans in a given time.

e Website analysis: Number of hits or clicks per minute.

Importance of Poisson Distribution:
e |t helpsin modeling rare or infrequent events.
o Useful for quality control and reliability analysis.

e Assists in predicting and planning for random occurrences in business, science, and
everyday life.

o Provides a simple tool for handling data that follow a specific average rate.

The Poisson distribution is simple yet powerful. It gives us a way to understand and calculate
the chances of random events happening in a fixed interval when we know the average rate. It is
especially important when the number of occurrences is small, and the events happen
randomly and independently.

Q4. Is there any relation between binomial and Poisson distribution, also explain briefly
the procedure of fitting Poisson distribution to the observed data.

Ans. Yes, there is a relation between Binomial distribution and Poisson distribution. Both are
discrete probability distributions used to model different types of data, but under certain
conditions, the Poisson distribution can be considered as a special case or approximation of
the Binomial distribution.

Relation Between Binomial and Poisson Distribution:

The Binomial distribution is used when we have a fixed number of trials (n), and each trial has
only two possible outcomes — success or failure. The probability of success (p) remains the
same in each trial. It is used to calculate the probability of getting a specific number of
successes in a fixed number of independent trials.

The Poisson distribution, on the other hand, is used when we are interested in counting the
number of events that occur in a fixed interval of time or space, and these events happen
independently of each other.

Now, the Poisson distribution can be derived as a limiting case of the Binomial distribution
under the following conditions:

e The number of trials n becomes very large (n > )



e The probability of success p becomes very small (p > 0)

e The product of nand p (i.e., np) remains constant, say A (lambda), which is the average
number of successes.

In such a situation, the binomial distribution:
P(X=k)=C(n, k) * (p"k) * (1 - p)*(n - k)

can be approximated by the Poisson distribution:
P(X=k)=(e”(-A) *A"k) / k!

So, when dealing with large values of n and small values of p, instead of using the complex
binomial formula, we can use the simpler Poisson formula, which makes calculations easier
and faster.

Procedure of Fitting Poisson Distribution to the Observed Data:

Fitting a Poisson distribution means checking how well a given set of observed data follows the
pattern of a Poisson distribution. The process helps in comparing observed values with
expected values calculated using the Poisson formula.

Here’s the step-by-step procedure to fit a Poisson distribution to observed data:

Step 1: Organize the Observed Data

Prepare a frequency distribution table of the observed data. This table shows the number of
times different values of the variable (say 0, 1, 2, 3, etc.) have occurred in the data set.

Example:

X (No. of occurrences)||Observed Frequency (O)
0 10

1 20

2 30

3 25

4 15

Step 2: Calculate the Mean (A)

Find the mean (A) of the observed data. It is the average number of occurrences and is
calculated as:

A=(2f*x)/N



Where:
e f=observed frequency
e X=number of occurrences

¢ N =total number of observations

Step 3: Use the Poisson Formula to Find Expected Frequencies
Now use the Poisson probability formula to calculate the expected frequencies:
P(X=x)=(e”(-A) * A*x) / x!

Then multiply this probability by the total number of observations (N) to get the expected
frequency for each value of x:

Expected Frequency=P(X=x)* N

Step 4: Prepare a Table with Expected Frequencies

Create a table that includes observed values (x), observed frequencies, and expected
frequencies (calculated using the formula above).

Step 5: Compare Observed and Expected Frequencies

Now compare the observed frequencies and expected frequencies to see if they are close to
each other. You can also calculate the chi-square value if needed:

X" =Z[(0-E)*/E]
Where O = observed frequency, E = expected frequency

If the chi-square value is small and within acceptable limits, it means the Poisson distribution
fits the data well.

Step 6: Interpret the Result

If the observed and expected frequencies are close, then the Poisson distribution is a good fit for
the data. This helps to use Poisson distribution in further analysis or prediction.

Example Summary:

Let’s say we collected data on the number of phone calls received by a call center in one-
minute intervals. After recording this for 100 minutes, we find that the mean number of calls per
minute is 2. We now want to know whether the number of calls follows a Poisson distribution
with A = 2. We use the above steps to calculate expected frequencies for 0, 1, 2, 3, etc., calls



and compare them to the actual (observed) frequencies. If the fit is good, we can then use the
Poisson model to predict future call volumes.

So, to conclude, Poisson distribution is closely related to the binomial distribution when
certain conditions are met (large n, small p). Also, fitting a Poisson distribution to data helps in
modeling and understanding random events that happen independently over a given interval of
time or space.

Q5. Give a comparative study of binomial, Poisson and normal distribution. Discuss briefly
the importance of normal distribution in statistical analysis.

Ans: In statistics, Binomial, Poisson, and Normal distributions are three important probability
distributions. Each of them is used to describe different types of data. Although they have
differences in application, they are also connected in some ways. Let’s understand them one by
one and then do a comparison.

Binomial Distribution

o Definition: Binomial distribution is used to find the probability of getting a fixed number
of successes in a certain number of independent trials.

o Key Features:
o Each trial has only two outcomes: success or failure.
o The number of trials (n) is fixed.
o The probability of success (p) remains constant in each trial.
¢ Example: Tossing a coin 10 times and finding the probability of getting exactly 6 heads.
Formula:
PX=r)y=r)-pr- (1—-pn-r
Where:
e n=number of trials
e r=number of successes

e p=probability of success

Poisson Distribution

e Definition: Poisson distribution gives the probability of a given number of events
happening in a fixed interval of time or space, provided the events happen
independently and at a constant rate.

e Key Features:
o Nofixed number of trials.
o Itisused when events are rare but may happen in any small interval.

o Average rate of success (A) is used instead of probability.



o Example: Number of phone calls received at a call center in an hour.
Formula:
PX=r)=rle—A1-Ar
Where:
e A =average number of events in a given time or space
e r=actual number of events
Normal Distribution

o Definition: Normal distribution is a continuous probability distribution that forms a
symmetrical bell-shaped curve. It is used to represent real-world continuous data that
cluster around a central value.

o Key Features:
o The mean, median, and mode are all equal.
o The curve is symmetric about the mean.
o The total area under the curveis 1.
o Most of the data lies within 3 standard deviations of the mean.

o Example: Heights of people, blood pressure readings, exam scores.

Formula:
1 (z—p)?
f(z) s
Where:

e U=mean
e (o =standard deviation

Comparative Study:

Binomial

Feature L. . Poisson Distribution |[Normal Distribution
Distribution

Type Discrete Discrete Continuous
Fixed number of Count of rare events . .

Main Use . L Real-life continuous data
trials in time/space

Parameters nandp A pando




Binomial

Feature L Poisson Distribution ||[Normal Distribution
Distribution
Asymmetric (varies |[Right skewed (for Symmetrical bell-shaped
Shape .
with p) small A) curve
Mean n A 5
Variance np(1-p) A o2

Application Example

Tossing coins, quality |Arrival of customers,
control accidents

Heights, weights, test
scores

Approximation

Can be derived from ||[Can be derived from

Relationship Binomial Binomial or Poisson
Discrete Discrete count of Continuous

Data Nature .
success/failure events measurement

Relationship Among the Three:

Poisson as a Limiting Case of Binomial:

When the number of trials (n) becomes very large and probability of success (p)
becomes very small, the binomial distribution becomes close to a Poisson distribution.
This happens when np=A remains constant.

Normal as an Approximation to Binomial or Poisson:

When the number of trials (n) is large and p is not too close to 0 or 1, the binomial
distribution can be approximated by a normal distribution. Similarly, when Ais large in a
Poisson distribution, it begins to look like a normal distribution.

Importance of Normal Distribution in Statistical Analysis

The normal distribution is one of the most important tools in statistics due to the following
reasons:

1.

Most Natural Phenomena Follow It: Many real-life variables like height, weight,
intelligence scores, and errors in measurement naturally follow the normal distribution.
This makes it highly useful in research and analysis.

Basis of Statistical Inference: Many statistical methods, such as hypothesis testing
and confidence intervals, are based on the assumption that the data follows a normal
distribution.

Central Limit Theorem (CLT): CLT states that when we take a large enough sample from
any population (even if it’s not normally distributed), the distribution of the sample mean
will be approximately normal. This makes the normal distribution very powerful for
sampling and estimation.

Ease of Calculations: The shape and symmetry of the normal distribution make it easy
to calculate probabilities using standard tables or software.



5. Quality Control and Process Management: In quality control and industrial processes,
normal distribution is used to set control limits and monitor deviations from the average.

6. Risk Analysis and Finance: In finance, the normal distribution helps in analyzing
investment risks, stock returns, and portfolio performance.

binomial and Poisson distributions deal with discrete events, while the normal distribution
handles continuous data. All three are important, but the normal distribution plays a central
role in statistical theory and practice due to its mathematical properties and wide applicability.

Q6. What do you mean by theoretical frequency distributions? Discuss the salient features
of binomial, Poisson and normal probability distribution.

Ans:Meaning of Theoretical Frequency Distributions

A theoretical frequency distribution is a type of distribution that is based on mathematical
formulas rather than actual observation or experiment. It tells us what the frequency of
different outcomes should be, according to a certain probability model or law.

In simple terms, it is a prediction of how data will behave under specific conditions using
probability theory. These distributions are useful when we want to make generalizations or
perform statistical tests, even if we don’t have complete data.

There are three common types of theoretical distributions in statistics:
1. Binomial Distribution — used when the outcomes are limited to success or failure.
2. Poisson Distribution — used for rare events occurring over a fixed interval.

3. Normal Distribution — used for continuous data that tends to cluster around a central
value.

Now let’s understand the salient features of each of these theoretical distributions.

1. Binomial Distribution

The Binomial Distribution applies to situations where there are only two possible outcomes
in each trial, usually called success and failure. It is used when we repeat the same experiment
multiple times under the same conditions.

Salient Features:

e The experiment consists of a fixed number of trials (n).

Each trial is independent of the others.

The probability of success (p) remains constant in each trial.

The number of successes is a discrete variable (like 0, 1, 2...).

The probability of getting exactly r successes is given by:

P(X =7r) = (":) o (1 — p)n



e Mean=n
e Variance =np(1-p)
Example:

If you toss a coin 10 times, and want to know the probability of getting 6 heads, you use the
binomial distribution.

2. Poisson Distribution

The Poisson Distribution is used to model rare events or events that happen over a
continuous interval (like time, distance, or area) when the average rate of occurrence is known.

Salient Features:

e |t measures the number of occurrences in a fixed interval.

Events occur independently of each other.
e The average rate of success (A) is constant.
e |tisadiscrete distribution like the binomial.

o The probability of observing exactly r events is:

e N AT

e Mean=A
e Variance=A
Example:

The number of customer calls received at a call center per hour can be modeled using Poisson
distribution.

Note:

Poisson distribution is also considered a limiting case of the binomial distribution, when the
number of trials becomes very large and the probability of success becomes very small, but
np=Aremains fixed.

3. Normal Distribution

The Normal Distribution is one of the most widely used continuous distributions. It is often
called the bell curve because of its shape. Itis used to represent data that tends to cluster
around a central average value.



Salient Features:
e |tis acontinuous distribution, unlike binomial and Poisson.
e The curve is symmetrical about the mean.
¢ Mean=Median=Mode
e |t has abell-shaped curve with two tails extending to infinity.
e Thetotal area under the curve is 1, which represents total probability.
e The probability of values decreases as we move further from the mean.
o |tis completely defined by two parameters:
o Mean () —the center of the distribution
o Standard deviation (o) — the spread of the data
e Empirical Rule (68-95-99.7 Rule):
o About 68% of values lie within 10 of the mean
o About 95% within 20

o About 99.7% within 3o

Formula:
1 (z—p)®
fz) = —=-e
2102
Example:

Heights, weights, exam scores, and measurement errors usually follow a normal distribution.

Key Differences Between the Three:

Feature Binomial Poisson Normal
Type Discrete Discrete Continuous
R tsi Natural data with tral
Used for Success/failure trials .are eventsin aturat data with centra
time/space tendency
Parameters n (trials), p (prob.) A (average rate) M (mean), o (std. dev.)
Asymmetric (varies with  ||Right-skewed (small
Shape 0) y ( A)g ( Symmetric bell-shaped




Feature Binomial Poisson Normal

) . . Approximates
. . _||Approximates Poisson for ||Approximates . , .
Approximation binomial/Poisson for large n
large n, small p normal for large A or A

Importance of Theoretical Distributions
e Help in predicting outcomes of random events.
e Used for decision-making in business, economics, biology, and other fields.

o Provide a foundation for statistical inference, like hypothesis testing and confidence
intervals.

o Allow modelling of real-life problems using mathematical formulas.

So, theoretical frequency distributions like binomial, Poisson, and normal distributions are
essential tools in statistics. They help us understand and predict patterns in data even when we
don't have all the actual values.

Unit 2

Q1. Define correlation. Explain the various methods of studying correlation. What is the
significance of studying correlation? Also explain its various types.

Ans: Definition of Correlation

Correlation is a statistical tool that helps us understand the relationship between two or more
variables. It tells us whether an increase or decrease in one variable will result in an increase or
decrease in another variable. In simple words, correlation shows how closely two variables
move together.

For example, if a person's income increases and their spending also increases, thereis a
positive correlation between income and spending.

Mathematically, correlation is measured using a correlation coefficient, usually denoted by ‘r’,
which ranges from -1 to +1:

¢ +1indicates a perfect positive correlation
e -1indicates a perfect negative correlation

e 0Oindicates no correlation

Methods of Studying Correlation

There are several methods to study the correlation between variables. The choice of method
depends on the type of data and the level of accuracy required.

1. Scatter Diagram Method



This is the simplest and most visual method to study correlation. In this method, the values of
two variables are plotted on a graph as dots (X, Y). The pattern formed by these dots shows the
type of correlation:

e |fthe dots form an upward slope, the correlation is positive.
e Ifthe dots form a downward slope, the correlation is negative.
e |fthe dots are scattered randomly, there is no correlation.

2. Karl Pearson’s Coefficient of Correlation

This is the most commonly used mathematical method to measure the degree and direction
of correlation. The formula is:

. YE-Du-)
Vi@ -2 L0y 9

Alternatively, a shortcut formula is:

ny xy— ()3 y)
Vind et — (3 2)n Yy - ()

Where:
e xandy are values of the two variables
e nisthe number of observations

It gives a precise value between -1 and +1.

3. Spearman’s Rank Correlation

Used when data is in the form of ranks (ordinal data) rather than actual numbers. It is useful for
qualitative characteristics like intelligence, beauty, or performance. The formula is:

65" d?
—1-
n(n? — 1)

Ts

Where:
o d=difference between the ranks of the two variables
¢ n=number of observations
This method is especially useful when the exact values are unknown or not measurable.

4. Concurrent Deviation Method



This is a simple method to determine correlation by analyzing the direction (sign) of changes in
two variables. If both variables rise or fall together, they have a positive deviation. If one rises
while the other falls, they have a negative deviation.

The correlation is measured as:

(2C — n)

n

r =+

Where CCC is the number of concurrent deviations and n is the number of pairs.

Significance of Studying Correlation
Studying correlation is important for many reasons:

1. Understanding Relationships: It helps us understand how variables are related. For
example, how income affects consumption, or how education level relates to job
performance.

2. Prediction: If two variables are strongly correlated, knowing the value of one can help us
predict the other. For instance, predicting sales from advertising spending.

3. Business and Economics: Correlation is widely used in business and economics to
study price movements, demand-supply relationships, income-expenditure patterns,
etc.

4. Decision Making: Correlation helps managers and policymakers make informed
decisions. If correlation is high, it may influence strategic planning.

5. Scientific Research: In scientific experiments, correlation helps researchers
understand relationships between variables like temperature and chemical reaction
rates, or medicine dosage and recovery.

Types of Correlation
Correlation can be classified into the following types:
1. Positive and Negative Correlation

¢ Positive Correlation: When both variables move in the same direction. For example,
income and spending.

¢ Negative Correlation: When one variable increases and the other decreases. For
example, price and demand.

2. Linear and Non-linear Correlation

e Linear Correlation: If the change in one variable results in a proportional change in
another variable. The points lie close to a straight line.

¢ Non-linear (Curvilinear) Correlation: If the change is not proportional, and the graph
forms a curve.



3. Simple, Multiple, and Partial Correlation
o Simple Correlation: Relationship between two variables only.

e Multiple Correlation: Relationship between one variable and a group of other
variables.

o Partial Correlation: When the effect of one or more variables is kept constant, and the
correlation between the remaining is studied.

So, correlation is a powerful tool in statistics that helps us measure and understand the
relationship between variables. With methods like scatter diagrams, Pearson's coefficient, and
Spearman’s rank, we can measure the strength and direction of this relationship. It plays a vital
role in various fields such as business, economics, science, and social studies.

Q2. Write short note on the following:
(a) Probable errors
(b) Coefficient of determination.
(c) Covariance.

Ans: (a) Probable Errors

Probable error is a statistical measure used to check the reliability of the correlation
coefficient (r). It tells us whether the calculated value of 'r' is dependable or not. Probable error
is denoted by P.E. and is calculated using the formula:

2
P.E. — 0.6745 x - "
/n
Where:
e r=correlation coefficient
e n=number of observations
Interpretation:

o |Ifthevalue of 'r'is less than the probable error, the correlation is not significant.

e |fthevalue of 'r' is more than 6 times the probable error, the correlation is definitely
significant.

e Probable error helps in determining the accuracy and dependability of the correlation
value.

(b) Coefficient of Determination

The coefficient of determination, denoted by r2, is the square of the correlation coefficient
(r). It shows the proportion of variation in the dependent variable that is explained by the
independent variable in a regression model.



r® = (Correlation Coefficient)?

It ranges from 0 to 1:
e [fr2=1, it means the independent variable perfectly explains the dependent variable.
e |fr2=0, it means there is no explanation at all.

For example: If r=0.8, then r2=0.64. This means 64% of the variation in the dependent variable
is explained by the independent variable.

Itis a very useful conceptin regression analysis, as it shows how well the model fits the data.

(c) Covariance

Covariance is a measure that shows the direction of the relationship between two variables.
It tells us whether the variables move together or in opposite directions.

o |f both variables increase or decrease together, the covariance is positive.
o |f onevariable increases while the other decreases, the covariance is negative.
e |Ifthere is no pattern, the covariance is zero.

The formula for covariance is:

2.(X; — X)(Y; - Y)

n

Cov(X,Y) =

Where:
e XandY arevariables
e X andY aretheir means
e nisthe number of observations

Covariance helps in understanding the nature (positive or negative) of the relationship between
two variables, but not the strength. For measuring both strength and direction, correlation is
used.

Q3. Write short notes on the following:
(a) Karl Pearson’s Method.
(b) Rank Correlation method.
(c) concurrent Deviation method.

Ans: (a) Karl Pearson’s Method (or Pearson’s Correlation Coefficient)



Karl Pearson’s method is one of the most popular and widely used methods to measure the
degree of linear relationship between two variables. It was developed by British statistician

Karl Pearson. The correlation coefficient obtained through this method is called the Pearson
correlation coefficient (r).

Formula:

Where:
e X and Y are the values of the two variables,
e X andY are their respective means,

e 7 lies between -1 and +1.

Interpretation:
e |fr=+1r=+1r=+1, there is a perfect positive correlation.
o Ifr=—1r=-1r=-1, there is a perfect negative correlation.
o |fr=0r =0r=0, there is no correlation between the variables.
Characteristics:
e |t measures the strength and direction of a linear relationship.
¢ ltis affected by extreme values (outliers).
e |tis suitable for quantitative data only.
Example:

If we are comparing the marks of students in Mathematics and Science, and find r=0.85r =
0.85r=0.85, this means there is a strong positive correlation between the two.

This method is mostly used in economics, business, education, and other fields to
understand relationships like sales vs advertising, income vs expenditure, etc.

(b) Rank Correlation Method (Spearman’s Rank Correlation)

The rank correlation method is used when data is in the form of ranks or can be easily converted
into ranks. Itis also known as Spearman’s Rank Correlation, named after Charles Spearman.

This method is useful when the data is ordinal or when it is difficult to measure the actual
values but we can rank the items.



Formula:

63 d

s=1-—
" n(n? — 1)

Where:
e 7. = Spearman’s rank correlation coefficient,

e ( = difference between the ranks of two variables,

e 7 = number of observations.

Characteristics:
e |tis used for qualitative characteristics like beauty, intelligence, performance, etc.
e Thevalue of rs also lies between -1 and +1.
e Ifranks are equal (i.e., tied ranks), correction must be applied.
Advantages:
e |tis simple to calculate.
e ltis not affected much by extreme values.
e Useful for non-numeric or ordinal data.
Example:

If we rank five players based on fitness and performance, and then calculate the rank
correlation, a high positive value of rs indicates that the better the fitness, the better the
performance.

This method is mostly used in psychology, sociology, sports rankings, and human behavior
studies.

(c) Concurrent Deviation Method

The concurrent deviation method is a very simple and quick method of calculating
correlation. It does not require detailed numerical data, but only the direction of change
(increase or decrease) between two variables over time.

In this method, we look at whether the two variables are changing in the same direction or in
opposite directions from one period to another.

Formula:



T =+

Where:
e ¢ =number of concurrent deviations (i.e., same direction changes),
e n=number of pairs of deviations (usually one less than total observations),
e Thesign of ris taken based on the general trend.
Procedure:
1. Calculate deviations from the previous period for each variable.
2. Assign‘+’forincrease, ‘-’ for decrease.
3. Countthe number of times both variables have the same sign.
4. Usethe formulato findr
Characteristics:
e This method is very easy and less time-consuming.
e |tisusefulwhen datais limited or only the direction of change is known.
e |tdoes not measure the strength of correlation precisely.
Limitations:
e |tis notvery accurate.
e Itignores the magnitude of change.
e Givesonly arough idea of whether variables move together or not.
Use:

It is used in trend analysis, business forecasting, and preliminary studies where detailed
data is not available.

These three methods offer different ways to study correlation. Karl Pearson’s method is the
most accurate but needs numerical data. Rank correlation is best for ranked or qualitative data.
Concurrent deviation is easiest but gives only a rough idea. Choosing the right method depends
on the type of data and the purpose of analysis.

Q4. Write short notes on the following:
(a) Standard errors of estimate.
(b) Coefficient of Determination.
(c) Regression coefficients.

(d) Regression line.



Ans: (a) Standard Errors of Estimate

The Standard Error of Estimate is a statistical tool used to measure the accuracy of
predictions made using a regression line. It tells us how much the actual values deviate from
the values predicted by the regression equation.

Meaning:

When we predict values using a regression line, not all actual data points fall exactly on the line.
The difference between the actual value and the predicted value is called the error. The
standard error of estimate is the average size of these errors.

Formula (for Y on X regression):

SE =
Where:
o Y = actual value,
e V= predicted value,
* 7 = number of observations. J

Importance:
¢ Asmall standard error indicates that the regression line fits the data well.
o Alarge standard error shows that the predictions are not very accurate.

It is mainly used in regression analysis to judge the goodness of fit of the regression model.

(b) Coefficient of Determination

The Coefficient of Determination is a value that shows how well the independent variable
explains the variation in the dependent variable. It is denoted by R*2 and is the square of the
correlation coefficient.

Meaning:

If we are using variable X to predict Y, the coefficient of determination tells us what percentage
of variation in Y is explained by X.

Formula:

R? — Explained Variation
N Total Variation

Interpretation:
o If R? = 0.90, it means 90% of the changes in Y are explained by X.

e If R? = 0.25, only 25% of the variation is explained by the independent variable.

Features:



e Value lies between 0 and 1.
e Ahighervalue indicates a better fit.
e |t helpsto understand the predictive power of the regression model.

This is widely used in regression analysis, economics, finance, and forecasting models.

(c) Regression Coefficients

Regression coefficients are the numerical values that represent the relationship between
independent and dependent variables in a regression equation. In simple terms, they show
how much the dependent variable (Y) changes when the independent variable (X) changes by
one unit.

In a simple linear regression equation:
Y=a+bXY
e a=intercept,
e b =regression coefficient or slope.
Meaning:
e |fb=2,itmeans when Xincreases by 1, Y increases by 2 units.
e The sign of b (positive or negative) shows the direction of the relationship.
Properties:
e There are two regression coefficients in bivariate data: b(Y on X) and b(X onY).
e |f both variables are positively related, both coefficients will be positive.
Uses:
e Helpsin predicting values.
¢ Indicates the rate of change.
e Shows strength and direction of the relationship.

Regression coefficients are useful in various fields like business, statistics, economics, and
social sciences to understand and interpret relationships between variables.

(d) Regression Line

The regression line is a straight line that best fits the data points on a graph showing the
relationship between two variables. It is used to predict the value of one variable based on the
value of another.

Equation of Regression Line:

Y =a+bX



e Y =dependentvariable,

e X=independent variable,

e a=intercept (value of Y when X=0),

o b =slope (regression coefficient).
There are two types of regression lines:

1. Regression line of Y on X — used to predict Y based on X.

2. Regression line of Xon Y —used to predict X based on Y.
Features:

e |t passesthroughthe meanof XandY.

e |t gives the best possible prediction with the least error.

e The slope shows the direction and strength of the relationship.
Importance:

e |t simplifies the data into a simple equation.

¢ Helpsin forecasting and prediction.

o Widely used in data analysis, machine learning, and econometrics.

These short notes cover the core concepts of standard error of estimate, coefficient of
determination, regression coefficients, and regression line. All of them are key components
of regression analysis, which is one of the most important tools in statistical studies for
understanding and predicting relationships between variables.

Q5. What do you mean by regression analysis? Explain its types and utility. Also state any
three differences between correlation and regression.

Ans:Meaning of Regression Analysis

Regression analysis is a statistical method used to study the relationship between two or
more variables. It helps in estimating or predicting the value of one variable (called the
dependent variable) based on the value of another variable (called the independent variable).

For example, if we want to predict a student's exam score based on the number of hours they
studied, regression analysis can help us find a mathematical equation that shows this
relationship.

Regression not only tells us if a relationship exists, but it also gives us a formula to predict the
future values of the dependent variable based on known values of the independent variable.

Types of Regression Analysis

There are several types of regression, depending on the number of variables and the nature of
their relationship. The main types are:

1. Simple Linear Regression



This involves two variables: one dependent and one independent. It finds a straight-line
relationship between them.

Example: Predicting sales based on advertising spend.

Equation:

Y=a+bX

Where:
e Y=dependentvariable
e X=independent variable
e a=intercept

e b =slope orregression coefficient

2. Multiple Regression

This involves one dependent variable and two or more independent variables. It helpsin
understanding how multiple factors affect the outcome.

Example: Predicting house prices based on location, size, and age of the house.

Equation:

Y =a+ lel + bEXZ Rt bﬂXﬂ-

3. Non-Linear Regression

When the relationship between the variables is not a straight line, we use non-linear
regression. The curve can take many forms, such as exponential, logarithmic, or polynomial.

Example: Population growth over time.
4. Logistic Regression

Used when the dependent variable is categorical (like Yes/No, Success/Failure). It predicts
the probability of the outcome.

Example: Predicting whether a customer will buy a product or not.
Utility or Importance of Regression Analysis

1. Prediction and Forecasting:
Regression helps in forecasting future values, such as predicting demand, sales, or
expenses.

2. Decision-Making Tool:

Businesses and policymakers use regression analysis to make better decisions based
on data.



3. Understanding Relationships:
It identifies how strongly variables are related and how one affects another.

4. Helps in Optimization:
In operations or marketing, regression helps find the best combination of factors to
achieve maximum efficiency or profit.

5. Data Interpretation:
Helps to convert complex data into simple, understandable equations.

Three Differences Between Correlation and Regression

Feature Correlation Regression

Measures the strength and direction of ||Measures the effect of one variable

1. Purpose
P the relationship between two variables. [jon another and allows prediction.
2. Variables ||No distinction — both variables are Clear distinction — one variable is
Role treated equally. independent, the other is dependent.

Gives a single value called the
3. Outcome ||correlation coefficient (r), ranging from -
1to +1.

Gives a regression equation to
predict the dependent variable.

Regression analysis is a powerful tool in statistics for explaining and predicting relationships
between variables. It is widely used in economics, business, social sciences, and scientific
research. Understanding its types and uses helps us apply it correctly in real-life decision-
making. While correlation shows if two variables move together, regression goes a step further
by quantifying how and by how much one variable affects the other.

Unit 3

Q1. What do you mean by time series analysis? Explain various models for analysis of time
series. Also explain its components and utility.

Ans: Time Series Analysis is a method used in statistics to study and analyze data that is
collected over a period of time. When data is recorded at regular intervals like daily, monthly,
quarterly, or yearly, it is called time series data.

Examples:
e Daily stock prices
e Monthly sales of a product
e Annualrainfallin a region
e Quarterly GDP of a country

Time Series Analysis helps in identifying patterns or trends in such data, so that we can
understand the past and predict future values.



Models for Analysis of Time Series

There are different models used to analyze time series data. These models help in
understanding the pattern in the data and making forecasts. The most commonly used models
are:

1. Additive Model

In this model, it is assumed that all the components of the time series (like trend, seasonal,
cyclical, and irregular) add up to form the actual data.

Formula:
Yi=T,+5+Ci+ 1
Where:
e Y, = Actual data at time ¢
e T, = Trend component
¢ S,
. C,

Seasonal component

Cyclical component
e [, = Irregular component

This model is used when the variation in data remains constant over time.

2. Multiplicative Model

In this model, it is assumed that the components multiply together to form the actual value.

Formula:

};:TtXStXCtXIt

This model is used when the variation increases or decreases with the level of the data.

3. ARIMA Model (AutoRegressive Integrated Moving Average)
This is a popular statistical model for forecasting time series data. It combines three elements:
¢ AutoRegressive (AR): The current value depends on previous values.

¢ Integrated (l): Used to make the data stationary by removing trends.



¢ Moving Average (MA): The current value depends on past errors.

This modelis widely used in real-world applications like weather forecasting, stock price
prediction, etc.

4. Exponential Smoothing Model

This model gives more weight to recent observations than older ones. It is useful when data
has no strong trend or seasonal pattern.

There are different types of exponential smoothing:
o Simple exponential smoothing
¢ Double exponential smoothing (for trend)

e Triple exponential smoothing (for seasonality)

Components of Time Series

Time series data is made up of four main components:

1. Trend (T)

This is the long-term movement in the data. It shows the general direction — upward,
downward, or constant — over time.

Example: An increase in population over the years.

2. Seasonal Variation (S)

This refers to regular patterns that repeat over a specific time period, such as every month,
quarter, or year.

Example: Ice cream sales increase in summer and decrease in winter.

3. Cyclical Variation (C)

This represents the up and down movements in the data over a longer time period, usually
related to economic cycles.

Example: Business cycles, such as periods of boom and recession.

4. Irregular or Random Variation (l)
These are unpredictable and random factors that affect the data temporarily.

Example: Sudden natural disasters, strikes, or pandemics.



Utility or Importance of Time Series Analysis

Time series analysis is very useful in different fields. Some of its main uses are:

1. Forecasting

It helps in predicting future values based on past patterns. Businesses use it to forecast sales,
demand, and profits.

2. Planning and Decision Making

Governments, businesses, and organizations use time series data to make better strategic
decisions.

3. Performance Analysis

It helps in understanding whether performance is improving, declining, or staying the same over
time.

4. Understanding Seasonal Effects

Time series analysis helps businesses adjust their strategies based on seasonal demand.

5. Identifying Trends and Patterns

It helps to study long-term trends in data like inflation, unemployment, or climate change.

6. Quality Control

In manufacturing, time series data is used to check for defects and process improvements
over time.

Time series analysis is a very useful tool for understanding past behavior and making
predictions about the future. By analyzing patterns like trends, seasonal effects, and cycles,
businesses and researchers can take better decisions. The choice between different models
depends on the nature of the data and the purpose of analysis. Understanding the components
and utility of time series is essential for effective planning and forecasting.

Q2. What do you mean by trend? Explain its various methods used for measuring it.

Ans: A trend refers to the long-term direction or movement in a time series data over a period
of time. It shows whether the data is increasing, decreasing, or remaining constant over a
long duration.



Trends help us to understand how values are changing with time. For example, if the sales of a
product are increasing every year, then it shows an upward trend. Similarly, if the number of
newspaper readers is decreasing every year, it shows a downward trend.

Trend does not consider short-term fluctuations, such as seasonal or irregular variations. It
only highlights the overall movement in the data.

Importance of Studying Trend
1. Helps in Forecasting: Knowing the trend helps in predicting future values.

2. Supports Decision Making: Businesses use trend analysis to plan production, sales,
and marketing.

3. ldentifies Growth or Decline: It shows whether an organization or economy is growing
or declining.

4. Removes Irregularities: Trend lines help remove random fluctuations and provide a
clearer picture.

Methods of Measuring Trend

There are several methods used to measure trend in time series data. These methods help in
finding the direction and rate of change in the data over time. The most common methods are:

1. Freehand or Graphic Method

In this method, the data points are plotted on a graph paper. A smooth curve or straight line is
drawn by hand to represent the trend.

Steps:

e Plotthe time on the X-axis and data values on the Y-axis.

e Mark the points for each time period.

¢ Draw a smooth line that passes through the points, showing the overall direction.
Advantages:

e Simple and easy to use.

e Useful for getting a quick idea of the trend.
Disadvantages:

e Notaccurate.

e Depends on personal judgment.

e Not suitable for forecasting.



2. Semi-Average Method

In this method, the data is divided into two equal parts, and the average of each partis
calculated. These averages are then used to draw the trend line.

Steps:

e Divide the time series into two equal halves.

¢ Find the average of each half.

e Plotthese two averages on the graph at the middle point of each half.

e Draw a straight line connecting these two points. This line represents the trend.
Advantages:

e More accurate than the freehand method.

e Simpleto use.
Disadvantages:

¢ Only suitable for data with a straight-line trend.

e Cannot be used if the number of data points is odd.

3. Moving Average Method

This method smooths out short-term fluctuations and highlights the long-term trend. It works by
replacing each value with the average of a fixed number of surrounding values.

Types of Moving Average:
e 3-year moving average
e 5-year moving average

e 7-year moving average (and so on)

e Choose the number of years (or periods) for moving average.
e Calculate the average for each group of years.

e Place the average in the middle of the group.

e Repeatfor the entire series.

Example: For a 3-year moving average:

Yi+Y, + Y3
3

Average =



Advantages:

e Removes short-term fluctuations.

e Suitable for data with irregular variations.
Disadvantages:

o Trend values are not available for all years.

e Not suitable if the trend is not linear.

4. Method of Least Squares (Mathematical Method)

This is the most accurate and scientific method for measuring trend. A mathematical
equation is used to find the best-fitting trend line, usually in the form of a straight line or a
curve.

For linear trend, the equation is:

Y =a+bX

Where:
e Y =estimated value
e X=time (in coded form)
e a=Y-intercept (value of Y when X =0)

e b =slope of the line (change in Y per unit change in X)

e Assignvalues to X such that their sum is zero (like -2, -1, 0, 1, 2).
e Use formulas to calculate ‘a’ and ‘b’.
o Plot the trend line using the equation.
Advantages:
e Mostaccurate method.
e Suitable for both straight and curved trends.
e Useful for forecasting.
Disadvantages:
e Slightly complex calculations.
¢ Needs accurate mathematical work.

The trend is a key component of time series analysis, as it shows the overall movement of data
over time. Several methods are available to measure trend, ranging from simple ones like the
freehand and semi-average methods to more accurate ones like the moving average and least



squares method. The choice of method depends on the type of data, the accuracy required, and
the purpose of the analysis. Studying trends helps businesses, economists, and researchers to
make informed decisions and future plans based on past performance.

Q3. What is seasonal index? Explain the different methods of estimating it. Also explain
the uses and limitations of seasonal indices.

Ans: A seasonal index is a number that shows how a particular season, month, or quarter
affects the data in a time series. It helps us to measure seasonal variations, which are the
regular and predictable changes that happen every year due to seasons, festivals, holidays, or
weather.

For example:
o |ce cream sales are higher in summer and lower in winter.
o Sale of woollen clothes increases in winter.
e Electricity usage may be higher in summer due to fans and ACs.

A seasonal index shows how much a time period (like a month or a quarter) differs from the
average. It is usually expressed as a percentage. If the seasonal index is above 100, it means
the value is above average, and if it is below 100, the value is below average.

Formula for Seasonal Index (General Form)

Value for a period

x 100

Seasonal Index =

Average of all periods

Methods of Estimating Seasonal Index
There are four main methods used to calculate seasonal indices:
1. Simple Average Method

This is a simple method used when the data is available for multiple years by periods (monthly,
quarterly).

Steps:
1. Arrange the data year-wise and month-wise (or quarter-wise).
2. Find the average for each month (or quarter) across all years.
3. Calculate the overall average of all months/quarters.

4. Divide each monthly average by the overall average and multiply by 100.

Seasonal Index = (Monthly Average) x 100

Overall Average

Example:

If the average sales in January across 5 years is 120 units, and the overall monthly average is 100 units,

. 120 _
then the January seasonal index = {55 % 100 = 120



2. Ratio-to-Trend Method

In this method, the trend value is calculated using the least squares method, and then the
actual values are compared to the trend values.

Steps:
1. Find the trend value for each time period using the least squares method.
2. Divide the actual value by the trend value and multiply by 100.

3. These ratios are the seasonal factors. Group them by the same month or quarter and
find the average.

Actual Value
] Index = 1
Seasonal Index Trond Value x 100

Advantage: It considers both the trend and seasonal effects.

3. Ratio-to-Moving Average Method
This is a widely used method for seasonal index calculation.
Steps:
1. Calculate centered moving averages to smooth the data and remove trend.

2. Divide the actual value by the moving average and multiply by 100 to get the seasonal
ratio.

3. Group these ratios month-wise or quarter-wise and find the average for each
month/quarter.

4. Adjustthe indices so that their total equals the number of months x 100 (or quarters x
100).

Actual Val
Seasonal Index = c.ua Value x 100
Moving Average

Advantage: It removes both trend and irregular variations.

4. Link Relative Method

This method uses link relatives which are the percentage changes from one period to the next.
Steps:

1. Calculate link relatives:

Link Relative = ( Current Period Value ) 100

Previous Period Value

2. Group link relatives by month/quarter and calculate average.



3. Convert the average link relatives into a chain index.
4. Convertthe chain index into seasonalindices.
Limitation: Itis a complex method and not very common.
Uses of Seasonal Indices
1. Business Planning: Helps businesses plan for high or low demand seasons.
2. Sales Forecasting: Adjusts future forecasts based on seasonal effects.

3. Production Scheduling: Factories can adjust production levels as per seasonal
demand.

4. Inventory Management: Helps manage stock during peak and low seasons.
5. Budgeting: Seasonalindices help in estimating monthly or quarterly budgets.
Limitations of Seasonal Indices

1. Based on Past Data: They assume that past patterns will repeat, which may not always
be true.

2. Ignores Irregular Events: Unexpected factors like strikes, pandemics, or economic
shocks are not considered.

3. Accuracy Depends on Method Used: Some methods are more reliable than others.
Poor choice of method may give wrong results.

4. Complex Calculations: Some methods like ratio-to-trend or link relative require
technical knowledge.

5. Assumes Fixed Seasonal Pattern: It assumes seasonal effect is constant every year,
which may change over time.

Seasonalindices are very useful tools in time series analysis. They help in understanding
regular seasonal effects and adjusting data accordingly. Various methods like simple average,
ratio-to-trend, ratio-to-moving average, and link relative can be used to calculate seasonal
indices, depending on the data and accuracy needed. While these indices are helpful for
planning and forecasting, they also have limitations and must be used carefully.

Q4. Write short note on the following:

(a) Additive model in the context of analysis of time series.

(b) Secular Trend/TrendT (components time series).

(c) Deseasonalisation of Data.

(d) Link relative method (measurement of seasonal variations).
Ans: (a) Additive model in the context of analysis of time series

The additive model is one of the main models used in time series analysis. It assumes that all
the components of a time series (Trend, Seasonal, Cyclical, and Irregular) add up to give the
actualvalue at any pointin time.



Formula of Additive Model:
E:Tt‘i‘st‘{_ct‘i_ft

Where:
e Y, = Actual value at time t
e T} = Trend value

e S, = Seasonal effect

e (}

Cyclical effect

e [; = Irregular (random) effect

This model works well when the seasonal variations or other components do not increase or
decrease as the trend changes — in other words, when seasonal effects remain constant over
time.

Example: If monthly sales = 500 units, and we know trend = 450, seasonal effect = +30, and
irregular = +20, then

Y=450+30+20=500
The additive modelis best used when:
e Seasonal and irregular effects are roughly the same in all periods.

e Theimpactofthe trendislinear.

(b) Secular Trend / TrendT (components of time series)

Secular Trend, also known as Trend (T), is the long-term movement in a time series. It shows
the general direction in which the data is moving over a long period. This movement may be
upward, downward, or constant.

Features of Trend:
e Itignores short-term fluctuations.

o It shows long-term direction due to factors like population growth, technology changes,
and economic development.

e ltisthe base componentin any time series.

Methods to Measure Trend:



1. Freehand/Graphic Method - Drawing a smooth line through a time series graph.
2. Moving Average Method - Taking the average of values over fixed intervals.
3. Least Squares Method - Fitting a straight line using a mathematical equation.

Example: If a company’s yearly sales are steadily increasing from 10,000 to 20,000 unitsin 5
years, the general direction is upward — that is the trend.

(c) Deseasonalisation of Data

Deseasonalisation means removing the seasonal effects from a time series. It helps us
understand the pure trend and other components without the seasonal ups and downs.

Purpose:
e To analyze the underlying trend clearly.
o To make accurate forecasts for future periods.

o To compare data across different time periods fairly.

Formula (Additive Model):

Deseasonalised Value = Actual Value — Seasonal Index

Formula (Multiplicative Model):

Actual Val
Deseasonalised Value = ctual Value x 100
Seasonal Index

Example: If actual sales in January = 120 units, and seasonal index = 110,

Deseasonalised value = % x 100 = 109.1 units

Importance:
¢ Removes seasonal bias from data.
e Helpsin fair comparison of monthly or quarterly performance.
e Improves accuracy in forecasting future values.

(d) Link Relative Method (Measurement of Seasonal Variations)

The Link Relative Method is used to measure seasonal variations in a time series by
calculating the percentage change from one period to the next.

Steps:

1. Calculate Link Relatives

t Period Val
Link Relative = ( Current Period Value ) 100

Previous Period Value



2. Group link relatives by the same month or quarter across different years.
3. Find the average link relatives for each month/quarter.
4. Convertthem into chain indices by starting with a base value (usually 100).

5. Normalize the seasonal indices so that their average equals 100.

Example:
If sales in Jan = 100, Feb = 120,

Then Link Relative for Feb = % x 100 = 120

Advantages:

e Captures seasonal changes effectively.

o FEasyto calculate using percentage changes.
Disadvantages:

e Requires continuous data over multiple periods.

¢ May give wrong results if irregular variations are strong.

Each of these concepts plays an important role in time series analysis:

The additive model helps break down the time series into understandable components.

The trend shows the long-term direction of the data.

Deseasonalisation removes repeating seasonal effects to reveal the true movement.
¢ The link relative method helps measure and isolate seasonal variations.

These techniques are widely used in economics, business forecasting, and statistical planning
to make better and more informed decisions.

Unit4

Q1. Explain the concept of statistical decision theory and discuss its usefulness in
between situations. Also explain the various elements that decision matrices usually
contain.

Ans: Statistical Decision Theory is a branch of applied statistics that helps in making rational
decisions when there is uncertainty involved. It provides a logical and mathematical way to
evaluate and choose among different possible alternatives or actions, depending on the
outcomes and risks.

In simpler terms, statistical decision theory tells us what choice to make when we do not
know what will happen in the future. It is based on data, probabilities, and logical thinking.
The goal is to select a decision that will give the best possible result or minimum loss even in
the presence of uncertain events.

For example, a businessman deciding how much stock to order without knowing future demand
is using decision theory, whether consciously or not. Using this theory, they can choose the
most profitable or least risky option.



Usefulness of Statistical Decision Theory in 'Between’' Situations
Statistical decision theory is most useful in situations where:

e There is uncertainty about future outcomes.

e Multiple decisions or strategies are available.

e Probabilities for outcomes are known or can be estimated.

These types of situations are often called "between situations" — where you’re not completely
in the dark (uncertainty without any data), nor do you have perfect knowledge (certainty).
Instead, you have some information like probability estimates, past data, or expert judgment.

Examples of "between situations":
1. Acompany launching a new product and not being sure about how the market will react.

2. Afarmer deciding whether to grow wheat or rice without knowing the exact rainfall this
season.

3. Astock trader choosing between buying or holding shares while knowing only the
probable market trends.

In such cases, statistical decision theory helps to:
e Reduce the chance of making bad decisions.
e Compare the possible risks and returns.
e Use past data and probabilities effectively.
e Choose the best strategy under uncertainty.
Elements of Decision Matrix

A decision matrix is a tool used in statistical decision theory to represent the decision-making
situation in a simple table form. It shows the relationships between decisions, states of
nature (future events), and outcomes (also called payoffs or losses).

The matrix usually includes the following four key elements:
1. Acts or Alternatives (Decisions):

These are the different choices or strategies available to the decision-maker. For example, a
business may choose to:

e Launch anew product.

e Expand production.

¢ Wait and do nothing.
These acts form the rows of the decision matrix.
2. States of Nature (Events):

These represent the possible future scenarios or events that are not under the control of the
decision-maker. These could be market conditions, weather, customer demand, etc.



Examples of states of nature:

e High demand or low demand

e Good weather or bad weather

e Economic boom orrecession
These states form the columns of the matrix.
3. Outcomes or Payoffs:

Each cell in the matrix represents the outcome of choosing a particular act when a certain state
of nature occurs. Outcomes can be:

e Profits (positive payoffs)

e Losses (negative payoffs)

e Costs saved orincurred
Outcomes can be expressed in numbers (e.g., rupees or units) to compare easily.
4. Probabilities (Optional):

In many cases, we assign probabilities to each state of nature. These probabilities are based on
historical data, expert opinion, or statistical analysis.

If probabilities are available, we can use methods like:
e Expected Monetary Value (EMV)
e Expected Opportunity Loss (EOL)
e Decision Tree Analysis
If probabilities are not known, we use methods like:
¢ Maximin (choose the option with the best worst-case outcome)
¢ Maximax (choose the option with the best best-case outcome)

o Minimax Regret (choose the option that minimizes the maximum regret)

Example of a Simple Decision Matrix

Decision/ Act High Demand (P=0.6)||Low Demand (P=0.4)

Produce 1000 units||Profit =350,000 Loss =310,000
Produce 500 units ||Profit =330,000 Profit =%15,000
Do Nothing Profit =0 Profit =0

This table helps the manager decide what to do, based on outcomes and probabilities.



Statistical decision theory is a practical and useful tool for making decisions under uncertain
situations. It helps businesses, investors, planners, and managers make more informed and
logical decisions by using past data, probabilities, and outcome analysis. The decision matrix
provides a clear structure to compare all possible options and outcomes, helping reduce risk
and choose the most beneficial course of action.

Q2. Explain decision making under uncertainty and methods used for decision making
under risk with probability.

Ans: Decision making under uncertainty refers to situations where a person or manager has
to make a choice without knowing what will happen in the future, and no reliable
probabilities can be assigned to future events. In these situations, there is complete
uncertainty about which state of nature (future condition) will occur.

This kind of decision is common in real life. For example:
e Anew business launching a product in an unknown market.
e Afarmer choosing a crop without knowing future rainfall or weather.
e Aninvestor buying shares without knowing if the market will rise or fall.

In such cases, since no probabilities are known, we use some special methods to make logical
decisions.

Methods of Decision Making Under Uncertainty
There are five commonly used methods for decision making under uncertainty:
1. Maximax Criterion (Optimistic Approach):

o Thisis for a risk-taking or optimistic decision maker.

e The decision maker looks at the maximum possible payoff for each alternative and
then chooses the alternative with the highest of these maxima.

e Itassumes the best will happen.

Example:
If option A has max profit 310,000, option B ¥7,000, and option C 9,000, we choose A.

2. Maximin Criterion (Pessimistic Approach):
e This method is used by a risk-averse or cautious decision maker.

e The decision maker finds the minimum payoff for each alternative (worst-case
outcome) and then chooses the one with the highest minimum.

e Itassumes the worst may happen, and chooses the safest option.

Example:
If A's minimum payoff is 32,000, B's is 35,000, and C's is 3,000 > choose B.

3. Minimax Regret Criterion (Regret Approach):

e This method focuses on regret or opportunity loss.



o First, we build a regret table by finding the difference between the best possible
outcome in each state and the outcomes of each decision.

¢ Then we select the decision with the minimum of the maximum regrets.
It’s used by people who want to avoid future regret.
4. Laplace Criterion (Equal Probability):

¢ When no probabilities are known, we assume that all states of nature are equally
likely.

e The decision maker calculates the average payoff for each alternative and selects the
one with the highest average.

This is a neutral or rational approach when there’s no reason to prefer one state over another.
5. Hurwicz Criterion (Realistic Approach):

e This method is a mix of optimism and pessimism.

e Acoefficient of optimism (a) is chosen between 0 and 1.

e Foreach decision, the formula is:
(a x maximum payoff) + [(1 - a) x minimum payoff]

e The decision with the highest result is chosen.

Example:
If a=0.6 and A's maxis 310,000 and min is 4,000:
Value = (0.6 x 10,000) + (0.4 x 4,000) =%7,600.

Decision Making Under Risk

In decision making under risk, the possible outcomes are known, and probabilities can be
assigned to these outcomes based on data, experience, or estimates. This is different from
uncertainty, where nothing is known about future events.

These situations are more structured because the risk is measurable.
Examples of decision-making under risk:
¢ A company knows from past experience the chances of high or low product demand.
e Aninsurance company knows the probability of claims.
e Aninvestor has data on stock market trends.
Methods Used for Decision Making Under Risk (with Probability)
1. Expected Monetary Value (EMV):
e EMVisthe mostcommon method.

e |tis calculated by multiplying each outcome value by its probability, and then adding
all the results:

EMV = X (Payoff x Probability)



The decision with the highest EMV is selected.

Example:

Alternative||Outcome||Probability||Payoff

A

High 0.6 10,000

Low 0.4 2,000

EMV of A= (0.6 x 10,000) + (0.4 x 2,000) = 37,200

2. Expected Opportunity Loss (EOL):

This is based on opportunity loss or regret.

First, we find a regret table (difference between best and actual outcome for each
state).

Then multiply each regret by its probability and find the total EOL.

The decision with the lowest EOL is chosen.

3. Decision Tree Analysis:

A graphical method used for multi-stage decisions.
Itincludes branches for decisions, chance events, probabilities, and outcomes.

Helps visualize complex decisions and calculate EMV at each stage.

4. Risk-Adjusted Payoff Method:

In this, payoffs are adjusted by risk factors before calculating EMV.

Used when a decision maker is risk-sensitive, not neutral.

Decision making under uncertainty and risk are important tools in business, economics,
agriculture, and management. When future events are not known and probabilities are not
available, we use uncertainty methods like Maximax, Maximin, and Minimax Regret. When
probabilities are known, risk methods like EMV and Decision Trees help in choosing the most
beneficial or least risky alternative. These techniques help decision-makers use logic and data
to improve their choices even when the future is uncertain.

Q3. Write short notes on the following:

(a) Control charts
(b) Product control or acceptance sampling
(c) Laplace strategy

(d) Maximal and maximin criteria

Ans: (a) Control Charts:



Control charts are tools used in statistical quality control to monitor whether a manufacturing
or business process is stable over time. They help in identifying any unusual variations in the
process.

e Acontrol chart has a central line (CL) for the average, and two control limits: upper
control limit (UCL) and lower control limit (LCL).

¢ |f most points fall between these limits, the process is said to be in control.

e |f points go outside the control limits or show non-random patterns, the process may be
out of control, and corrective action may be needed.

Types of Control Charts:
e X Chart: For monitoring the mean of a process.
¢ R Chart: For monitoring the range within samples.
e P Chart: For monitoring the proportion of defectives.

Use: Control charts help in maintaining product quality, reducing waste, and improving
efficiency.

(b) Product Control or Acceptance Sampling

Product control, also known as acceptance sampling, is a method used to decide whether to
accept or reject a batch (lot) of products based on the inspection of a random sample.

¢ Instead of checking every item, a sample is taken from the lot.

e |fthe number of defective items in the sample is within an acceptable limit, the whole
lot is accepted.

e If not, the entire lot is rejected.

Risks:
e Producer’srisk(a): Good lot gets rejected.
e Consumer’srisk (B): Bad lot gets accepted.

Use: This method is helpful when full inspection is not possible, and it balances cost, time,
and quality control.

(c) Laplace Strategy

The Laplace strategy is used in decision-making under uncertainty when the decision-maker
has no knowledge about the probabilities of different outcomes.

e |tassumes that all states of nature are equally likely.
e The average or mean payoff of each decision is calculated.

¢ The decision with the highest average payoff is selected.



Formula:
Laplace Value = (Sum of all payoffs for an alternative) / (Number of outcomes)

Use: It is useful when no data is available to estimate probabilities, and the decision-maker
treats all outcomes as equally possible.

(d) Maximal and Maximin Criteria

These are decision-making methods used when the decision-maker faces uncertainty and
does not know the probabilities of outcomes.

Maximin Criterion:
e Thisis a pessimistic (risk-averse) approach.
e Foreach option, the worst-case payoff is considered.
e The decision with the best among the worst outcomes is selected.

Example:
If worst payoffs are:

e A:%3,000
e B:%2,000
e (C:34,000~>Choose C

This method focuses on minimizing losses in the worst-case.

Maximax Criterion:
e Thisis an optimistic (risk-taking) approach.
e Foreach option, the best possible payoff is considered.
e The decision with the highest possible gain is chosen.

Example:
If maximum payoffs are:

e A:36,000
e B:%10,000
e (:%8,000~> Choose B
This method focuses on maximizing potential gain.

Usefulness:
These criteria help decision-makers choose logically when probabilities are not available,
depending on whether they are optimistic or cautious by nature.



Q5. Write short notes on the following:
(a) Wald's strategy
(b) X - chart
c) pay off take
(d) np - chart

Ans: (a) Wald’s Strategy:

Wald’s strategy is a decision-making approach used when there is uncertainty about which
outcome will occur, and no probabilities are assigned to the states of nature. It is also known
as the Maximin strategy, because it focuses on maximizing the minimum gain (or minimizing
the maximum loss).

¢ In this strategy, the decision-maker considers the worst possible outcome for each
decision alternative.

¢ Among all these worst outcomes, the decision-maker selects the option which offers
the best (maximum) of these worst-case scenarios.

o |tis basedontheideathat the decision-maker is highly risk-averse and wants to avoid
the possibility of extreme losses.

Example:

Suppose a business has to choose between launching Product A, B, or C. If each product has a
set of potential profits under different market conditions (but we don’t know the probability of
each market condition), Wald's strategy would identify the lowest profit for each product and
choose the one with the highest of these lowest profits.

Usefulness:
This approach is useful when the stakes are high, uncertainty is significant, and the decision-
maker wants to protect themselves from the worst-case scenario.

(b) X - Chart (X-bar chart):

An X-chart is one of the most commonly used tools in Statistical Process Control (SPC). It is
used to monitor the average or mean of a process over time to ensure it stays within control
limits.

e The chart shows the average (X) of samples taken from a process at regular intervals.

¢ ltincludes a Central Line (CL) representing the overall average of the process, and two
control limits:

o Upper Control Limit (UCL)
o Lower Control Limit (LCL)
e These limits are calculated based on the standard deviation and sample size.

If all sample averages fall within these control limits, the process is considered to be “in
control.” If any point goes outside these limits or shows a pattern (like continuous upward
movement), it signals a problem that needs investigation.



Usefulness:

X-charts are useful in manufacturing and production industries where it is important to
maintain consistent quality over time. They help detect small shifts in the process average
before defective products are made.

(c) Payoff Table:

A payoff table is a simple tool used in decision-making under uncertainty and risk. It
provides a tabular view of all possible outcomes of different decisions across different states
of nature.

e Eachrow represents a decision alternative (e.g., invest, build, expand, etc.)
e Each column represents a state of nature (e.g., high demand, low demand, etc.)

¢ The cell values in the table represent payoffs—this could be profit, loss, cost, or
return—resulting from a combination of a decision and a state of nature.

The table allows decision-makers to visually compare the consequences of each option under
various possible conditions.

Example:
A company deciding whether to open a new store can list potential profits under high, medium,
and low customer demand conditions for each location. This allows for comparison of options.

Usefulness:

Payoff tables form the foundation for using various decision-making criteria like Maximin,
Maximax, Laplace, and Expected Value, which help the decision-maker choose the best
course of action.

(d) np - Chart:

The np-chart is another type of control chart used in quality control. It tracks the number of
defective (non-conforming) items in a sample over time.

e The sample size (n) is kept constant for all observations.

o “p”represents the proportion of defective items in a sample, and “np” gives the actual
number of defectives.

e Thechartincludes a center line (average number of defectives), and control limits
(UCL and LCL).

If the number of defectives in a sample exceeds these limits, the process may be out of control
and needs correction.

Example:

Suppose every day, a factory checks a sample of 100 items. If the historical defective rate is 2%,
the expected number of defectives is 2. The np-chart will monitor whether the number of
defectives in each sample stays near 2 or increases/decreases suspiciously.



Usefulness:
np-charts are especially useful in industries that produce items in large, fixed-size batches,

such as automobile parts, electronics, or packaged foods, to maintain quality and identify
problems early.



