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	Course Educational Objective

	CEO1:To provide the basic knowledge on the importance of biostatistics

	CEO2:Analyses of biological data with various biostatistical tools to draw relevant conclusions

	Course outcomes: At the end of the course, the student will be able to:

	Know the biological variables and their representation in various forms.

	Analyse the data with Bio statistical tools.

	Know the concept and theoretical probability.

	Have an idea about the theoretical distribution of data in natural conditions 

	Design of experiments and draw samples without any bias

	Learn about the test of significance and their importance
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	UNIT:1                                                                                                                  10 Hours                                                                                                                           
Introduction and definition of Biostatistics; Role and application of Biostatistics, variables in biological systems, population and samples. Collection, tabulation, graphical, and diagrammatic representation of data. Measures of central tendency: Mean, Median, and Mode and their relationship and Importance. 

	UNIT:2                                                                                                                  10 Hour                                                                                                                               

Measures of dispersion: Range, Quartile range, Mean deviation, Standard deviation, Uses of standard deviation, Concept of standard error, variance, and coefficient of variation. Skewness: coefficients of skewness, moments, and Kurtosis. Correlation analysis: definition, calculation of the correlation coefficient, graphical Method-Scatter or dot diagram. Spearson’s Rank correlation coefficient. Regression analysis: introduction, regression line, and regression equations.

	UNIT:3                                    

                                           10  Hours
Probability: Introduction, important terms and concepts of probability, various definitions and theorems of probability. Theoretical distribution: Binomial distribution, characteristics of Binomial distribution, Poisson distribution and application, Normal distribution, properties of normal curve

	UNIT:4                                                                                                                 08 Hours

Sampling and sample designs: Introduction, theoretical basis of sampling, methods of sampling, non-probability and probability sampling methods, size of sample, merits and limitations of sample.                                                                                                                                 


	UNIT:5                                                                                                                          10 Hours

Tests of hypotheses: Introduction, procedure of testing hypotheses, two-tailed and one-tailed tests of hypotheses. Tests of significance: Chi-square and goodness of fit, Student’s t test. Analysis of variance: Technique of analysis of variance (ANOVA), two-way classification model.


UNIT–1: Biostatistics
Introduction and definition of Biostatistics; Role and application of Biostatistics, variables in biological systems, population, and samples. Collection, tabulation, graphical, and diagrammatic representation of data. Measures of central tendency: Mean, Median, and Mode and their relationship and Importance
1. What is Biostatistics?

Biostatistics is the application of statistical methods to the collection, analysis, interpretation, and presentation of biological and health-related data.

2. Why is Biostatistics important in biological sciences?

It helps in designing experiments, analyzing biological data, validating research findings, and making scientific decisions.

3. Define population in Biostatistics.

A population is the complete set of all individuals, observations, or measurements of interest in a study.

4. What is a sample?

A sample is a subset of the population selected for analysis to conclude the entire population.

5. What is the difference between population and sample?

Population includes all members, while a sample includes only selected members from the population.

6. Define variable.

A variable is any biological characteristic or measurement that can vary among individuals.

7. What are biological variables?

Biological variables are measurable characteristics such as height, weight, blood pressure, or enzyme activity.

8. What are qualitative variables?

Qualitative variables describe attributes or categories, such as blood group or gender.

9. What are quantitative variables?

Quantitative variables are numerical and measurable, such as age, height, or concentration.

10. What is data collection?

Data collection is the systematic process of gathering observations or measurements for statistical analysis.

11. What is tabulation of data?

Tabulation is the systematic arrangement of data in rows and columns to facilitate analysis.

12. What is a graphical representation of data?

It is the presentation of data using graphs such as bar diagrams, histograms, and line graphs.

13. Why is graphical representation important?

It makes data easy to understand, interpret, and compare visually.

14. What is the diagrammatic representation of data?

It is the presentation of data using diagrams like pie charts, bar diagrams, and pictograms.

15. Define mean.

Mean is the arithmetic average obtained by dividing the sum of all observations by the number of observations.

16. What is the median?

Median is the middle value of an ordered data set that divides it into two halves.

17. Define mode.

Mode is the value that occurs most frequently in a data set.

18. State the relationship between mean, median, and mode.

For a symmetrical distribution:
Mean = Median = Mode
19. What is the importance of the mean?

Mean represents the overall average and is widely used for statistical comparisons.

20. Why is the median important?

Median is not affected by extreme values and is useful for skewed data.

21. What is the importance of mode?

Mode identifies the most common or typical value in a dataset.

22. When is the median preferred over the mean?

Median is preferred when the data contains extreme values or is highly skewed.

23. What are measures of central tendency?

They are statistical measures that describe the central value of a dataset, including mean, median, and mode.

24. How does biostatistics help in research?

It helps in experimental design, hypothesis testing, data interpretation, and drawing valid conclusions.

25. Give two applications of Biostatistics.

Analysis of clinical and medical data and Evaluation of biological experiments and surveys

A. Multiple Choice Questions (MCQs) with Answers

1. Biostatistics is mainly applied to:
a) Physical sciences
b) Mathematical theory
c) Biological and health sciences
d) Engineering
Answer: c
2. Which of the following is a population?
a) 50 students selected from a class
b) All students of a university
c) 10 blood samples
d) Selected patients
Answer: b
3. A sample is:
a) The entire group under study
b) A part of the population
c) Always larger than population
d) A constant value
Answer: b
4. Height of plants is an example of:
a) Qualitative variable
b) Quantitative variable
c) Nominal variable
d) Discrete attribute
Answer: b
5. Blood group is an example of:
a) Quantitative variable
b) Continuous variable
c) Qualitative variable
d) Discrete data
Answer: c
6. Arrangement of data into rows and columns is called:
a) Classification
b) Tabulation
c) Sampling
d) Graphing
Answer: b
7. Which graph is best suited for continuous data?
a) Pie chart
b) Bar diagram
c) Histogram
d) Pictogram
Answer: c
8. The arithmetic mean is calculated by:
a) Multiplying all values
b) Dividing the sum of observations by their number
c) Selecting the middle value
d) Selecting the highest frequency
Answer: b
9. The middle value of an ordered dataset is called:
a) Mean
b) Mode
c) Median
d) Range
Answer: c
10. The value that occurs most frequently is known as:
a) Mean
b) Median
c) Mode
d) Variance
Answer: c
11. Mean = Median = Mode for:
a) Skewed distribution
b) Irregular distribution
c) Symmetrical distribution
d) Bimodal distribution
Answer: c
12. Which measure is least affected by extreme values?
a) Mean
b) Mode
c) Median
d) Range
Answer: c
13. Pie chart is mainly used for:
a) Time series data
b) Frequency distribution
c) Percentage or proportional data
d) Continuous data
Answer: c
14. Which is NOT a measure of central tendency?
a) Mean
b) Median
c) Mode
d) Range
Answer: d
15. Biostatistics helps mainly in:
a) Guessing results
b) Memorization
c) Data analysis and interpretation
d) Data duplication
Answer: c

B. Very Short Answer Questions (1–2 Marks)

1. Define Biostatistics.
Ans: Biostatistics is the application of statistical methods to biological and health-related data.
2. What is a population?
Ans: Population is the entire group of individuals or observations under study.
3. Define sample.
Ans: A sample is a subset of the population selected for analysis.
4. What is a variable?
Ans: A variable is a characteristic that can take different values among individuals.
5. Give one example of a qualitative variable.
Ans: Blood group.
6. Give one example of a quantitative variable.
Ans: Height or weight.
7. What is data collection?
Ans: It is the systematic gathering of observations or measurements.
8. Define tabulation.
Ans: Tabulation is the arrangement of data in rows and columns.
9. What is graphical representation?
Ans: It is the presentation of data using graphs for easy understanding.
10. Name any two diagrammatic methods.
Ans: Bar diagram and pie chart.
11. Define mean.
Ans: Mean is the arithmetic average of a set of observations.
12. Define median.
Ans: Median is the middle value of an ordered data set.
13. Define mode.
Ans: Mode is the value that occurs most frequently.
14. State one advantage of median.
Ans: It is not affected by extreme values.
15. State one use of Biostatistics.
Ans: It is used for analysis of biological research data.

Numerical Problems with Solutions (Biostatistics)

1. Calculate the Mean

Problem:
Find the mean of the following data:
5, 8, 10, 12, 15

Solution:
Sum of observations = 5 + 8 + 10 + 12 + 15 = 50
Number of observations (n) = 5

[image: image1.png]Mean = — = 10




Answer: Mean = 10
2. Mean of Discrete Frequency Distribution

Problem:
	x
	2
	4
	6
	8

	f
	3
	5
	2
	4


Solution:
[image: image2.png]Yfx=(2x3)+(4%x5)+(6x2)+ (8x4)
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Answer: Mean = 5
3. Find the Median (Odd Number of Observations)

Problem:
Find the median of:
7, 2, 9, 4, 6

Solution:
Arrange data in ascending order:
2, 4, 6, 7, 9

Median position = (n+1)/2 = (5+1)/2 = 3

Answer: Median = 6
4. Find the Median (Even Number of Observations)

Problem:
Find the median of:
10, 14, 6, 8

Solution:
Arrange data: 6, 8, 10, 14

Median = (8 + 10)/2 = 9
Answer: Median = 9
5. Find the Mode

Problem:
Find the mode of the data:
3, 5, 7, 5, 9, 5, 11

Solution:
The value 5 occurs most frequently.

Answer: Mode = 5
6. Identify the Type of Distribution

Problem:
Mean = 20, Median = 18, Mode = 16
Identify the distribution.

Solution:
Mean > Median > Mode → Positively skewed distribution
Answer: Positively skewed

7. Calculate Mean Using Assumed Mean Method

Problem:
	x
	10
	20
	30

	f
	2
	3
	5


Assumed mean (A) = 20

Solution:
	[image: image6.png]


x
	f
	d
	fd

	10
	2
	-10
	-20

	20
	3
	0
	0

	30
	5
	10
	50


[image: image7.png]Yfd =30,%f = 10
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Answer: Mean = 23
8. Find Mean, Median, and Mode

Problem:
Data: 4, 6, 8, 6, 10, 6

Solution:
Ordered data: 4, 6, 6, 6, 8, 10

Mean = (4+6+8+6+10+6)/6 = 40/6 = 6.67
Median = (3rd + 4th)/2 = (6 + 6)/2 = 6
Mode = 6
9. Mean of Biological Measurements

Problem:
Heights (cm) of 5 plants: 120, 130, 125, 135, 140

Solution:
Sum = 650
Mean = 650/5 = 130 cm
10. Missing Frequency Problem

Problem:
	x
	10
	20
	30

	f
	3
	?
	5


Mean = 22

Solution:
Let missing frequency = f

[image: image9.png]Yfx=(10x%3)+ (20 x f) + (30 x 5) = 30 + 20f + 150 = 180 + 20f
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Solving:
180 + 20f = 176 + 22f
2f = 4
f = 2
Answer: Missing frequency = 2
11. Mean of Grouped Data

Problem:
	Class
	0–10
	10–20
	20–30

	f
	5
	10
	5


Solution:
Midpoints: 5, 15, 25

[image: image12.png]Yfx=(5x5)+ (10X 15) + (5 x 25) = 25 + 150 + 125 = 300
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Answer: Mean = 15
12. Application-Based Numerical

Problem:
The number of seeds germinated in five trials are:
12, 15, 18, 15, 20.
Find the mean and mode.

Solution:
Mean = (12+15+18+15+20)/5 = 80/5 = 16
Mode = 15

UNIT 02
Measures of dispersion: Range, Quartile range, Mean deviation, Standard deviation, Uses of standard deviation, Concept of standard error, variance, and coefficient of variation. Skewness: coefficients of skewness, moments, and Kurtosis. Correlation analysis: definition, calculation of the correlation coefficient, graphical Method-Scatter or dot diagram. Spearson’s Rank correlation coefficient. Regression analysis: introduction, regression line, and regression equations: 
1. What is dispersion?
Dispersion refers to the extent to which data values are spread or scattered around a central value.

2. What is Range?
Range is the difference between the highest and lowest values in a dataset.
Range = Maximum value − Minimum value
3. What is Quartile Range (Interquartile Range)?
It is the difference between the third quartile (Q₃) and the first quartile (Q₁).
IQR = Q₃ − Q₁
4. What is Mean Deviation?
Mean deviation is the average of the absolute deviations of data values from a central value (mean or median).

5. What is Standard Deviation?
Standard deviation measures the average deviation of data values from the mean, considering squared deviations.

6. Why is standard deviation considered the best measure of dispersion?
Because it is based on all observations and is mathematically well-defined.

7. What is Variance?
Variance is the square of the standard deviation and represents the average of squared deviations from the mean.

8. What is the formula for variance?
Variance (σ²) = Σ(x − x̄)² / N

9. What is the Coefficient of Variation (CV)?
CV is a relative measure of dispersion expressed as a percentage.
CV = (Standard Deviation / Mean) × 100
10. Why is the coefficient of variation used?
It is used to compare variability between two or more datasets with different units or means.

11. Uses of Standard Deviation

12. State two uses of standard deviation.
13. To measure variability in data

14. To compare consistency between datasets

15. What does a low standard deviation indicate?
It indicates that data values are closely clustered around the mean.

16. Standard Error

17. What is Standard Error?
Standard error measures the variability of a sample mean from the population mean.

18. Write the formula for the standard error of the mean.
SE = σ / √n
19. Why is standard error important?
It helps in estimating the reliability and precision of sample statistics.

20. What is Skewness?
Skewness measures the degree of asymmetry in a frequency distribution.

21. What are the types of skewness?
a) Positive skewness

b) Negative skewness

c) Zero skewness (symmetrical)

22. What is Karl Pearson’s coefficient of skewness?
Sk = (Mean − Mode) / Standard Deviation
23. What are moments in statistics?
Moments are numerical measures used to describe the shape of a distribution.

24. What is Kurtosis?
Kurtosis measures the degree of peakedness or flatness of a distribution.

25. What is correlation?
Correlation measures the degree and direction of relationship between two variables.

26. What is the correlation coefficient?
It is a numerical value that ranges from −1 to +1 indicating the strength of correlation.

27. What is a scatter diagram?
A scatter diagram is a graphical method used to study the relationship between two variables.

28. What is Spearman’s Rank Correlation Coefficient?
It measures correlation based on ranks rather than actual values.
ρ = 1 − (6Σd² / n(n²−1))
29. What is regression analysis?
Regression analysis studies the functional relationship between dependent and independent variables and helps in prediction.
30. Define Range.
Range is the simplest measure of dispersion and is the difference between the maximum and minimum values of a dataset.

31. What is Quartile Range?
Quartile Range is the difference between the third quartile (Q₃) and first quartile (Q₁) of a distribution.

32. Define Mean Deviation.
Mean deviation is the arithmetic mean of the absolute deviations of observations from a central value.

33. What is Standard Deviation?
Standard deviation is the square root of variance and measures the average dispersion of data from the mean.

34. Define Variance.
Variance is the mean of the squared deviations of observations from their arithmetic mean.

35. What is the Coefficient of Variation?
Coefficient of Variation is a relative measure of dispersion expressed as a percentage of the mean.

36. Mention any two uses of Standard Deviation.
a) To measure variability

b) To compare the consistency of data

37. What is the Standard Error of Mean?
Standard error is the standard deviation of the sampling distribution of the sample mean.

38. Define Skewness.
Skewness measures the degree of asymmetry in a frequency distribution.

39. What is positive skewness?
A distribution is positively skewed when the right tail is longer than the left tail.

40. What is Kurtosis?
Kurtosis measures the peakedness or flatness of a distribution.

41. Define Correlation.
Correlation measures the degree and direction of the relationship between two variables.

42. What is a Scatter Diagram?
A scatter diagram is a graphical method used to study the correlation between two variables.

43. What is Spearman’s Rank Correlation Coefficient?
It is a non-parametric measure of correlation based on ranks of data.

44. Define Regression Analysis.
Regression analysis studies the functional relationship between dependent and independent variables.
5-Mark Questions with Answers
1. Explain the various measures of dispersion.
Measures of dispersion describe the spread of data around a central value.

Range: Difference between maximum and minimum values

Quartile Range: Difference between Q₃ and Q₁

Mean Deviation: Average of absolute deviations

Standard Deviation: Square root of variance, most reliable measure

2. Explain Standard Deviation and its uses.
Standard deviation measures the extent of variation in data values from the mean.
Uses:
a) Measures dispersion accurately

b) Helps compare variability between datasets

c) Used in quality control and research analysis
3. Explain Variance and Coefficient of Variation.
Variance is the average of squared deviations from the mean.
Coefficient of Variation expresses dispersion relative to the mean and is useful for comparing datasets with different units.

4. Explain the concept of Standard Error.
Standard error measures the variability of sample means around the population mean.
Formula: SE = σ / √n
It indicates the reliability and accuracy of sample statistics.

a) Explain Skewness and its coefficients.
Skewness indicates asymmetry of a distribution.

b) Positive skewness: Mean > Median > Mode

c) Negative skewness: Mean < Median < Mode
Karl Pearson’s coefficient: Sk = (Mean − Mode) / SD

5. Explain Moments and Kurtosis.
Moments are numerical measures that describe the shape of a distribution.
Kurtosis indicates the degree of peakedness:

a) Leptokurtic (peaked)

b) Mesokurtic (normal)

c) Platykurtic (flat)

6. Explain Correlation and its coefficient.
Correlation measures the degree and direction of the relationship between variables.
The correlation coefficient ranges from −1 to +1.

a) +1: Perfect positive correlation

b) −1: Perfect negative correlation

c) 0: No correlation
7. Explain the Scatter Diagram method of correlation.: Scatter diagram plots paired data values on a graph.

a) Upward trend → Positive correlation

b) Downward trend → Negative correlation

c) Random points → No correlation

9. Explain Spearman’s Rank Correlation Coefficient.
It measures correlation using ranks.
Formula:
ρ = 1 − (6Σd² / n(n²−1))
Used when data is qualitative or ranks are given.

10. Explain Regression Analysis and Regression Equations.
Regression analysis studies the cause-and-effect relationship between variables.
There are two regression lines:

a) Regression of Y on X

b) Regression of X on Y
c) Regression equations help in prediction.

Multiple Choice Questions (MCQs) with Answers

1. Which of the following is the simplest measure of dispersion?
A. Mean deviation
B. Standard deviation
C. Range
D. Variance
Answer: C. Range
2. Range is defined as:
A. Highest value ÷ lowest value
B. Highest value − lowest value
C. Lowest value − highest value
D. Sum of all observations
Answer: B. Highest value − lowest value
3. Quartile Range is equal to:
A. Q₁ − Q₃
B. Q₂ − Q₁
C. Q₃ − Q₁
D. Q₄ − Q₁
Answer: C. Q₃ − Q₁
4. Mean deviation is calculated by taking deviations from:
A. Mean only
B. Median only
C. Mode only
D. Mean or median
Answer: D. Mean or median
5. Which measure of dispersion uses all observations and is most reliable?
A. Range
B. Quartile deviation
C. Mean deviation
D. Standard deviation
Answer: D. Standard deviation
6. Variance is:
A. Square root of SD
B. Square of SD
C. Reciprocal of SD
D. Mean deviation
Answer: B. Square of SD
7. Coefficient of Variation is expressed in:
A. Ratio
B. Units
C. Percentage
D. Absolute value
Answer: C. Percentage
8. A low standard deviation indicates:
A. High variability
B. Low variability
C. No variability
D. Negative correlation
Answer: B. Low variability
9. Standard error is related to:
A. Population mean
B. Sample mean
C. Mode
D. Median
Answer: B. Sample mean
10. Standard error of mean is calculated as:
A. σ × √n
B. σ / n
C. σ / √n
D. √n / σ
Answer: C. σ / √n
11. Skewness measures:
A. Dispersion
B. Correlation
C. Symmetry
D. Asymmetry
Answer: D. Asymmetry
12. In a positively skewed distribution:
A. Mean < Median < Mode
B. Mean = Median = Mode
C. Mean > Median > Mode
D. Mean < Mode < Median
Answer: C. Mean > Median > Mode
13. Karl Pearson’s coefficient of skewness is based on:
A. Mean and variance
B. Mean, mode and SD
C. Median and quartiles
D. Mode and variance
Answer: B. Mean, mode and SD
14. Kurtosis measures:
A. Central tendency
B. Dispersion
C. Peakedness
D. Correlation
Answer: C. Peakedness
15. A normal distribution is:
A. Leptokurtic
B. Platykurtic
C. Mesokurtic
D. Skewed
Answer: C. Mesokurtic
16. Correlation coefficient always lies between:
A. 0 and 1
B. −1 and +1
C. −∞ and +∞
D. 0 and ∞
Answer: B. −1 and +1
17. Perfect positive correlation is indicated by:
A. r = 0
B. r = −1
C. r = +1
D. r = 0.5
Answer: C. r = +1
18. Scatter diagram is used to study:
A. Regression
B. Dispersion
C. Correlation
D. Skewness
Answer: C. Correlation
19. If points in a scatter diagram fall along a straight downward line, the correlation is:
A. Positive
B. Negative
C. Zero
D. Perfect positive
Answer: B. Negative
20. Spearman’s rank correlation is used when data are:
A. Quantitative
B. Continuous
C. Ranked
D. Grouped
Answer: C. Ranked
21. The symbol used for Spearman’s rank correlation coefficient is:
A. r
B. R
C. ρ
D. σ
Answer: C. ρ
22. Spearman’s rank correlation is a:
A. Parametric test
B. Non-parametric test
C. Probability test
D. Regression test
Answer: B. Non-parametric test
23. Regression analysis is used for:
A. Measuring dispersion
B. Measuring symmetry
C. Prediction
D. Classification
Answer: C. Prediction
24. The regression line represents:
A. Exact relationship
B. Average relationship
C. No relationship
D. Random relationship
Answer: B. Average relationship
25. How many regression lines exist between two variables?
A. One
B. Two
C. Three
D. Four
Answer: B. Two
26. Find the Range of the data: 4, 9, 12, 7, 15
A. 9
B. 10
C. 11
D. 15
Answer: C. 11
(Range = 15 − 4 = 11)
27. The quartiles of a distribution are Q₁ = 18 and Q₃ = 42. Find the Quartile Range.
A. 24
B. 30
C. 36
D. 60
Answer: A. 24
28. Calculate the Mean Deviation from mean for the data: 2, 4, 6
A. 1
B. 2
C. 4
D. 6
 Answer: A. 1
(Mean = 4, MD = (2+0+2)/3 = 1)
29. If variance of a dataset is 25, find the Standard Deviation.
A. 5
B. 10
C. 12.5
D. 625
Answer: A. 5
30. If Mean = 40 and Standard Deviation = 8, find the Coefficient of Variation.
A. 5%
B. 10%
C. 20%
D. 32%
Answer: C. 20%
31. The population standard deviation is 10 and sample size is 100. Find the Standard Error.
A. 0.1
B. 1
C. 10
D. 100
Answer: B. 1
32. If Standard Deviation is 6, find the Variance.
A. 12
B. 18
C. 36
D. 72
Answer: C. 36
33. If Mean = 60, Mode = 54, and SD = 6, find Karl Pearson’s coefficient of skewness.
A. 0.5
B. 1.0
C. −1.0
D. −0.5
Answer: A. 1.0
(Sk = (60−54)/6 = 1)
34. If Mean < Median < Mode, the distribution is:
A. Symmetrical
B. Positively skewed
C. Negatively skewed
D. Normal
Answer: C. Negatively skewed
35. The kurtosis value of a normal distribution is:
A. 1
B. 2
C. 3
D. 0
Answer: C. 3
36. If the correlation coefficient r = 0.85, the correlation is:
A. Weak positive
B. Strong positive
C. No correlation
D. Negative
Answer: B. Strong positive
37. Calculate the coefficient of correlation if Σxy = 400, Σx² = 500, Σy² = 800.
A. 0.50
B. 0.63
C. 0.71
D. 0.89
Answer: B. 0.63
(r = Σxy / √(Σx² Σy²) = 400 / √(500×800))
38. If r = −0.6, the relationship between variables is:
A. Perfect negative
B. Moderate negative
C. No correlation
D. Strong positive
Answer: B. Moderate negative
39. For n = 5 and Σd² = 10, find Spearman’s rank correlation coefficient.
A. 0.5
B. 0.6
C. 0.7
D. 0.9
Answer: B. 0.6
40. If all ranks are identical, Spearman’s correlation coefficient is:
A. −1
B. 0
C. +1
D. 0.5
Answer: C. +1
41. If regression coefficient bᵧₓ = 0.8 and bₓᵧ = 0.5, find the correlation coefficient.
A. 0.40
B. 0.63
C. 0.80
D. 1.30
Answer: B. 0.63
(r = √(bᵧₓ × bₓᵧ) = √(0.4) ≈ 0.63)
42. If correlation coefficient r = 0, then regression coefficients are:
A. Both zero
B. Both unity
C. Equal
D. Undefined
Answer: A. Both zero
43. The regression line of Y on X is used to:
A. Estimate X from Y
B. Estimate Y from X
C. Find correlation
D. Measure dispersion
Answer: B. Estimate Y from X
44. If Mean = Median = Mode, the distribution is:
A. Positively skewed
B. Negatively skewed
C. Symmetrical
D. Platykurtic
Answer: C. Symmetrical
45. If CV of series A is 15% and series B is 20%, which series is more consistent?
A. Series A
B. Series B
C. Both same
D. Cannot be compared
Answer: A. Series A
UNIT 3: Probability: Introduction, important terms and concepts of probability, various definitions and theorems of probability. Theoretical distribution: Binomial distribution, characteristics of Binomial distribution, Poisson distribution and application, Normal distribution, properties of normal curve: 
1. What is probability?
Ans: Probability is a numerical measure of the likelihood of occurrence of an event, lying between 0 and 1.

2.What is a random experiment?
An experiment whose outcome cannot be predicted with certainty but has well-defined possible outcomes.
3. Define sample space.
The sample space is the set of all possible outcomes of a random experiment.
4. What is an event?
An event is a subset of the sample space.
5. Define classical (theoretical) probability.
If all outcomes are equally likely, then

[image: image15.png]p(E) — umber of favourable outcomes
(B) =~ oo




6. What is empirical (statistical) probability?
It is based on past observations and is given by the ratio of the number of times an event occurs to the total trials.
7. State the axioms of probability.
(i) [image: image17.png]0<P(E)=1




(ii) [image: image19.png]P(S)=1




(iii) For mutually exclusive events, [image: image21.png]P(AU B) = P(A) + P(B)




8. What are mutually exclusive events?
Events that cannot occur simultaneously.

9. Define independent events.
Two events are independent if the occurrence of one does not affect the probability of the other.

10.State the addition theorem of probability.
[image: image22.png]P(AU B) = P(A) + P(B) — P(ANB)




11.State the multiplication theorem of probability.
[image: image23.png]P(AN B) = P(A)P(B | A)




12.What is conditional probability?
The probability of event A given that event B has occurred, denoted as [image: image25.png]P(A | B)



.
13.Define random variable.
A random variable is a function that assigns a numerical value to each outcome of a random experiment.



14. What is the binomial distribution?
A discrete probability distribution representing the number of successes in a fixed number of independent Bernoulli trials.

15.State the probability mass function of Binomial distribution.
[image: image26.png]P(X = x) = (:)p*qﬂ, X =012, ..,m




16.What are the mean and variance of Binomial distribution?
Mean [image: image28.png]=np



, Variance [image: image30.png]=npq




17.List the characteristics of Binomial distribution.
Fixed number of trials, two possible outcomes, constant probability, and independence of trials.

18.What is Poisson distribution?
A discrete distribution used to model the number of events occurring in a fixed interval of time or space.

19.Write the Poisson probability formula.
[image: image31.png]



20.What are the mean and variance of Poisson distribution?
Mean [image: image33.png]


, Variance [image: image35.png]



21.Mention one application of Poisson distribution.
It is used to model the number of accidents, phone calls, or bacterial colonies per unit time.

22.What is Normal distribution?
A continuous probability distribution that is symmetric and bell-shaped.

23.Write the probability density function of Normal distribution.
[image: image36.png]



24.What are the properties of the normal curve?
Symmetrical about the mean, bell-shaped, mean = median = mode, total area under curve = 1.

25.State the empirical rule of Normal distribution.
Approximately 68% data lie within ±1σ, 95% within ±2σ, and 99.7% within ±3σ from the mean.

A. Multiple Choice Questions (MCQs)

Probability – Basics

1. The probability of a sure event is
a) 0
b) 1
c) −1
d) 0.5
Ans: b) 1

2. If [image: image38.png]P(A) = 0.4



, then [image: image40.png]P(A")



is
a) 0.4
b) 0.6
c) 1.4
d) 0
Ans: b) 0.6

3. Two events A and B are mutually exclusive if
a) [image: image42.png]P(A | B) = P(A)




b) [image: image44.png]ANB =0




c) [image: image46.png]P(A) = P(B)




d) [image: image48.png]P(AUB) =1




Ans: b) [image: image50.png]ANB =0




4. The probability of an impossible event is
a) 1
b) −1
c) 0
d) ∞
Ans: c) 0

5. If two events are independent, then
a) [image: image52.png]P(AN B) = P(A) + P(B)




b) [image: image54.png]P(A | B) = P(A)




c) [image: image56.png]P(A) = P(B)




d) [image: image58.png]ANB =0




Ans: b) [image: image60.png]P(A | B) = P(A)




6. Binomial distribution is a
a) Continuous distribution
b) Discrete distribution
c) Uniform distribution
d) Normal distribution
Ans: b) Discrete distribution

7. In a Binomial distribution, the number of trials is
a) Random
b) Infinite
c) Fixed
d) Zero
Ans: c) Fixed

8. Mean of Binomial distribution is
a) [image: image62.png]Pq




b) [image: image64.png]np




c) [image: image66.png]nq




d) [image: image68.png]p/q




Ans: b) [image: image70.png]np




9. Variance of Binomial distribution is
a) [image: image72.png]np




b) [image: image74.png]nq




c) [image: image76.png]npq




d) [image: image78.png]Pq




Ans: c) [image: image80.png]npq




10. Poisson distribution is mainly used for
a) Large probability
b) Rare events
c) Two-outcome experiments
d) Continuous data
Ans: b) Rare events

11. Mean of Poisson distribution is
a) [image: image82.png]



b) [image: image84.png]



c) [image: image86.png]



d) [image: image88.png]np




Ans: c) [image: image90.png]



12. Variance of Poisson distribution is
a) [image: image92.png]A2




b) [image: image94.png]



c) [image: image96.png]npq




d) [image: image98.png]



Ans: b) [image: image100.png]



13. Normal distribution is
a) Skewed
b) Uniform
c) Symmetrical
d) Discrete
Ans: c) Symmetrical

14. In normal distribution
a) Mean ≠ Median
b) Mean = Median = Mode
c) Mean > Mode
d) Median > Mean
Ans: b) Mean = Median = Mode

15. Total area under the normal curve is
a) 0
b) 0.5
c) 1
d) ∞
Ans: c) 1

1. Basic Probability

1. A die is thrown once. Find the probability of getting
(a) an even number
(b) a number greater than 4

Solution:
Sample space = {1,2,3,4,5,6}

(a) Even numbers = {2,4,6}

[image: image101.png]





(b) Numbers > 4 = {5,6}

[image: image102.png]



2. Addition Theorem
2. If [image: image104.png]P(A) = 0.5



, [image: image106.png]P(B) = 0.3



, and [image: image108.png]P(ANB) =0.1



, find [image: image110.png]P(AU B)



.

Solution:
[image: image111.png]P(AU B) = P(A) + P(B) — P(ANB)




[image: image112.png]05+4+03—-0.1=0.7





3. Binomial Distribution
3. A coin is tossed 5 times. Find the probability of getting exactly 3 heads.

Solution:
[image: image113.png]n=>5p




[image: image114.png]pex =3 = (3) 057205y




[image: image115.png]10 5
= 5= =
=10 x (0.5)° = 55 =




4. Mean & Variance (Binomial)

 Find the mean and variance of a Binomial distribution with [image: image117.png]


, [image: image119.png]


.

Solution:
[image: image120.png]Mean = np = 10 X 0.4 = 4




[image: image121.png]Variance = npq = 10 X 0.4 X 0.6 = 2.4




5. The average number of accidents per day is 2. Find the probability of exactly 3 accidents in a day.

Solution:
[image: image122.png]



[image: image123.png]



6. Normal Distribution (Conceptual)

In a normal distribution, what percentage of observations lie within ±1σ of the mean?

Answer:
Approximately 68%
UNIT 4: Sampling and sample designs: Introduction, theoretical basis of sampling, methods of sampling, Non-probability and probability sampling methods, size of sample, merits and limitations of sample.                                                                                                                                 
1. What is sampling?
Sampling is the process of selecting a subset (sample) from a population to draw conclusions about the entire population.

2. What is a population in sampling?
A population refers to the complete set of individuals, items, or observations under study.

3. What is a sample?
A sample is a representative portion of the population selected for analysis.

4. Why is sampling used instead of a census?
Sampling saves time, cost, and effort and is practical when the population is very large.

5. What is sampling design?
Sampling design is the plan or method used to select a sample from the population.

6. What is the theoretical basis of sampling?
Sampling theory is based on probability laws, which ensure that samples can represent populations accurately.

7. What is sampling error?
Sampling error is the difference between the sample result and the true population value.

8. What are the main types of sampling methods?
The two main types are probability sampling and non-probability sampling.

9. What is probability sampling?
Probability sampling is a method where each population unit has a known and equal chance of selection.

10. Give examples of probability sampling methods.
Simple random sampling, stratified sampling, systematic sampling, and cluster sampling.

11. What is simple random sampling?
It is a method where every unit has an equal chance of being selected, usually through random numbers or lottery methods.

12. What is stratified sampling?
The population is divided into homogeneous groups (strata), and samples are drawn from each stratum.

13. What is systematic sampling?
In systematic sampling, every kth unit is selected after a random start.

14. What is cluster sampling?
The population is divided into clusters, and entire clusters are randomly selected.

15. What is non-probability sampling?
Non-probability sampling is a method where the probability of selection is unknown.

16. Give examples of non-probability sampling methods.
Convenience sampling, purposive sampling, quota sampling, and snowball sampling.

17. What is convenience sampling?
Samples are selected based on ease of access and availability.

18. What is purposive sampling?
Samples are selected based on the researcher’s judgment and purpose of the study.

19. What is sample size?
Sample size refers to the number of units selected from the population for the study.

20. What factors determine sample size?
Population size, variability, level of accuracy required, confidence level, and available resources.

21. What is an adequate sample size?
An adequate sample size is one that accurately represents the population with minimal error.

22. Mention one merit of sampling.
Sampling reduces cost and time compared to complete enumeration.

23. Mention one limitation of sampling.
Sampling may lead to biased results if the sample is not representative.

24. What is representativeness in sampling?
Representativeness means the sample accurately reflects the characteristics of the population.

25. When is sampling not suitable?
MCQs: Sampling and Sample Designs

1. Sampling is the process of
A. Studying the whole population
B. Selecting a part of the population
C. Collecting secondary data
D. Measuring variables

2. A population refers to
A. Sample units only
B. Selected respondents
C. Entire group under study
D. Data collected

3. The main purpose of sampling is to
A. Increase workload
B. Reduce accuracy
C. Save time and cost
D. Increase population size

4. A sample should be
A. Large only
B. Small only
C. Representative
D. Convenient

5. Sampling design refers to
A. Data analysis technique
B. Questionnaire preparation
C. Plan for selecting a sample
D. Method of data presentation

6. The theoretical basis of sampling depends mainly on
A. Statistics and probability
B. Economics
C. Psychology
D. Philosophy

7. Sampling error is the difference between
A. Sample size and population size
B. Sample result and population parameter
C. Two samples
D. Two populations

8. Which of the following is a probability sampling method?
A. Convenience sampling
B. Purposive sampling
C. Simple random sampling
D. Quota sampling

9. In probability sampling, each unit has
A. Zero chance of selection
B. Equal and known chance of selection
C. Unequal chance of selection
D. Unknown chance of selection

10. Simple random sampling ensures
A. Bias
B. Subjective selection
C. Equal chance for all units
D. Convenience

11. Stratified sampling is useful when the population is
A. Homogeneous
B. Very small
C. Heterogeneous
D. Scattered randomly

12. In stratified sampling, the population is divided into
A. Clusters
B. Strata
C. Samples
D. Units

13. Systematic sampling selects units
A. Randomly without order
B. Based on judgment
C. At regular intervals
D. From clusters

14. Cluster sampling involves dividing the population into
A. Strata
B. Groups or clusters
C. Samples
D. Variables

15. Which sampling method is suitable for large geographically spread populations?
A. Simple random sampling
B. Stratified sampling
C. Cluster sampling
D. Convenience sampling

16. Non-probability sampling means
A. Random selection
B. Equal chance of selection
C. Unknown probability of selection
D. Use of random numbers

17. Convenience sampling selects samples based on
A. Randomization
B. Availability and ease
C. Probability rules
D. Statistical formulas

18. Purposive sampling depends on
A. Lottery method
B. Random number table
C. Researcher’s judgment
D. Systematic order

19. Quota sampling is similar to
A. Simple random sampling
B. Stratified sampling
C. Systematic sampling
D. Cluster sampling

20. Snowball sampling is mainly used when
A. Population is easily available
B. Population is hidden or rare
C. Population is homogeneous
D. Population is small

21. Sample size refers to
A. Total population
B. Number of variables
C. Number of observations selected
D. Sampling technique

22. Which factor does NOT affect sample size?
A. Population variability
B. Level of accuracy
C. Researcher’s mood
D. Confidence level

23. One major merit of sampling is
A. Higher cost
B. Time consuming
C. Economy and efficiency
D. Complete accuracy

24. One limitation of sampling is
A. Sampling error
B. Complete reliability
C. No bias
D. Total enumeration

25. Sampling is NOT suitable when
A. Population is very large
B. Resources are limited
C. Population is very small
D. Time is limited

Answer Key

1. B

2. C

3. C

4. C

5. C

6. A

7. B

8. C

9. B

10. C

11. C

12. B

13. C

14. B

15. C

16. C

17. B

18. C

19. B

20. B

21. C

22. C

23. C

24. A

25. C

MCQs Sampling and Sample Designs

1. Sampling is the process of

A. Studying the whole population
B. Selecting a part of the population
C. Collecting secondary data
D. Measuring variables

Answer: B
Explanation: Sampling involves choosing a subset of the population to represent the entire group.

2. A population refers to

A. Sample units only
B. Selected respondents
C. Entire group under study
D. Data collected

Answer: C
Explanation: Population includes all individuals or items relevant to the study.

3. The main purpose of sampling is to

A. Increase workload
B. Reduce accuracy
C. Save time and cost
D. Increase population size

Answer: C
Explanation: Sampling is economical and less time-consuming than studying the entire population.

4. A good sample should be

A. Large only
B. Small only
C. Representative
D. Convenient

Answer: C
Explanation: Representativeness ensures the sample reflects population characteristics.

5. Sampling design refers to

A. Data analysis technique
B. Questionnaire preparation
C. Plan for selecting a sample
D. Method of data presentation

Answer: C
Explanation: Sampling design defines how samples are selected from the population.

6. The theoretical basis of sampling is based on

A. Economics
B. Probability theory
C. Sociology
D. Ethics

Answer: B
Explanation: Sampling theory relies on probability laws to ensure unbiased representation.

7. Sampling error is the difference between

A. Sample size and population size
B. Sample result and population parameter
C. Two samples
D. Two populations

Answer: B
Explanation: Sampling error arises because a sample may not exactly reflect the population.

8. Which of the following is a probability sampling method?

A. Convenience sampling
B. Purposive sampling
C. Simple random sampling
D. Quota sampling

Answer: C
Explanation: In simple random sampling, every unit has a known chance of selection.

9. In probability sampling, each unit has

A. Unknown chance of selection
B. Equal and known chance of selection
C. Unequal chance of selection
D. Zero chance of selection

Answer: B
Explanation: Probability sampling ensures fairness and minimizes bias.

10. Simple random sampling ensures

A. Researcher bias
B. Subjective selection
C. Equal opportunity to all units
D. Convenience

Answer: C
Explanation: Every unit has the same probability of being selected.

11. Stratified sampling is most suitable when the population is

A. Homogeneous
B. Very small
C. Heterogeneous
D. Scattered randomly

Answer: C
Explanation: Stratification ensures proper representation of diverse subgroups.

12. In stratified sampling, population is divided into

A. Clusters
B. Strata
C. Samples
D. Units

Answer: B
Explanation: Each stratum is internally homogeneous.

13. Systematic sampling involves selecting units

A. Randomly without order
B. At regular intervals
C. Based on judgment
D. From clusters

Answer: B
Explanation: Every kth unit is selected after a random start.

14. Cluster sampling means selecting

A. Individual units
B. Every kth unit
C. Entire groups or clusters
D. Only experts

Answer: C
Explanation: Entire clusters are chosen instead of individual elements.

15. Cluster sampling is useful when

A. Population is small
B. Population is geographically dispersed
C. Population is homogeneous
D. Accuracy is extremely high

Answer: B
Explanation: It reduces cost and travel effort.

16. Non-probability sampling means

A. Random selection
B. Equal chance of selection
C. Unknown probability of selection
D. Use of probability theory

Answer: C
Explanation: Selection is not based on randomization.

17. Convenience sampling selects samples based on

A. Statistical rules
B. Availability and ease
C. Random numbers
D. Stratification

Answer: B
Explanation: Samples are chosen because they are easy to access.

18. Purposive sampling depends mainly on

A. Lottery method
B. Random number table
C. Researcher’s judgment
D. Systematic order

Answer: C
Explanation: The researcher selects samples based on study objectives.

19. Quota sampling is similar to

A. Simple random sampling
B. Stratified sampling
C. Cluster sampling
D. Systematic sampling

Answer: B
Explanation: Both involve dividing the population into subgroups.

20. Snowball sampling is best suited for

A. Common populations
B. Hidden or rare populations
C. Homogeneous populations
D. Small samples only

Answer: B
Explanation: Existing participants help recruit new ones.

21. Sample size refers to

A. Population size
B. Number of variables
C. Number of observations selected
D. Sampling method

Answer: C
Explanation: It indicates how many units are included in the study.

22. Which factor does NOT affect sample size?

A. Population variability
B. Desired accuracy
C. Researcher’s personal preference
D. Confidence level

Answer: C
Explanation: Sample size should be determined scientifically, not personally.

23. One major merit of sampling is

A. Higher accuracy always
B. Lower reliability
C. Economy of resources
D. Complete enumeration

Answer: C
Explanation: Sampling reduces cost, time, and effort.

24. One major limitation of sampling is

A. Sampling bias
B. Economy
C. Time saving
D. Convenience

Answer: A
Explanation: Improper sampling may lead to biased results.

25. Sampling is not suitable when

A. Population is large
B. Resources are limited
C. Population is very small
D. Time is limited

Answer: C
Explanation: For small populations, complete enumeration is preferred.

UNIT:5 Tests of hypotheses: Introduction, procedure of testing hypotheses, two-tailed and one-tailed tests of hypotheses. Tests of significance: Chi-square and goodness-of-fit, Student’s t-test. Analysis of variance: Technique of analysis of variance (ANOVA), two-way classifications model: Please prepare the FAQs and short questions with answers of 25 each

1. What is a statistical hypothesis?
A statistical hypothesis is a statement about a population parameter that is tested using sample data.

2. What is a null hypothesis (H₀)?
It is a hypothesis stating no effect, no difference, or status quo.

3. What is an alternative hypothesis (H₁ or Hₐ)?
It is a hypothesis that contradicts the null hypothesis and indicates the presence of an effect.

4. What is hypothesis testing?
It is a statistical procedure used to decide whether to accept or reject a hypothesis.

5. What are the main steps in hypothesis testing?
Formulation, selection of test, level of significance, test statistic, decision rule, and conclusion.

6. What is level of significance (α)?
It is the probability of rejecting a true null hypothesis.

7. What are common values of α?
0.05 and 0.01.

8. What is a test statistic?
A value calculated from sample data to test a hypothesis.

9. What is a critical region?
The set of values for which the null hypothesis is rejected.

10. What is a two-tailed test?
A test where the alternative hypothesis considers deviations on both sides.

11. What is a one-tailed test?
A test where deviation is considered only in one direction.

12. When is a two-tailed test used?
When no specific direction of difference is stated.

13. What is a test of significance?
It measures whether an observed result is due to chance or not.

14. What is the chi-square test?
A non-parametric test used to study association or goodness-of-fit.

15. What is goodness-of-fit?
It checks how well observed data fits a theoretical distribution.

16. What is the formula for chi-square statistic?
χ² = Σ (O − E)² / E

17. What is Student’s t-test?
A parametric test used for small samples to compare means.

18. When is t-test used?
When population variance is unknown and sample size is small.

19. What are the types of t-tests?
One-sample, two-sample, and paired t-test.

20. What is Analysis of Variance (ANOVA)?
A technique used to compare more than two means simultaneously.

21. Why ANOVA is preferred over multiple t-tests?
It reduces the risk of Type-I error.

22. What is variance?
A measure of dispersion around the mean.

23. What is F-test?
A test used in ANOVA to compare variances.

24. What is two-way ANOVA?
ANOVA involving two independent factors.

25. What is interaction effect in two-way ANOVA?
The combined effect of two factors on the response variable.
B. Short Questions with Answers 
26. Define null hypothesis.
A hypothesis assuming no significant difference or effect.

27. Define alternative hypothesis.
A hypothesis that suggests a significant difference exists.

28. What is sampling error?
Error due to observing a sample instead of the whole population.

29. What is Type-I error?
Rejecting a true null hypothesis.

30. What is Type-II error?
Accepting a false null hypothesis.

31. What does α represent?
Level of significance.

32. State the decision rule in hypothesis testing.
Reject H₀ if test statistic falls in critical region.

33. Define one-tailed test.
A test considering deviation in one direction only.

34. Define two-tailed test.
A test considering deviation in both directions.

35. What is degrees of freedom?
Number of independent observations.

36. What is chi-square distribution?
A positively skewed distribution used in categorical data analysis.

37. Mention one use of chi-square test.
Testing independence of attributes.

38. What is expected frequency?
Theoretical frequency under null hypothesis.

39. Write chi-square formula.
χ² = Σ (O − E)² / E

40. Define Student’s t-distribution.
A symmetrical distribution used for small samples.

41. When is t-distribution used?
When σ is unknown and n < 30.

42. What is a paired t-test?
A test comparing means of related samples.

43. Define ANOVA.
A technique for comparing several population means.

44. What does ANOVA test?
Equality of means.

45. What is total variation?
Overall variation in the data.

46. What is between-group variation?
Variation due to differences among group means.

47. What is within-group variation?
Variation within individual groups.

48. What is F-ratio?
Ratio of between-group variance to within-group variance.

49. What is two-way classification?
Classification based on two factors.

50. State one assumption of ANOVA.
Samples are randomly selected.

Multiple Choice Questions (MCQs)

51. A statistical hypothesis is a statement about
a) Sample mean
b) Population parameter
c) Sample size
d) Frequency distribution
Ans: b

52. The null hypothesis is usually denoted by
a) H₁
b) Hₐ
c) H₀
d) H
Ans: c

53. The alternative hypothesis represents
a) Status quo
b) No effect
c) Research claim
d) Sampling error
Ans: c

54. The level of significance is the probability of
a) Accepting a true H₀
b) Rejecting a false H₀
c) Rejecting a true H₀
d) Accepting a false H₀
Ans: c

55. Commonly used level of significance is
a) 0.50
b) 0.10
c) 0.05
d) 0.25
Ans: c

56. A test statistic is
a) A population value
b) A random variable
c) A fixed constant
d) A parameter
Ans: b

57. A critical region is the region
a) Where H₀ is accepted
b) Of maximum probability
c) Where H₀ is rejected
d) Of sampling error
Ans: c

58. A two-tailed test is used when
a) Direction is known
b) Direction is unknown
c) Variance is unknown
d) Sample is large
Ans: b

59. A one-tailed test considers deviation
a) On both sides
b) Only in one direction
c) In the center
d) At mean
Ans: b

60. Type-I error occurs when
a) True H₀ is accepted
b) False H₀ is accepted
c) True H₀ is rejected
d) False H₀ is rejected
Ans: c

61. Chi-square test is a
a) Parametric test
b) Non-parametric test
c) Bayesian test
d) Correlation test
Ans: b

62. Chi-square test is mainly used for
a) Mean comparison
b) Variance analysis
c) Categorical data
d) Regression analysis
Ans: c

63. The chi-square statistic is given by
a) Σ(O − E)
b) Σ(O − E)²
c) Σ(O − E)² / E
d) ΣO / E
Ans: c

64. Goodness-of-fit test checks
a) Mean difference
b) Association
c) Distribution fit
d) Variance equality
Ans: c

65. Degrees of freedom in chi-square test is
a) n
b) n − 1
c) (r − 1)(c − 1)
d) r + c
Ans: c

66. Expected frequency should generally be
a) Less than 1
b) Equal to 0
c) Greater than 5
d) Negative
Ans: c

67. Chi-square distribution is
a) Symmetrical
b) Negatively skewed
c) Positively skewed
d) Uniform
Ans: c

68. Chi-square test of independence studies
a) Mean equality
b) Variance equality
c) Relationship between attributes
d) Normality
Ans: c

69. Student’s t-test is used when sample size is
a) Very large
b) Infinite
c) Small
d) Zero
Ans: c

70. t-test is applicable when population variance is
a) Known
b) Unknown
c) Zero
d) Constant
Ans: b

71. t-distribution is
a) Positively skewed
b) Negatively skewed
c) Uniform
d) Symmetrical
Ans: d

72. A paired t-test is used for
a) Independent samples
b) Large samples
c) Related samples
d) Unequal variances
Ans: c

73. Degrees of freedom for one-sample t-test is
a) n
b) n − 1
c) n − 2
d) n + 1
Ans: b

74. ANOVA is used to compare
a) Two means
b) Two variances
c) More than two means
d) Two proportions
Ans: c

75. ANOVA stands for
a) Analysis of Variables
b) Analysis of Variance
c) Analysis of Values
d) Analysis of Variation
Ans: b

76. The test statistic used in ANOVA is
a) t
b) χ²
c) z
d) F
Ans: d

77. F-ratio is the ratio of
a) Total variance to sample variance
b) Sample variance to population variance
c) Between-group variance to within-group variance
d) Error variance to total variance
Ans: c

78. Two-way ANOVA involves
a) One factor
b) Two factors
c) Three samples
d) Two samples
Ans: b

79. Interaction effect refers to
a) Effect of one factor only
b) Combined effect of factors
c) Sampling error
d) Random variation
Ans: b

80. One major assumption of ANOVA is
a) Non-normal data
b) Unequal variances
c) Random sampling
d) Categorical variables only
Ans: c

Q1. A sample of 20 students has a mean score of 65. The population mean is 70. Test at 5% significance level whether the sample mean is significantly different from population mean (assume σ unknown).

Ans:
Use t-test:

[image: image124.png]



Assuming sample SD = 10:
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df = n − 1 = 19, t₀.₀₅(two-tailed) ≈ ±2.093
Since −2.236 < −2.093 → Reject H₀ → Significant difference exists.

Q2. In a one-tailed test at 5% level, the calculated t = 1.8 and t-critical = 1.729. Should H₀ be rejected?

Ans:
t > t-critical → Reject H₀ → There is significant evidence in the specified direction.

Q3. State Type-I and Type-II errors in the above test.

Ans:
a) Type-I error: Rejecting H₀ when μ = 70 is true.

b) Type-II error: Failing to reject H₀ when μ ≠ 70.

Q4. Observed frequencies of blood groups in 100 people: A = 25, B = 35, AB = 20, O = 20. Test if data fits population proportions: A=0.25, B=0.25, AB=0.25, O=0.25.

Ans:
Expected: E = 100 × 0.25 = 25 each
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df = 4 − 1 = 3, χ²₀.₀₅ ≈ 7.815
Since 6 < 7.815 → H₀ accepted → Data fits.

Q5. A die is rolled 60 times; frequencies: 1=8, 2=12, 3=9, 4=11, 5=10, 6=10. Test fairness of die at 5% level.

Ans: Expected = 60/6 = 10 each
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df = 6−1=5, χ²₀.₀₅ = 11.07
Since 1 < 11.07 → Accept H₀ → Die is fair.

Q6. Two samples:
Group A (n=5): 8, 10, 9, 7, 9
Group B (n=5): 6, 5, 7, 6, 5
Test if means differ at 5% significance.

Ans: [image: image130.png]




s²A = 1.3, s²B = 0.7
Pooled SD = √[(4×1.3 + 4×0.7)/8] = √(8/8) = 1
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df = 8, t₀.₀₅(two-tailed) ≈ 2.306 → Reject H₀ → Means differ significantly.

Q7. Paired t-test example: Before & after treatment BP readings: 130, 135, 125; 120, 128, 122.

Ans: Differences D = 10, 7, 3 → mean D = 6.67, sD² = 12.33 → sD = 3.51
t = 6.67 / (3.51/√3) = 6.67 / 2.03 ≈ 3.29
df=2, t₀.₀₅(two-tailed)=4.303 → t < t-critical → Not significant at 5%

Q8. Three groups:
A: 12, 14, 15
B: 10, 11, 13
C: 8, 9, 7

Test equality of means (ANOVA).

Ans: Step 1: Group means: A=13.67, B=11.33, C=8 → Grand mean = 11
Step 2: SSB = 3[(13.67−11)² + (11.33−11)² + (8−11)²] = 3[7.11 + 0.11 + 9] = 48.66
SSW = Σ(x−group mean)² = A:4.67, B:4.67, C:4 → SSW=13.34
dfb=2, dfw=6
MSB=24.33, MSW=2.223 → F=24.33/2.223≈10.95
F₀.₀₅(2,6)=5.14 → F>F₀.₀₅ → Reject H₀ → Means differ significantly.

Q9. In a two-way ANOVA, main effect of factor A = 12, factor B = 8, interaction = 2. What is the conclusion?

Ans: Main effects are significant if MS > F-critical. Here factor A has largest effect, factor B moderate, interaction small → Factor A is most significant.

Q10. ANOVA assumptions?

Ans:
a) Random sampling

b) Normal distribution of errors

c) Homogeneity of variance

d) Independent observations

Q1. A sample of 25 students has a mean score of 72. Population mean μ = 70, population SD σ = 8. Test at 5% significance level if the sample mean is significantly greater than the population mean.

Ans: One-tailed z-test:
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z₀.₀₅(one-tailed)=1.645 → 1.25<1.645 → H₀ not rejected → Not significant.

Q2. A two-tailed test with α = 0.05 gives t = −2.5, df = 15. Critical t = ±2.131. Should H₀ be rejected?

Ans: t < −2.131 → Reject H₀ → Significant difference exists.

Q3. Explain Type-I and Type-II errors in hypothesis testing.

Ans:
a) Type-I: Rejecting true H₀

b) Type-II: Accepting false H₀

Q4. A sample of size n=16 has mean 24. Population mean = 20, sample SD = 5. Test H₀: μ=20 vs H₁: μ≠20 at 5% significance.

Ans: t = (24−20)/(5/√16) = 4/(1.25)=3.2
df = 15, t₀.₀₅(two-tailed)=2.131 → 3.2>2.131 → Reject H₀ → Significant.

Q5. In one-tailed test, z = 1.96, α = 0.05. Decision?

Ans: z₀.₀₅(one-tailed) = 1.645 → z > z-critical → Reject H₀ → Significant.

Q6. Observed vs expected frequencies: O = [30, 25, 20, 25], E = [25, 25, 25, 25]. Test goodness-of-fit.

Ans: χ² = Σ(O−E)²/E = (5²/25 + 0 + 25/25 + 0) = 1 +0 +1 +0=2
df=3, χ²₀.₀₅=7.815 → Accept H₀ → Fits well.

Q7. A coin is tossed 100 times: 60 heads, 40 tails. Test fairness at 5% level.

Ans: Expected: 50,50
χ²=(60−50)²/50+(40−50)²/50=100/50+100/50=2+2=4
df=1, χ²₀.₀₅=3.841 → 4>3.841 → Reject H₀ → Not fair.

Q8. Dice rolled 120 times, observed: 1=15,2=18,3=20,4=22,5=23,6=22. Test fairness.

Ans: Expected=20 each, χ² = Σ(O−E)²/E = (25+4+0+4+9+4)/20 = 46/20=2.3
df=5, χ²₀.₀₅=11.07 → Accept H₀ → Fair die.

Q9. Test independence: Row totals 50, 60; Column totals 40,70; Grand total=110. Observed frequency=20 (cell). Calculate expected frequency.

Ans: E = (Row total × Column total)/Grand total = 50×40/110 ≈ 18.18

Q10. Observed blood groups: A=28, B=32, AB=18, O=22; expected 25 each. χ²?

Ans: χ²=(3²/25)+(7²/25)+(−7²/25) +(−3²/25)=0.36+1.96+1.96+0.36=4.64
df=3, χ²₀.₀₅=7.815 → Accept H₀ → Fits well.

Q11. Sample of 9: 10,12,11,13,14,12,15,11,12; μ=12. Test at 5% significance.
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, s²=2.305 → s≈1.518
t=(12.44−12)/(1.518/√9)=0.44/(0.506)=0.87
df=8, t₀.₀₅=2.306 → H₀ not rejected.

Q12. Two independent samples: A: 8,9,7,6; B: 10,11,12,9. Test for difference in means.

Ans: [image: image136.png]


, s²A=1.667, s²B=2.916
Pooled s²= (3×1.667 +3×2.916)/6=2.292 → s≈1.514
t=(10.5−7.5)/(1.514√(1/4+1/4))=3/0.955≈3.14
df=6, t₀.₀₅(two-tailed)=2.447 → Reject H₀ → Significant.

Q13. Paired t-test: Before=120,125,130; After=118,124,129.

Ans: D=2,1,1 → mean=1.33, sD²≈0.333, sD≈0.577
t=1.33/(0.577/√3)=1.33/0.333≈3.99, df=2, t₀.₀₅(two-tailed)=4.303 → Not significant.

Q14. Sample size n=16, mean=52, population mean=50, SD=4. Test at 5%.

Ans: t=(52−50)/(4/√16)=2/(1)=2, df=15, t₀.₀₅=2.131 → Not significant (t<t-critical).

Q15. Two samples: A: 20,22,19; B: 18,21,17; Test equality of means.
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, pooled s² ≈4.33 → s≈2.08
t=(20.33−18.67)/(2.08√(1/3+1/3))=1.66/1.7≈0.98 < t-critical=2.776 → Not significant.

Q16. Three groups:
A: 5,6,7; B: 8,7,6; C: 9,10,11. Test equality of means.

Ans: Means: A=6, B=7, C=10 → Grand=7.67
SSB=3[(6−7.67)²+(7−7.67)²+(10−7.67)²]=3[2.78+0.44+5.44]=25.86
SSW=Σ(x−group mean)² =6
dfb=2, dfw=6 → MSB=12.93, MSW=1 → F=12.93 → F₀.₀₅(2,6)=5.14 → Reject H₀ → Means differ.

Q17. ANOVA: A: 12,14; B:10,11; C:8,7. F-ratio?

Ans: Means A=13,B=10.5,C=7.5, Grand=10.33
SSB=2[(13−10.33)²+(10.5−10.33)²+(7.5−10.33)²]=2[7.11+0.03+7.99]=30.26
SSW=(12−13)²+(14−13)²+(10−10.5)²+(11−10.5)²+(8−7.5)²+(7−7.5)²=1+1+0.25+0.25+0.25+0.25=3
dfb=2, dfw=3 → MSB=15.13, MSW=1 → F≈15.13 → Significant.

Q18. Two-way ANOVA: Factors A (2 levels), B (2 levels), Observations:
| | B1 | B2 |
|A1| 5,6 | 7,8 |
|A2| 6,7 | 8,9 |
Identify interaction.

Ans: Means: A1B1=5.5, A1B2=7.5, A2B1=6.5, A2B2=8.5
Interaction = deviation from additive effect → small (1 unit) → Weak interaction.

Q19. In ANOVA, total variance = 50, SSW=30. SSB?

Ans: SST = SSB + SSW → SSB = 50 − 30 = 20

Q20. F-ratio = 10, F-critical = 5. Decision?

Ans: F>F-critical → Reject H₀ → Means are significantly different.

Q21. Group means: 10,12,14, sample size=3 each, variance=2 each. ANOVA significant?

Ans: SSB=3[(10−12)²+(12−12)²+(14−12)²]=3[4+0+4]=24
SSW= (2×2+2×2+2×2)=12
MSB=24/2=12, MSW=12/6=2
F=12/2=6 → dfb=2, dfw=6 → F₀.₀₅=5.14 → Significant.

Q22. Three-sample t-test vs ANOVA?

Ans: t-test compares 2 means, ANOVA compares >2 means simultaneously.

Q23. One-way ANOVA vs Two-way ANOVA?

Ans: a)One-way: Single factor

a) Two-way: Two factors + interaction

Q24. Observed vs expected frequency table: Use chi-square to calculate χ².

Ans: χ²=Σ(O−E)²/E → Compare with χ²-critical to accept/reject H₀.

Q25. Sample of 10, mean=22, SD=5, population μ=20. One-tailed test at 5%.

Ans: t=(22−20)/(5/√10)=2/1.581≈1.265, df=9, t₀.₀₅=1.833 → Not significant.

Q26. t-test for paired samples: Differences = [3,−1,2,4]. df=3. Test significance.

Ans: Mean D=2, sD²=3 → sD=1.732
t=2/(1.732/√4)=2/0.866≈2.31, t₀.₀₅(two-tailed)=3.182 → Not significant.

Q27. Chi-square with 3 categories: O=[12,18,20], E=[15,15,20]. χ²?

Ans:
χ²=(−3)²/15 + 3²/15 +0=0.6+0.6+0=1.2 → df=2, χ²₀.₀₅=5.991 → Accept H₀.

Q28. ANOVA: Group A:8,10,12; B:6,7,9; C:5,6,7. F-test?

Ans: Means: A=10,B=7.33,C=6 → Grand=7.78
SSB=3[(10−7.78)²+(7.33−7.78)²+(6−7.78)²]=3[4.94+0.2+3.16]=24.9
SSW=Σ(x−group mean)²=4+2.66+2=8.66
MSB=24.9/2=12.45, MSW=8.66/6=1.44 → F≈8.65 → Significant.

Q29. Degrees of freedom in ANOVA: 4 groups, n=5 each.

Ans: dfb=k−1=4−1=3, dfw=N−k=20−4=16

Q30. ANOVA assumptions?

Ans:
a) Random samples

b) Normal distribution

c) Homogeneity of variance

d) Independent observations
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