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STATISTICS
(POST RELATED)
Subject Code: 981

Total Marks-100

Part-1
Marks - 50

1.  Introduction to Statistics: Definition and scope, Scope of Statistics, Classification,
Variables.

Presentation of Data: Charts or Diagrams, Types of diagrams.

Grouping Data: Frequency Distribution, General rules for forming frequency, Graphical
presentation of frequency distribution, Relative frequency distribution.

4. Measures of Central Tendency: The Arithmetic mean, the Median, The Mode, The
Geometric Mean. The Harmonic Mean, Finding Measures of Central tendency from
Grouped data, Graphical determination of Measures of Central tendency, Comparative
discussion on measures of central tendency.

5. Measures of Dispersion: Dispersion or variation, Measures of dispersion from grouped
data, Interpretation of Standard deviation, Chebyshev rule, Normal rule, Relative
dispersion: Co-efficient of Variation.

6.  Skewness and Kurtosis: Skewness, Kurtosis, Skewness and kurtosis from graphical
displays, Descriptive measures of skewness and kurtosis.

7.  Regression and correlation: Simple regression and correlation. Least squares estimates
of simple linear regression, regression coefficient and correlation coefficient. Rank
correlation, correlation ratio and partial correlation. Multiple regression and multiple
correlation coefficient. Coefficient of determination.

8. Demography: Crude birth and death rates, Fertility rate, Age specific and total fertility
rates, Population growth in Bangladesh, Migration, Nuptiality.
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9.  Index Number: Definition, Properties of index numbers, Significance of index numbers,
Classification of index numbers, Simple Index Number, Un weighted indices, Simple
average of price index, Simple Aggregate Index, Weighted Indices, Laspeyres index,
Paasche method, Fisher's Ideal Index, Weighted average of relatives.

10. Time Series Analysis: Components of a time series. Measurement of secular trend,
seasonal variations, cyclical variations and measurement of irregular variations.

11. Sampling: Statistical population and sample. Advantages and disadvantages of sampling
over census. Sample design. Probability and non-probability sampling. Simple random
sampling, stratified random sampling and systematic sampling. Cluster sampling,
sampling error and non-sampling error. Determination of sample size.

STATISTICS
Part-11
Marks - 50

1. Concept of probability: Basic Definitions, Approaches of Defining probability, Basic
properties of probabilities, Notation and Graphical displays for events.

2. Rules of Probability: Special Addition rule, The complementation Rule, General Addition
rule, Bivariate data and Contingency table. Joint and marginal probabilities, Multiplication
rules, Conditional probabilities, Concept of Bayes' Theorem.

3. Random Variables and probability Distributions : Random variable, Discrete Probability
Distribution, Binomial Probability, Hypergeometric distribution, Poisson distribution, Normal
distribution.

4. Sampling Distribution: Sampling distribution of the sample mean for a normally distributed
variable, The Central Limit Theorem (CLT), Sampling Distribution of the Sample Mean,
Sampling distribution of the sample proportion, Sampling distribution of function of mean and
proportion. Confidence interval, Confidence interval of Population mean. Depermination of
Sample size, Sampling for estimating mean, Sampling for estimating proportion.

5. Basic Concepts of Hypothesis Testing : Null and Alternative hypothesis, simple and
composite hypotheses, Test statistic, acceptance and rejection regions, type I and type Il errors,
the significance level, one tailed and two tailed tests, general procedure for test of hypothesis.
Tests based on normal, student's t, F, and X? distribution. The Z- test for two population means.
The pooled t-test for two population means. The paired t-test for two population means.

6. Analysis of Variance : Concept of analysis of variance, treatment, response, extraneous
variables, One-Way Anova Model, Estimate of The Model Parameters, Hypothesis Testing In
Anova. Two-Way Anova, significance of Correlation and rank correlation coefficients.
Multiple comparison test. Two-way analysis of variance with and without interaction.

7. Experimental Designs: Basic principles of Experimental Design. Randomization,
Replication and Local control. The completely Randomized Design (CRD), Randomized
Complete Block Design (RCBD) and Latin square Design.
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STATISTICS
(POST RELATED)
Subject Code: 981

Total Marks-100

Part-1
Marks - 50

1. Introduction to Statistics: Definition and scope, Scope of Statistics, Classification,
Variables.
2. Presentation of Data: Charts or Diagrams, Types of diagrams.

3. Grouping Data: Frequency Distribution, General rules for forming frequency, Graphical
presentation of frequency distribution, Relative frequency distribution.

1) Introduction to Statistics
Definition & characteristics and limitation (% %)
Scope of Statistics (applications) (%)
Classification of data (qualitative/quantitative; primary/secondary) (%)
Variables (types, scales of measurement) (J % %)

2) Presentation of Data
Charts/Diagrams (histogram, polygon, ogive, bar, pie, scatter) (¥ %)
Types of diagrams & when to use them (%)

3) Grouping Data
Frequency distribution & class design (bounds, width) (J %)
General rules for forming frequency (Sturges, practical rules) (%)
Graphical presentation of frequency distribution (histogram/ogive) (%)

Relative frequency distribution (%)

4. Measures of Central Tendency: The Arithmetic mean, the Median, The Mode, The
Geometric Mean. The Harmonic Mean, Finding Measures of Central tendency from
Grouped data, Graphical determination of Measures of Central tendency, Comparative
discussion on measures of central tendency.

Arithmetic Mean (ungrouped & grouped) (¥ %)
Median (location, interpolation) (J %)

Mode (grouped data, modal class) (%)
Geometric Mean (J% %)

Harmonic Mean (%% %)

From grouped data (all three) (J %)
Relationship among them (% %)
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Graphical determination (median/mode via ogives, histogram) (%)

Comparative discussion (when to use which) (F k%)

5. Measures of Dispersion: Dispersion or variation, Measures of dispersion from grouped
data, Interpretation of Standard deviation, Chebyshev rule, Normal rule, Relative
dispersion: Co-efficient of Variation.

6. Skewness and Kurtosis: Skewness, Kurtosis, Skewness and kurtosis from graphical
displays, Descriptive measures of skewness and kurtosis.

7. Regression and correlation: Simple regression and correlation. Least squares estimates
of simple linear regression, regression coefficient and correlation coefficient. Rank
correlation, correlation ratio and partial correlation. Multiple regression and multiple
correlation coefficient. Coefficient of determination.

8. Demography: Crude birth and death rates, Fertility rate, Age specific and total fertility
rates, Population growth in Bangladesh, Migration, Nuptiality.
5) Measures of Dispersion
Concept of dispersion/variation (%)
Measures from grouped data (range, IQR, variance, SD) (k% %)
Interpretation of Standard Deviation (coefficients, units) (J %)
Chebyshev’s rule (¥ %)
Normal rule (empirical 68-95-99.7%) (%)
Relative dispersion: Coefficient of Variation (J %)
6) Skewness & Kurtosis
Skewness (Pearson/Bowley) (3k%)
Kurtosis (B2, excess kurtosis) (%)
From graphical displays (shape reading) (J %)
Descriptive measures (formulas & interpretation) (% %)
7) Regression & Correlation
Simple regression & correlation (concept + uses) (k%)
Least squares estimates in simple linear regression (slope/intercept) (J% %)
Regression coefficient & correlation coefficient (r, bxy, byx, relation) (J% %)
Rank correlation (Spearman) (¥ %)
Correlation ratio (1) (J%)
Partial correlation (% %)
Multiple regression (setup, interpretation) (J %)
Multiple correlation coefficient (R) (J %)
Coefficient of determination (R?) (%% %)
8) Demography
Crude birth & death rates (%)
Fertility rate (general/total) (J %)
Age-specific & total fertility rates (J k)
GRR, NRR (H k%)
Interpretation of those rates (k% %)
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Population growth in Bangladesh (trends/indicators) (¥ %)
Migration (%)
Nuptiality (%)

9.  Index Number: Definition, Properties of index numbers, Significance of index numbers,
Classification of index numbers, Simple Index Number, Un weighted indices, Simple
average of price index, Simple Aggregate Index, Weighted Indices, Laspeyres index,
Paasche method, Fisher's Ideal Index, Weighted average of relatives.

10. Time Series Analysis: Components of a time series. Measurement of secular trend,
seasonal variations, cyclical variations and measurement of irregular variations.

11. Sampling: Statistical population and sample. Advantages and disadvantages of sampling
over census. Sample design. Probability and non-probability sampling. Simple random
sampling, stratified random sampling and systematic sampling. Cluster sampling,
sampling error and non-sampling error. Determination of sample size.

9) Index Numbers

Definition (%)

Properties (time reversal, factor reversal) (%)
Significance/uses (%)

Classification (price, quantity, value; simple/weighted) (J %)
Simple Index Number (unweighted) (%)

Unweighted indices—simple average of price relatives (%)
Simple Aggregate Index (%)

Weighted Indices (general approach) (¥ %)

Laspeyres Index (%)

Paasche Index (¥ %)

Fisher’s Ideal Index (tests, superiority) (J % %)

CPI, CPI interpretation(J % %)

Weighted average of relatives (%)

10) Time Series Analysis

Components (trend, seasonal, cyclical, irregular) (J% %)
Measurement of secular trend (moving average, least squares) (k% %)
Measurement of seasonal variation (ratio-to-moving-avg, link relatives) (J % %)
Cyclical variations (identification, limitations) (J %)
Irregular variations (%)

11) Sampling

Statistical population & sample (¥ %)

Sampling vs census: advantages & disadvantages (¥ %)
Sample design (steps, frames) (%)

Probability & non-probability sampling (% %)

Simple random sampling (methods, estimators) (3% %)
Stratified random sampling (allocation rules) (k% %)

Systematic sampling (interval, start, issues) (J %)
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Cluster sampling (when/why; intra-cluster correlation) (J %)
Sampling & non-sampling error (¥ %)
Determination of sample size (for mean/proportion, precision) (J % %)

STATISTICS
Part-11
Marks - 50

1. Concept of probability: Basic Definitions, Approaches of Defining probability, Basic
properties of probabilities, Notation and Graphical displays for events.
2. Rules of Probability: Special Addition rule, The complementation Rule, General Addition
rule, Bivariate data and Contingency table. Joint and marginal probabilities, Multiplication
rules, Conditional probabilities, Concept of Bayes' Theorem.
3. Random Variables and probability Distributions : Random variable, Discrete Probability
Distribution, Binomial Probability, Hypergeometric distribution, Poisson distribution, Normal
distribution.

1) Concept of Probability

Basic definitions (sample space, events) (J %)

Approaches (classical, relative frequency, axiomatic) (J %)

Basic properties of probabilities (complements, bounds) (k%)

Notation & graphical displays for events (Venn, set ops) (%)

2) Rules of Probability

Special Addition Rule (mutually exclusive) (J%)

Complementation Rule (¥ %)

General Addition Rule (non-mutually exclusive) (3% %)

Bivariate data & contingency table (setup, counts) (¥ %)

Joint & marginal probabilities (%)

Multiplication rules (independent/dependent) (J %)

Conditional probability (J %)

Bayes’ Theorem (classification/diagnostic problems) (J% %)

3) Random Variables & Probability Distributions

Random variable (discrete/continuous; pmf/pdf, cdf) (J*)

Discrete distributions overview (%)

Binomial distribution (mean/var; fitting; problems) (J % %)

Hypergeometric distribution (without replacement) (J %)

Poisson distribution (law of rare events; Poisson approx.) (J %)

Normal distribution (standardization; areas) (%% %)
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4. Sampling Distribution: Sampling distribution of the sample mean for a normally distributed
variable, The Central Limit Theorem (CLT), Sampling Distribution of the Sample Mean,
Sampling distribution of the sample proportion, Sampling distribution of function of mean and
proportion. Confidence interval, Confidence interval of Population mean. Depermination of
Sample size, Sampling for estimating mean, Sampling for estimating proportion.

Sampling distribution of sample mean (normal population) (3% %)
Central Limit Theorem (intuition & use) (% %)
Sampling distribution of sample mean (general case via CLT) (J k%)
Sampling distribution of sample proportion (% %)
Sampling distribution of functions of mean & proportion (ratios/linear comb.) (J %)
Confidence interval (concept & structure) ()
CI of population mean (known/unknown o) (k% %)
Determination of sample size (error/Cl-width based) (J %)
Sampling for estimating mean (design + CI) (% %)
Sampling for estimating proportion (design + CI) (k%)
5. Basic Concepts of Hypothesis Testing : Null and Alternative hypothesis, simple and
composite hypotheses, Test statistic, acceptance and rejection regions, type I and type Il errors,
the significance level, one tailed and two tailed tests, general procedure for test of hypothesis.
Tests based on normal, student's t, F, and X? distribution. The Z- test for two population means.
The pooled t-test for two population means. The paired t-test for two population means.
6. Analysis of Variance : Concept of analysis of variance, treatment, response, extraneous
variables, One-Way Anova Model, Estimate of The Model Parameters, Hypothesis Testing In
Anova. Two-Way Anova, significance of Correlation and rank correlation coefficients.
Multiple comparison test. Two-way analysis of variance with and without interaction.
7. Experimental Designs: Basic principles of Experimental Design. Randomization,
Replication and Local control. The completely Randomized Design (CRD), Randomized
Complete Block Design (RCBD) and Latin square Design.

Basic Concepts of Hypothesis Testing

Null & alternative hypotheses (J k%)

Simple vs composite hypotheses (J %)

Test statistic; acceptance/rejection regions (J% %)

Type 1 & 11 errors; significance level; power (3% %)

One-tailed vs two-tailed tests (¥ %)

General procedure (formulate-assumptions-compute-decide) (3% %)
Tests using normal, Student’s t, F, and x* distributions (families & use-cases) (%% %)
Z-test for two population means (assumptions) (k% %)

Pooled t-test for two population means (equal variances) (J % %)
Paired t-test for two population means (dependent samples) (F % %)
Analysis of Variance (ANOVA)

Concept (variance decomposition) (J % %)

Treatment, response, extraneous variables (blocking) (¥ %)
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One-Way ANOVA model & assumptions (J % %)
Estimation of model parameters (SS, MS, 62 via MSE) (%)
Hypothesis testing in ANOVA (F-test) (Jxk %)
Two-Way ANOVA (with & without interaction) (J% %)
Significance of correlation and rank correlation coefficients (ANOVA/ttest logic) (k%)
Multiple comparison tests (LSD/Tukey outline; when used) (¥ %)
7) Experimental Designs
Principles: Randomization, Replication, Local Control (s %)
Completely Randomized Design (CRD) (model, ANOVA table) (F %)
Randomized Complete Block Design (RCBD) (blocks, efficiency) (d % %)

Latin Square Design (rows, columns, treatments) (J % %)

O Roughly we get-

(¥ % %): Means/median/mode; SD/CV; linear regression by least squares; R, r, R% index
formulas (Laspeyres/Paasche/Fisher); trend/seasonal measures; sampling designs & size;
CLT; CIs; z/t/x?/F tests; ANOVA; CRD/RCBD/LSD; Binomial/Poisson/Normal;
Bayes/conditional rules.
(k*): Chebyshev vs normal rule; skewness/kurtosis; partial/rank/correlation ratio;
hypergeometric; multiple comparison; significance of (rank) correlation.
(k):  Diagram  types; relative  frequency;  nuptiality/migration;  general
definitions/notations; irregular/cyclical components.
20 High voltage topic to be covered must
1. Mean formula comparison and limitations and when to use what (Grouped/Ungrouped)
2. 8.8.9
2. Median (Grouped Data) %%

*  Must cover: median formula, interprelation, ogive method.
3.Mode (Grouped Data) % %

*  Must cover: formula for modal class, graphical method.
4, Standard Deviation & Variance % %%

*  Must cover: raw data, grouped data, shortcut formulas.
5. Coefficient of Variation (CV) %% %

*  Must cover: formula, interpretation, comparison between series.
6. Correlation Coefficient (Pearson’s r) % %%

*  Must cover: formula, interpretation (strength/direction), -1 < r < +1.

~

. Regression (Least Squares Line) % %%
*  Must cover: regression equations (y on x, x on y), slope interpretation.
8. Fisher’s Ideal Index %%
o Must cover: formula, time reversal test, factor reversal test.
9. Laspeyres & Paasche Indices % %%

o Must cover: formulas, differences, biases.
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10. Time Series - Secular Trend %%

*  Must cover: moving average, least squares methods.
11. Time Series - Seasonal Variations %% %

*  Must cover: ratio-to-moving average, link relatives method.
12. Conditional Probability & Bayes’ Theorem %%

¢ Must cover: P(A|B), diagnostic problems, tree diagram use.
13. Binomial Distribution s %%

*  Must cover: formula, mean, variance, fitting, normal approximation.
14. Poisson Distribution %%

*  Must cover: formula, mean = variance property, approximation to Binomial.
15.Normal Distribution % %

*  Must cover: properties, standardization (Z), areas under curve.
16. Central Limit Theorem (CLT) %% %

*  Must cover: statement, role in approximation, importance in inference.
17. Sampling Distribution of Mean & Proportion % %%

*  Must cover: formulas, standard error, link to CI.
18. Confidence Interval (CI) % %%

*  Must cover: CI for mean (o known & unknown), CI for proportion.
19. Hypothesis Testing - z-test & t-test %k

*  Must cover: one-sample, two-sample, paired & pooled t-test.
20. One-Way ANOVA (F-test) %%k

*  Must cover: model setup, assumptions, ANOVA table, interpretation.

1. Paasche=120, Laspeyres=125. Fisher’s Index=?

Answer: 122.47 </

Explanation: Fisher=\(120x125)=\15000~122.47.

2. Binomial, n=5, p=0.4, variance=?

Answer: 1.2 </

Explanation: Variance=npq=5x0.4x0.6=1.2.

3. In ANOVA, TSS decomposed as:

Answer: BSS+WSS </

Explanation: Total=Between+Within variation.

4. The sampling distribution of mean approaches normal if n is large. This is:
Answer: Central Limit Theorem </

Explanation: CLT states sample mean is normal for large n.

5. If Y = 10 + 0.8X: What is the interpretation of values a,b.

6. Two events A, B Given. Their values P(A), P(B) are given. P (AUB) also given. Check
whether independent or not. Mutually exclusive or not.

7. RA2= value, interpretation.

7.1. beta value interpretation
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8. In time series, seasonal variation repeats in:
Answer: Fixed period </
Explanation: Seasonal cycles repeat regularly (e.g., yearly).
9Regression coefficients bxy=0.4, byx=0.5, correlation?
Answer: + 0.2/
Explanation: r’=bxybyx=0.2 = r=+\[0.2.
10. In a normal distribution, the total area under the curve is:
Answer: 1 &/
Explanation: Probability distribution integrates to 1.
11 . Which index number satisfies both time reversal and factor reversal tests?
Answer: Fisher’s Index </
Explanation: Fisher's Ideal Index passes both tests.
12. Which of the following is a non-parametric test?
Answer: Chi-Square Test </
Explanation: Chi-square does not depend on population parameters.
13. When Strafied Sampling useful?
Answer: Sub groups are internally homogenous and externally heterogenous.
14. The variance of 5, 7, 9, 11 is:
Answer: 5 &/
Explanation: Mean=8, deviations squared sum=20, variance=20/4=5.
15. The mean of first 10 natural numbers is:
Answer: 5.5 </
Explanation: Mean = (sum of 1 to 10)/10 = 55/10 = 5.5,
16. If median = mean = mode in a distribution, the distribution is:
Answer: Normal Distribution </
Explanation: In normal distribution, mean = median = mode.
17. Which of the following is not a measure of central tendency?
Answer: Standard Deviation </
Explanation: Standard deviation is a measure of dispersion, not central tendency.
18. The regression line of Y on X passes through:
Answer: (Mean of X, Mean of Y) </
Explanation: Regression lines always pass through means of variables.
19. The sum of deviations from mean is always:
Answer: Zero ¥
Explanation: By definition of arithmetic mean.
20. Coefficient of variation is:
Answer: (SD/Mean)x100 </

Explanation: Relative measure of dispersion.
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Last Moment Suggestions

Statistics: Definition, Characteristics and limitations

Statistics is specifically concerned with data — how to collect it, organize it, analyze it,
interpret results, and present findings for decision-making. In other words- Statistics is
the branch of mathematics that deals with the collection, organization, presentation,
analysis, and interpretation of numerical data to assist in decision-making.
Characteristics of Statistics

-Deals with data - Statistics always works on collected data, not imagination.
-Numerical in nature - Information must be expressed in numbers for statistical
analysis.

-Aggregates of facts - Statistics deals with groups or masses, not individual facts.
Example: “The average income of 1000 families” (not one person’s income).

-Collected for a purpose - Data is always gathered with a specific objective.
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-Comparable - Data should be homogeneous (similar in type) to make valid
comparisons.

-Subject to errors - Since it often involves sampling, some margin of error is always
present.

- Statistics are aggregate of interrelated information.

Limitations of Statistics

-Does not study individuals - Focuses on groups, not single cases.

-Cannot give exact results - Always has some approximation or error.
-Depends on correct data - Wrong or biased data = wrong conclusions (“garbage in,
garbage out”).

-Can be misused purposively - Data can be manipulated to mislead people.
-Limited scope in qualitative aspects - Feelings, emotions, morality cannot be
measured exactly in numbers.

-Does not prove causation - It shows correlation, not cause-effect directly.

- Statistics rules are mutable.

Scales of Measurement

Measurement are classified into four levels:

1 Nominal Scale

2. Ordinal Scale

3 Interval Scale

4, Ratio Scale

1. Nominal Scale (Classification / Naming Scale)

Meaning:

-It is the lowest level of measurement.

-Data are classified into categories without any order or ranking.

-Numbers are only labels (not quantities).

Properties:

-Categories are mutually exclusive (a person belongs to only one category).
-No mathematical operations (only counting frequencies, mode, percentages).
Examples:

-Gender: Male = 1, Female = 2, Others = 3.

-Religion: Muslim, Hindu, Christian, Buddhist.

-Blood group: A, B, AB, O.

Allowed Statistics:

Frequency, percentage, mode, chi-square test.

2. Ordinal Scale (Ranking Scale)

Meaning:

-Data can be ordered or ranked but the difference between ranks is not meaningful.
-Shows relative position, but not the exact difference.

Properties:
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-Higher numbers = higher rank/order.

-Cannot measure how much greater one is than another.

Examples:

-Class position: 1st, 2nd, 3rd.

-Customer satisfaction: Very satisfied (5), Satisfied (4), Neutral (3), Dissatisfied (2), Very
dissatisfied (1).

-Socioeconomic status: High, Middle, Low.

Allowed Statistics:

Median, percentile, rank correlation (Spearman’s).

3. Interval Scale

Meaning:

-Data are ordered, and differences between values are meaningful.
-But there is no true zero point (zero does not mean absence).

Properties:
-Equal intervals between values.
-Ratios are meaningless because zero is arbitrary.

Examples:

-Temperature (Celsius, Fahrenheit):

30°C is hotter than 20°C (difference = 10°C meaningful). But 0°C # “no temperature.”
-1Q scores.

-Calendar years (2000, 2010, 2020).

Allowed Statistics:

Mean, standard deviation, correlation, regression.

4, Ratio Scale (Highest Level)

Meaning:

-Has all features of interval scale plus a true zero point.
-Allows comparison of both differences and ratios.
Properties:

-Equal intervals + meaningful zero.

-Ratios are meaningful (you can say “twice as much”).
Examples:

-Height (0 cm = no height).

-Weight (0 kg = no weight).

-Age (0 years = newborn).

-Income (0 taka = no income).

Allowed Statistics:
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All mathematical operations: mean, variance, standard deviation, geometric mean,
coefficient of variation, etc.

Statistical Graphs & Diagrams

1. Histogram

Use:

-Shows the frequency distribution of continuous data (interval/ratio scale).
-Helps to identify distribution shape (normal, skewed, etc.).

-Useful for detecting patterns, spread, and outliers.

-Mode can be calculated from Histogram.

Limitations:

-Only for continuous data, not nominal.

-Choice of class interval (bin width) can change the appearance.

-Exact values are not shown, only ranges.

Comparison:

Similar to a bar chart, but bars are adjacent (no gaps) since data is continuous.

2. Frequency Polygon

Use:

-Line graph joining midpoints of histogram bars.

-Shows shape of distribution more clearly than histogram.
-Easy to compare two or more distributions on the same graph.
Limitations:

-Not as intuitive as histogram for beginners.

-Exact frequencies are harder to read.

Comparison:

Preferred when comparing multiple distributions, while histogram is better for single
distribution.

3. Ogive Curve (Cumulative Frequency Curve)

Use:

-Shows cumulative frequency (less than or greater than type).
-Useful to find median, quartiles, percentiles graphically.
-Helps in understanding how data accumulates over a range.
Limitations:

-Cannot display exact frequency of each class.

-Less useful for distribution shape.

Comparison:

Histogram/frequency polygon show distribution shape, while ogive shows cumulative

trend.
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4, Bar Chart

Use:

-Represents categorical (discrete) data.

-Each category shown with a bar of proportional length.

-Easy to compare different categories (e.g., sales of products, population by gender).
Limitations:

-Cannot represent continuous data directly.

-Misleading if scales are inconsistent or 3D bars are used.

Comparison:

Histogram vs Bar Chart — Histogram = continuous data (no gaps), Bar Chart =
categorical data (gaps).

5. Pie Chart

Use:

~Circular chart divided into sectors (angles proportional to frequencies).
-Useful for showing relative proportions/percentages of categories.

-Easy for quick visual impression.

Limitations:

-Hard to compare slices if differences are small.

-Not suitable for large number of categories (>6).

-Does not show trend over time.

Comparison:

Bar chart is better when comparing many categories, pie chart is better for
composition (parts of a whole).

6. Boxplot (or Whisker Plot)

Use:

-Shows five-number summary (minimum, Q1, median, Q3, maximum).
-Identifies spread, symmetry, skewness, and outliers.

-Good for comparing distributions across groups.

Limitations:
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-Does not show detailed frequency distribution.

-Not intuitive for non-statistical audiences.

Comparison:

-Histogram shows full distribution shape, Boxplot summarizes data with quartiles and
outliers.

-Boxplot is excellent for comparing multiple groups side by side.

Measures of Central Tendency

Central Tendency = A single value that represents the center of a dataset (around
which other values cluster).

The main measures are:

Mean (Arithmetic, Geometric, Harmonic)

Median

Mode

¢ 1. Arithmetic Mean (AM)

Definition: Sum of all values divided by number of observations.

e Formula:

x-=X
N

e Strengths:

e Uses all data values.

e Easy to compute.

e Suitable for further statistical analysis (variance, regression, etc.).
e Weaknesses:

» Affected by extreme values (outliers).

e Not suitable for qualitative data or skewed distribution.

e Best Use: Balanced data without outliers (e.g., average marks, production).

¢ 2. Median

Formula:

* For ungrouped data:
Arrange values in ascending order.
e If N is odd — Median = Middle value.
e If N is even — Median = Average of two middle values.

e For grouped data:

S —CF
f

Median — L + x h
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Where:
e L = lower boundary of median class
e N = total frequency
¢ (CF = cumulative frequency before median class
e f = frequency of median class
¢ h = class width
Uses:
e Best when data is skewed or has outliers.
e Used in income distribution, property prices, test scores.
Limitations:
* Ignores extreme values and exact magnitudes.

* Not suitable for algebraic treatment.

* Depends on arrangement of data.

¢ 3. Mode
Formula (grouped data):
fi—fo )
Mode =L+ | ———F— | xh
(Qf 1— fo— f
Where:

e L = lower boundary of modal class

f1 = frequency of modal class

fo = frequency of class before modal class

fa = frequency of class after modal class

h = class width

Uses:

* Shows most common value.
e Useful in business and marketing (e.g., most sold shoe size, most preferred product).

e Works well with nominal data.

Limitations:

* Sometimes no mode, sometimes multiple modes.
e Not suitable for small datasets.

e Ignores extreme values and distribution shape.
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¢ 4. Geometric Mean (GM)

Formula:

* For ungrouped data:

GM — f[ Xi

1=1

* For grouped data:

log X
GM — antilog (&)

2 f

Uses:

-Used for growth rates (population, interest rate, inflation).
-Suitable when values are percentages, ratios, or indices.
Limitations:

-Cannot be used if data has zero or negative values.

~Calculation is complex (requires log tables/computer).

¢ 5. Harmonic Mean (HM)

Formula:

* For ungrouped data:

HM =

* For grouped data:

Uses:

-Best for rates, speeds, ratios.

Example: Average speed of a car traveling different distances at different speeds.
Limitations:

Strongly affected by small values.

Difficult to calculate manually.

Not widely understood compared to AM or Median.

Comparison among the Measures of Central Tendency

The measures of central tendency—mean, median, mode, geometric mean, and harmonic

mean—each describe the “center” of a dataset in their own way, but they differ in
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definition, method of calculation, and suitability for various types of data. The arithmetic
mean is the most common, obtained by dividing the sum of all observations by their
number. It is simple, makes use of every data value, and is algebraically convenient for
further analysis, but it is highly affected by extreme values and is not suitable for skewed
distributions. The median, on the other hand, represents the middle value when data
are arranged in order. It is not influenced by very large or small values and is therefore
useful in skewed or open-ended distributions such as income and wealth data. However,
it does not utilize all values and cannot be used in mathematical analysis. The mode
indicates the most frequently occurring value in a dataset. It is the only measure that
can be used with nominal or categorical data, making it valuable in business or marketing
to identify the most preferred product or size. Its weakness is that a dataset may have
no mode or multiple modes, making it less precise. The geometric mean is the nth root
of the product of observations, and it is particularly useful in analyzing growth rates,
percentages, and index numbers. It is less affected by extreme values than the mean, but
it cannot be applied to data containing zero or negative values and is computationally
complex. Finally, the harmonic mean is the reciprocal of the arithmetic mean of
reciprocals, and it is best for averaging rates, speeds, and ratios. It gives greater weight

to smaller values, but this also makes it very sensitive to extremely small data points.

In summary, the arithmetic mean is most suitable for general balanced data, the median
is best when distributions are skewed, the mode is appropriate for categorical or nominal
data, the geometric mean is ideal for growth-related studies, and the harmonic mean is
used for rates and ratios. Each measure has its own advantages and limitations, and the

choice depends on the nature of the data and the purpose of analysis.
Some important formulas:
- If each values of a series are equal, then, AM=GM=HM
-In case of two non zero and positive values , AM*HM=(GM)
- For two or more non zero positive values, AM>GM>HM
n+1

- For first n natural numbers mean= -

Measurement of dispersion
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1. Range

Formula:

Rallge = Xmax — Xmin
where X ,.x = maximum value, X,;;, = minimum value.
Use:

e Measures the total spread of the data.
e Easy to calculate and understand.

e Helpful in quick comparison of datasets.
Limitation:
¢ Depends only on extreme values, ignores rest of data.

e Very sensitive to outliers.

* Not a reliable measure of variability for large datasets.

2. Variance ((72 or 32)

Formula (Population):

Formula (Sample):

Use:

* Measures average squared deviation from mean.
e Forms basis for other measures (e.g., SD, ANOVA, regression).

e Useful in comparing variability across datasets.

Limitation:
* Units are squared, so interpretation is not straightforward.

e Sensitive to extreme values.
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3. Standard Deviation (SD, o or s)

Formula:

Use:

e Square root of variance; same units as data.

e Widely used to measure dispersion.

* Useful in finance, science, social studies, hypothesis testing.
Limitation:

» Still sensitive to extreme values.

e Assumes data is interval/ratio scale.

4. Coefficient of Variation (CV)
Formula:
SD

Mean

CV = x 100%

Use:

e Standardizes variability, independent of units.
e Useful for comparing variation between datasets with different means/scales.

e Widely used in finance (risk-to-return ratio).
Limitation:

¢ Not meaningful when mean = 0 or very close to 0.

e Only valid for ratio scale data.

5. Quartiles (Q1, Q2, Q3)

Formula (general position):

Qi=Value at position k(N+1)/4, k=1,2,3

Q1: 25th percentile (lower quartile).

Q2: 50th percentile (median).

Q3: 75th percentile (upper quartile).

Use:

-Divide data into four equal parts.

-Helpful in understanding distribution and spread.
-Basis for IQR and boxplots.
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Limitation:

-Ignores finer details of distribution.

6. Percentiles

Formula (general position):

P\=Value at position k(N+1)/100,k=1,2,...,99

Use:

-Divide data into 100 equal parts.

-Widely used in standardized tests (e.g., scoring in exams, health data).
-Helps compare individual observation relative to group.
Limitation:

-Sensitive to extreme data values.

7. Deciles

Formula:

Dy=Value at position k(N+1)/10,k=1,2,...,9

Use:

-Divide data into 10 equal parts.

-Useful in economics (income distribution, wealth inequality).
-Helps summarize large datasets.

Limitation:

-Like quartiles, may ignore finer data details.
-Different formulas exist for position.

8. Interquartile Range (IQR)

Formula:

IQR=Q3-Q1

Use:

-Measures spread of the middle 50% of data.
-Robust against outliers.

-Common in boxplots and non-parametric statistics.
Limitation:

-Ignores data outside Q1 and Q3.

-Less informative if extreme values are important.

Skewness and kurtosis

Mean
Median Median Median
Mode
Mode 1 -= Mean | Mean - Mode
; . ;
I ] )
]
I
) ] 1
I I I
] ] ]
] ] ]
I ] ]
Positive Symmetrical Negative
Skew Distribution Skew
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B
A
A c
Mesokurtic
(Normal) Leptokurtic Platykurtic
K=0 K>0 <90

Moments are numerical values that describe the shape of a distribution.

(b) Central Moments (about mean)

1 N
_ e — YT
o= e )

e 1 — 0 (always zero about mean)
* J19p — variance

* 3, ptq — used for skewness & kurtosis.

(c) Skewness (3rd Moment)

It measures asymmetry.

Skewness — v, = #“,

po
e If yl = 0 = symmetric (normal distribution).
e Ifyl > 0 — positively skewed (tail on right).

e If y1 < 0 — negatively skewed (tail on left).
Alternative (Karl Pearson’s Coefficient):
: z — Mode 3(z — Median)
Sk—=———— or .
SD SD
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(d) Kurtosis (4th Moment)

It measures “peakedness” or “flatness”.

B =

5 |E
SR V] IS

Y2 = B2 — 3

e y2 =0 — Mesokurtic (Normal curve).
e y2 > 0 — Leptokurtic (More peaked).
e y2 < 0 — Platykurtic (Flatter).

1. Given Moments (symmetric case)
pe = 16, pz — 0, pg — 768

e Skewness:

= Distribution is symmetric.
e Kurtosis:

pa 768 768
ps 162 256

.

B2 =

Y2=PFB2—-3=0
- Mesokurtic (normal-like).

Important Formula: $2>p1+1
Regression, Correlation
In statistics, correlation and regression are two essential tools to study relationships
between variables.
- Correlation — Measures how strongly two variables move together.
- Regression — Predicts the value of one variable (dependent) from another
(independent).
Example:
Correlation: Height & Weight - do taller students weigh more?
Regression: Predicting a student’s weight from their height.
Correlation
Correlation measures strength and direction of a relationship between variables. It is
mainly association between variables.
Positive correlation — both increase together.
Negative correlation — one increases, other decreases.
Zero correlation — no predictable change.
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Correlation

No
Correlation

r=0

e

Strong Negative Perfect Negative
Correlation Correlation

r= - r=-0.238 r=-=1

Pearson’s Correlation Coefficient (r):
Formula:

r=2x-X)y-9) / JEx-%?* 2y - §)?)
Range: -1 <r <+1

Interpretation: r = +1 perfect positive, r = -1 perfect negative, r = 0 no relation.

Rank Correlation (Spearman’s p):
Formula: p = 1 - (6 2d?) / (n(n® - 1))
Partial Correlation:
Measures correlation between first & second variable after removing effect of third

variable.

o M < i <

V173 +/1-75

723

Correlation Ratio (1):
Used for non-linear relationships.
Regression
Regression finds the best-fit equation predicting Y from X.
Simple Linear Regression Equation:
Y =a+bX
a = intercept, b = slope.
Least Squares Method:
b=2(x-X)(y -9/ Zx - x)?
a=y-bx
Regression Coefficients:
b_xy: Y on X slope, b_yx: X on Y slope.
Relation: r* = b_yx x b_xy
Multiple Regression
Equation:
Y=a+biXi+bXe+.. +b X
Multiple Correlation Coefficient (R):
Measures correlation between actual Y & predicted Y.
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Coefficient of Determination (R?):

R? = Explained SS / Total SS

Indicates % of variation in Y explained by X variables.
Some Conceptual Questions.

Simple Linear Regression
| Model

(continued)

Y Yi=BO+B1Xi+£i

Observed Value ‘

of Y for X; ‘

g Siope = B,
Predicted Value Random Error
fY for X, ;
i for this X, value
Intercept = B,
Xi X

1. What is correlation in statistics?

Correlation measures the degree and direction of a linear (or other) relationship
between two variables.

Explanation: 1t does not imply causation — it only shows association.

2. Name the two main types of correlation.

Positive and negative correlation.

Explanation: Positive means variables move in the same direction; negative means they
move in opposite directions.

3. What is the range of Pearson’s correlation coefficient?

From -1 to +1.

Explanation: -1 = perfect negative linear relation, +1 = perfect positive linear relation, 0
= no linear relation.

4, What does a correlation coefficient of 0.8 indicate?

A strong positive linear relationship between the variables.

Explanation: The closer to *1, the stronger the linear association.

5. When should rank correlation be used?

When data is ordinal or when precise numerical values are not available.
Explanation: Spearman’s p works on ranks, not raw values.

8. What is partial correlation?

It measures the correlation between two variables while controlling for the effect of
one or more other variables.

Explanation: Useful to isolate the relationship between two variables.
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9. What is correlation ratio (1)?

A measure of association used when the relationship may be nonlinear.
Explanation: 1t’s often used when one variable is categorical.

10. Why is correlation not the same as regression?

Correlation measures association, regression models prediction.

Explanation: Regression assumes dependence of Y on X.

11. What is regression analysis used for?

Predicting the value of a dependent variable from one or more independent variables.
Explanation: 1t also quantifies the relationship between variables.

12. What is simple linear regression?

Regression with one dependent variable and one independent variable.
Explanation: The equation is Y=a+bX.

13. What does the least squares method do in regression?

It minimizes the sum of squared residuals between observed and predicted values.
Explanation: This ensures the “best fit” line.

14. What is a regression coefficient?

The value that represents the change in Y for a one-unit change in X.
Explanation: In Y=a+bX; b is the regression coefficient.

15. What is the intercept in regression?

The predicted value of Y when X = 0.

16. What is multiple regression?

Regression with one dependent variable and two or more independent variables.
Explanation: Equation: Y=a+b,X;+b,Xo+...+biX.

17. What is the multiple correlation coefficient (R)?

The correlation between the actual Y values and the predicted Y values from multiple
regression.

Explanation: R ranges from 0 to 1.

18. What is the coefficient of determination (R?)?

The proportion of variance in Y explained by the model.

Explanation: R* = SSR / SST.

19. What does R? = 0.85 mean?

85% of the variation in Y is explained by the independent variables.
Explanation: The remaining 15% is due to other factors or randomness.

20. What is the adjusted R? used for?

It adjusts R? for the number of predictors to prevent overestimation.
Explanation: Useful in multiple regression when comparing models.

21. Q: X: 1,2,3,4,5; Y: 2,4,6,8,10 — What is r?

Answer: Answer: r = 1. Reason: Y = 2X, perfect positive linear relationship.

22. Pearson’s r (Perfect Negative Correlation)

Q: X: 1,2,3,4,5; Y: 10,8,6,4,2 — What is r?
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Answer: Answer: r = -1, Reason: perfect negative linear relationship.

23. Regression equation from b and a

Q If b =1.1 and a = 2.6, write regression equation.

Answer: Answer: Y = 2.6 + 1.1X.

24. Predict Y using regression

Q: Using Y = 2.6 + 1.1X, find Y when X = 7.

Answer: Answer: Y = 2.6 + 1.1%7=10.3 .

25. Spearman’s p interpretation

Q: Given p = 0.8 — what does it mean?

Answer: Answer: Strong positive rank correlation.

Demography and Index Number

GFR - General Fertility Rate

Definition:

The General Fertility Rate measures the number of live births per 1,000 women of
reproductive age (usually aged 15-49) in a year. It focuses only on the segment of the
population capable of giving birth, unlike CBR which considers the entire population.
Formula:

GFR = (Number of live births in a year / Number of women aged 15-49) x 1000
Example:

Live births in a year: 60,000

Women aged 15-49: 1,200,000

GFR = (60,000 / 1,200,000) x 1000 = 50 births per 1,000 women aged 15-49

ASFR - Age-Specific Fertility Rate

Definition:

ASFR measures the number of live births per 1,000 women in a specific age group
(e.g. 15-19, 20-24, 25-29, 30-34, 35-39,40-44,45-49) in a given year. It shows which age
group has the highest fertility.

Formula:

ASFR(i) = (Number of live births to women in age group(i) / Number of women in that
age group(i))x 1000

Example:

Live births to women aged 20-24: 12,000

Women aged 20-24: 240,000

ASFR(20-24) = (12,000 / 240,000) x 1000 = 50 births per 1,000 women aged 20-24

TFR - Total Fertility Rate

Definition:

TFR estimates the average number of children a woman would have during her
reproductive years (15-49), if she experienced the current ASFRs for each age group
throughout her life. 1t is calculated by summing up ASFRs and adjusting for the width
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of the age groups. TFR adjusts for age composition, making it better for comparing
across countries or years.
Formula (with 5-year age groups):
TFR = 5Z(ASFR for each age group)
The “x 5” adjusts for each 5-year interval in the age groups.
Example:
Suppose we have ASFR data:

15-19: 40

20-24: 120

25-29: 100

30-34: 60

35-39: 30

40-44: 10

45-49: 2
TFR = ((40 + 120 + 100 + 60 + 30 + 10 + 2) x 5) + 1000 = (362 x 5) + 1000 = 1.81

children per woman

Gross Reproduction Rate
The Gross Reproduction Rate (GRR) is the average number of daughters a woman
would have during her lifetime if she experienced the current age-specific fertility
rates (ASFR), assuming no mortality before the end of the reproductive period. It is
similar to TFR but considers only female births.
Net Reproduction Rate
The Net Reproduction Rate (NRR) measures the average number of daughters a woman
would have during her lifetime, accounting for mortality. It reflects the extent to
which each generation of women is replacing itself.
Formula: NRR = GRR x Survival rate of women to each reproductive age
Or, more formally: NRR = X (ASFR_x x Proportion female births x Probability of survival
to age group x 5) + 1000

Example:
TFR = 3.0, Female proportion = 0.49, GRR = 1.47, Survival rate to end of reproductive
period = 0.90

NRR = 1.47 x 0.90 = 1.323 daughters per woman

Interpretation of GRR and NRR Values

1. GRR (Gross Reproduction Rate)

> 1 - Each woman, on average, has more than 1 daughter — potential for population
growth (assuming no female mortality before end of reproductive years).

= 1 > Each woman has exactly 1 daughter — replacement level (population stable if
mortality and migration are neutral).

< 1 - Each woman has fewer than 1 daughter — potential population decline over time
if conditions remain unchanged.

2. NRR (Net Reproduction Rate)
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> 1 - Each generation of women is larger than the previous one (growth after
accounting for mortality).
= 1 - Each generation exactly replaces itself — long-term stability.
< 1 - Each generation of women is smaller » declining population in the long run (if
migration is absent).
GRR=NRR= All new born girl babies cannot die before their last potent age.
Dependency Ratio in Bangladesh
The dependency ratio measures the proportion of individuals considered economically
dependent—typically children (ages 0-14) and older adults (65+)—relative to the
working-age population (ages 15-64). It is expressed per 100 working-age individuals.
Formula:
Dependency Ratio = [(Population aged 0-14) + (Population aged 65+)] / (Population aged
15-64) x 100

1. What is an Index Number?

An index number is a statistical measure that shows relative change in a variable or

group of related variables over time, across regions, or between different groups.

It's usually expressed as a percentage relative to a base period.

Formula (general):

_ Value in current period
Index Number — - - x 100
Value in base period

Example:

If the price of rice was 50 BDT last year and 55 BDT this year:

55
Price Index — 20 x 100 = 110

©

— Prices increased by 10%.

---Classification of Index Numbers

1. Price Index - measures price changes.

2. Quantity Index - measures change in quantities.

3. Value Index - measures change in total value.

4, Special Purpose Indices - cost of living index, etc.

1. Unweighted Index Numbers

These do not use weights; all items are treated equally.

Examples:

-Simple Price Index (Unweighted) - Measures average price change of a group of
commodities.

-Simple Quantity Index (Unweighted) - Measures average change in quantity of items.
-Aggregate Price Index (Unweighted) - (Sum of current prices / sum of base prices) x
100.

-Aggregate Quantity Index (Unweighted) - (Sum of current quantities / sum of base
quantities) x 100.

Key point: Easy to calculate, but less accurate when items have different importance.
2. Weighted Index Numbers

These use weights to reflect relative importance of items.
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Examples:

-Laspeyres Price Index (Weighted)

Uses base period quantities as weights.

-Paasche Price Index (Weighted)

Uses current period quantities as weights.

-Fisher’s Ideal Index (Weighted)

Geometric mean of Laspeyres and Paasche — considered most reliable.
-Marshall-Edgeworth Index (Weighted)

Uses average of base and current period quantities as weights.

-Cost-of-Living Index (Weighted)

Measures changes in expenditure needed to maintain standard of living; uses weights
based on consumption.

Consumer Price Index (CPI) - Weighted, based on expenditure patterns of consumers.

4. Key Differences Between Weighted and Unweighted Index Numbers

Feature Unweighted Index Weighted Index

Weight No weight, all items treated Weight assigned based on importance
equally (price, quantity, expenditure)

Accuracy Less accurate More accurate reflection of real change

Formula Simple arithmetic mean Weighted mean or ratio of weighted sums

Example Average of price changes of CPl uses expenditure weights of goods
items

Unweighted Index Numbers
1. Simple Price Index (Laspeyres, Paasche simplified)

* Simple Price Index Formula:

> P
I, — =— x 100
YR

Where P; = price in current period, P = price in base period.
2. Simple Quantity Index

Measures change in quantity over time:

X
I, S} x 100

Weighted Index
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1. Laspeyres Price Index (base period weighting)

- 2B Q)

> (Po- Qo)
e P = price, Qg = quantity in base period
e Emphasizes base period importance.

2. Paasche Price Index (current period weighting)

_S(R-Q)
Ie=Smgn <1

e Uses current period quantities as weights.

3. Fisher’s Ideal Index

Ip =+/I-Ip

e Geometric mean of Laspeyres and Paasche — considered most accurate.

4, Dorbish-Bowley’s Index= (L+P)/2
e Arithmetic mean of Laspeyres and Paasche
Laspeyres Price Index (LPI) Bias
Definition: LPI uses base period quantities as weights.
Main Bias: Upward bias (overstatement of inflation)
Reason:
-It assumes people continue to buy the same quantity of goods as in the base period,
even if prices rise.
-In reality, consumers substitute expensive items with cheaper alternatives.
-Because LPI ignores substitution, it overstates the cost of living.
Paasche Price Index (PPI) Bias
Definition: PPI uses current period quantities as weights.
Main Bias: Downward bias (understatement of inflation)
Reason:
PPI reflects that people buy less of the more expensive goods in the current period.
This reduces the measured price increase compared to reality.
Therefore, PPI tends to understate the true increase in cost of living.
Key Point:
This is why Fisher’s Ideal Index is preferred—it balances the upward bias of LPI and
downward bias of PPL
Why Fisher Index is Ideal?
-Balances the overstatement of LPI and understatement of PPI.
-Considered most accurate and reliable.

-Satisfies time reversal and factor reversal tests — mathematically consistent.
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But It has several limitations:
-More complex to calculate.
-Requires data for both base and current period quantities — sometimes hard to

collect.

Index Strengths Limitations

Laspeyres Easy, based on base quantities, Overstates inflation, ignores
widely used substitution effect, outdated quantities

Paasche Reflects current consumption, more Harder to collect data, understates
realistic inflation, not good for historical

comparison

Fisher Accurate, balances L& P, Complex calculation, needs both period
mathematically consistent data

Durbin Flexible weighting, accommodates Complex, rare, less intuitive

changing quantities

Data for two commodities:

Commodity Po P, Qo Q,
M 10 12 5 6
N 20 25 8 7

Compute Laspeyres, Paasche, and Fisher indices.

Step 1: Laspeyres Price Index (LPI)

Formula:

2 (Pr- Qo)

S (Pr-00) x 100

Numerator:

(12-5) + (25-8) = 60 + 200 = 260
Denominator:

(10-5) + (20-8) = 50 + 160 = 210

LPI:

L= @ x 100 = 123.81
210
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Step 2: Paasche Price Index (PPI)

Formula:

2 (P-@Qy) y
P —Z(P()'Ql) 100

Numerator:

(12-6) +(25-7) = 72 + 175 = 247
Denominator:

(10-6) + (20-7) = 60 + 140 = 200

PPI:

P= 24—7 x 100 = 123.5
200

Step 3: Fisher Ideal Index (F)

Formula:
F—=~L-P

Calculation:

F —+/123.81-123.5 — v/15294 ~ 123.6

1. Time Reversal Test

© Meaning:
An index number should be consistent if we reverse the time periods.

Mathematically,
Py x Py =1

where Pyy; = price index of current year (1) with base year (0),

and Py = price index of base year with current year as base.

© Example:

Suppose two commodities:

Commodity Price in 0 (base) Price in 1 (current)
A 10 20
B 20 25
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e Using Fisher's Index:
Py, — 1.414 (approx)
P,y = 0.707 (approx)
Multiply: 1.414 x 0.707 = 1 E4 (passes test).

-~ Conclusion: Fisher's index passes time reversal, Laspeyres/Paasche do not.

pF me Emm
01— (11
puqa puql
F > poqr D pogo
Py, = Pw Pw ’

Z P1q1 Z P1q0 '

We see that their product equals 1.

The intuition is: Let, price of wheat 2003-2004 increased from 1110 to 1480 per quintal,
the price in 2004 should be 133.33 percent of price in 2003. And price in 2003 should
be 75 percent of price in 2004.

One figure is reciprocal of other. Their product (1.33*.75) =1

2. Factor Reversal Test

© Meaning:
If we multiply price index (P) and quantity index (@), we should get the value index (ratio

of total values).

Py x Qo1 = Vin

-
where V; = <24,
2. Po%o

Zquo ) Zplql _ E(hpo . Z‘]lpl
Y poqo D poq S qopo Y. qopr

(11 CZ()I

Imagine this:

You run a small grocery shop.

One month, you sell apples and bananas.

Next month, prices go up and maybe you sell more or fewer fruits.
Now you want to measure:

How much prices changed.

How much quantities sold changed.
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How much total sales value changed.

The Factor Reversal Test says:

If you measure the price change and the quantity change correctly, then multiply
them, you should get exactly the total change in sales value.

Real-life analogy

Price Index = “things got more expensive.”

Quantity Index = “you sold more or fewer things.”

Multiply them — “total money earned changed exactly as it should.”

7 If your method satisfies this, it passes the Factor Reversal Test.

It’s like checking your shopping bill:

If apples are more expensive but you bought fewer, the net effect on the total bill

should match what you get by combining price and quantity changes.

Laspeyres Formula for Consumer Price Index(CPI) or Cost of Living Index(CLI)

The Laspeyres Price Index fixes the quantities of the base year and compares how
much the same basket costs in the current year.

Formula: CPI= (Zpiqo / Zpoqgo) x 100

Example: Rice: po=30, qo=100; Wheat: po=20, qo=50; p1=36, 25.

CPI= (3600 + 1250) / (3000 + 1000) x 100 = 4850 / 4000 x 100 = 121.25

CPI = 121.25 means the price level has increased by 21.25% compared to the base year.
- Laspeyres — overstates inflation (upward bias)

- Paasche — understates inflation (downward bias)

- Fisher — balances over- and underestimation

 Trend | Sesonality |
Components of
Time Series
Cyclicality P ' Irregular |
Tirne Saven + Dl 2o0wd pun, Fover s bowg aod Liw aves 86
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Time Series

Components of Time Series

1. Secular Trend (T): Long-term movement over a long period (e.g., gradual rise in
population).

2. Seasonal Variation (S): Regular patterns that repeat within a year (e.g., more ice-
cream sales in summer).

3. Cyclical Variation (C): Long-term wave-like movements often linked to business
cycles (e.g., recession and boom).

4, Trregular Variation (I): Unpredictable variations caused by unusual events (e.g., flood,
war, pandemic).

Time Series Components

-

Time

N / WV

Time

Random Trend Seasonal Cycle

Business Cycle

Peak

£
&,
5.
>

Gross Domestic Product (GDP)

57
=5
QL
<
Depression
=
(&
o
&

Trough

Time
2 Investopedia
Formula of Time Series

General model: Y = T x S x C x I (Multiplicative model)
Or,Y=T+S+C+I1 (Additive model)

Methods of Measuring Straight line Trend

- Graphical/free hand method

-Semi average method
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-Method of least squares

Methods of Measuring Non linear Trend
-Freehand or graphical method

-Moving Average method

Methods of Measuring Seasonal Variation
-Method of simple averages

-Ratio to trend method

-Ratio to moving average

-Link relatives method

Methods of Measuring cyclic variation
-Residual method

- Direct method

- Reference cycle analysis method

Semi average method
Description:

Divide the time series into two equal parts, calculate the average of each part, then
plot these averages and draw a straight line between them.
Advantages:

Simple — only uses averages.

Gives a straight-line trend.

More objective than graphical method.

Limitations:

Only suitable for linear trends.

If number of observations is odd, technique needs adjustment.
Ignores fluctuations within the parts.

Affect of extreme values
Usefulness:
Quick but crude. Works when a broad linear trend is adequate.

Year Sales

2018 10
2019 14
2020 16
2021 18
2022 20

Drop 2020, so we compare:
1st half: 2018 & 2019: Average is calculated
2nd half: 2021 & 2022: Average is calculated
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Semi-Average Trend Method (Option A)

20 —e— Sales —4

Semi-average Trend

18} = i

~

(=]
v

\
Y

Sales (T lakhs)
\

-
-
\

12}

" L L i . i " .
2018.0 2018.5 2019.0 20195 2020.0 20205 2021.0 20215 2022.0
Year

Moving Average Method

Description:

Calculate arithmetic average of observations within a fixed window (say 3-year, 5-year,
etc.), then move the window forward one period at a time.

Features:

Smooths out short-term seasonal & irregular fluctuations.

Flexible window length.

Limitations:

Trend values are not available for all periods (missing at ends).

Choice of period length is arbitrary.

Doesn’t give a forecasting equation.

Usefulness:

Excellent at smoothing data when seasonal effects are present. Good for exploratory
analysis.

Example: 3-Year Moving Average

Suppose the annual sales (in ¥ lakhs) of a company are:

Year Sales

2018 10
2019 14
2020 16
2021 18
2022 20

Step-by-Step:

We take 3-year moving averages:
MA1=(10+14+16)/3=40/3=13.33
MA2= (14+16+18)/3=16

MA3= (16+18+20)/3=18

Trend (Smoothed Values)
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Centre Year 3-Year Moving Average
2019 13.33
2020 16.00
2021 18.00

Sales and 3-Year Moving Average

20} —o— Sales
P, 3-Year Moving Average /
.
18}

Sales (I lakhs)

14

12

101

?01‘8‘0 701‘8,5 ?Oll‘) 0 70]‘9 5 2020.0 ?DPAO,S ?07:1‘0 7051 5 2022.0
Year

The method of least squares fits a mathematical trend line (usually straight line)

that best represents the long-term movement and then subtracts this trend from the

( Al

Probability sampling J [ Non-Probability sampling ]

(- 1 [ [ [ 1

s = ™ ~ e ™ ~ e
Simple Clustered || Systematic|| Stratified || Convenience||Consecutive Quota Purposive Snowball
Random Sampling ampling || Random Sampling Sampling Sampling || or Judgmental || Sampling
Sampling Sampling Sampling

) L \

original data. Best fit Line

<

1. Probability Sampling

Every unit has a known, non-zero chance of being selected. Reduces bias.

(a) Simple Random Sampling (SRS)

Definition: Each unit has equal chance of selection (lottery/ random number table).
Strengths: Easy, unbiased, statistically sound.

Limitations: Needs complete population list, not practical for large populations.
Use: Election polls, small surveys.

(b) Systematic Sampling

Definition: Select every k-th item from ordered population after a random start.
Strengths: Simpler than SRS, evenly spread.

Limitations: Risk of bias if there is periodic pattern in data.

Use: Quality control in manufacturing.

(c) Stratified Sampling
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Definition: Divide population into subgroups (strata) and randomly sample from each.
Strengths: Ensures representation of subgroups, more precise estimates.
Limitations: Requires detailed population info, complex.

Use: Population divided by age, income, region.

(d) Cluster Sampling

Definition: Divide population into clusters (groups), randomly select some clusters, and
study all/ some units within them.

Strengths: Cost-effective, useful for large/geographically spread populations.
Limitations: Less precise, higher sampling error compared to stratified.

Use: Household surveys in different districts.

(e) Multistage Sampling

Definition: Combination of methods, often cluster + random sampling at multiple stages.
Strengths: Flexible, practical for large populations.

Limitations: Complex design, chance of compounded error.

Use: National-level surveys (e.g., census).

2. Non-Probability Sampling

Selection is subjective; not every unit has known chance of inclusion.

(a) Convenience Sampling

Definition: Choose respondents easiest to access.

Strengths: Fast, cheap, easy.

Limitations: Highly biased, not representative.

Use: Pilot studies, quick feedback.

(b) Judgment / Purposive Sampling

Definition: Researcher selects units based on expertise.

Strengths: Useful for special/rare populations.

Limitations: Subjective, researcher bias.

Use: Expert interviews, case studies.

(c) Quota Sampling

Definition: Population divided into groups, fixed quota taken (non-randomly).
Strengths: Ensures subgroup representation.

Limitations: Not random, may bias within groups.

Use: Market research surveys.

(d) Snowball Sampling

Definition: Existing participants recruit further participants.

Strengths: Good for hard-to-reach groups.

Limitations: Non-random, biased, network dependent.

Use: Drug users, refugees, rare disease patients.
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Conceptual Analysis

Population vs Sample

Population:

The entire group of subjects or items you are interested in studying.

Example: All households in Dhaka city, all students in Bangladesh, all mobile phones
produced in 2024.

Denoted by: Usually N.

Sample:

A subset of the population chosen for actual study.

Example: 500 households from Dhaka, 200 students from a university, 50 mobile phones
tested.

Denoted by: Usually n.

Key Points:

Population data is often impractical or costly to collect.

Sample is used to estimate population characteristics.

Visual analogy: If the population is a big cake, the sample is a slice. You taste the slice
to judge the whole cake.

Census Survey vs Sample Survey

Census Survey:

Data collected from the entire population.

Example: Population and Housing Census in Bangladesh.

Advantages:

Complete coverage, no sampling error.
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Limitations: Very costly, time-consuming, data may quickly become outdated.
Sample Survey:

Data collected from a subset (sample) of the population.

Example: Household Income and Expenditure Survey (HIES) in Bangladesh.
Advantages: Less expensive, faster, easier to manage.

Limitations: Subject to sampling error; needs careful sample design.
Parameter vs Statistic

Parameter:

Numerical characteristic of a population.

Example: Population mean (u), population proportion (P), population variance (o).
Usually fixed, unknown unless a census is conducted.

Statistic:

Numerical characteristic of a sample.

Example: Sample mean (X), sample proportion (p), sample variance (s?).

Used to estimate population parameters.

Key Difference:

Parameter — describes population

Statistic — describes sample

Statistic is a random variable (changes with each sample), parameter is fixed.
Sampling Error vs Non-Sampling Error

Sampling Error:

Error caused by studying a sample instead of the whole population.

Example: If a sample of students shows average height slightly different from true

population height.

Can be reduced by increasing sample size or using better sampling design.
Non-Sampling Error:

Error not related to sampling, occurs even in a census.

Examples: Data entry mistakes, response bias, faulty measuring instruments.

Cannot always be reduced by larger sample size.
sampling error €3 2NN FIFd 20& - AN @ A9 T 7@ Frer fFw Fie Fafe-
@BIZ | e WAT TO3 S A FHYS @F, 979 AAES |

Sampling error arises when a sample, rather than the entire population, is studied.

Warnning: Live MCQ™ -93 578 STo0 IPRI135 W3 741 JAFS | Safs ISR @IS MG 97 I D20 a8 8 A 7!

Join Now [N ey @ livemea.com @ 01701377322



Live
L2 vca

1T Fegfo, T fafer
It reflects the natural variability between sample estimates and true population values,

even if sampling is random and correctly conducted.
Calculating Sample Size

.

Z o\
E

7’1' _

Where:

n = required sample size

Z = Z-value for chosen confidence level

o = population standard deviation (or estimated from pilot sample)

E = maximum allowable margin of error (precision you want)

A researcher wants to estimate the average monthly expenditure of college students.

* Wants 95% confidence — Z — 1.96
* From a pilot study, standard deviation & = $50

e Wants estimate within +$5 = E — 5

2 2
n = (M) - (%) — (19.6)? = 384.16
5] 5
Probability

Approaches to Defining Probability
There are three classical ways to define and interpret probability:
(a) Classical/Laplacean/Priori Approach
Assumes all outcomes are equally likely.
P(A)= n(A)/n(S); n(A)= favourable outcome, n(S)= total number of outcome
(b)Relative Frequency or Empirical or posterior Approach
Probability of happening an event= no. of times events in past/Total no. of
observations
(c)Axiomatic Approach
Based on set theory. Combines both classical+Empirical. There are 3 axoms:

a) 0<P(A)<1

b) P(S)=1

C)P(A;UALUA;....UAL)=P(A)+P(A2)+P(As)+............ P(Ay)
Basic Properties of Probability
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1. 0<P(A)<1
2. P(S)=1
3. P(A%) =1-P(A), where A = complement.
4, For mutually exclusive events A and B: — P(AUB)=P(A)+P(B)

Important Rules of Probability

(a) Multiplication Rule

Independent events: P(A N B) = P(A) x P(B)

Example: Rolling a 2 on a die and tossing heads = 1/6 x 1/2 = 1/12

Dependent events: P(A N B) = P(A|B) x P(B)

(b) Addition Rule

For any two non mutually exclusive events: P(A U B) = P(A) + P(B) - P(A N B)

For any two mutually exclusive events: P(A U B) = P(A) + P(B)

(c) Complementation Rule

P(A°) = 1 - P(A)

Example: Probability of not rolling a 6 on a die =1 - 1/6 = 5/6

Bivariate Data

Bivariate data involves pairs of linked observations, often to explore relationships

between two variables.

Example: A researcher collects students' study hours and corresponding exam scores.

Each pair (hours, score) is a bivariate observation.

Contingency Table

A grid used to display the frequency distribution of two categorical variables jointly.
Suppose a company randomly selects an employee.

e Let event M = selected employee is Male
e Event T = selected employee is Trained

e From records:

Trained (T) Not Trained (T) Total
Male (M) 30 10 40
Female (F) 20 40 60
Total 50 50 100

Here we can analyze joint, marginal, and conditional probabilities
Joint. Marginal and Conditional Probability

Joint Probability= P(ANB)

The probability that two events happen simultaneously.

(a) Joint probability

P(M N T) = probability employee is male and trained

=30 / 100 = 0.30
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Marginal Probability:

The probability of a single event occurring, regardless of the outcomes of any other
events. These are called marginal probabilities because they are taken from the totals
(margins) of the table — not depending on any other variable.

(b) Marginal probability in the previous example-

P(T) = total trained / total employees = 50 / 100 = 0.50

P(M)= ?

Conditional Probability

Probability of event A occurring given that B has already occurred.
P(A|B)=P(ANB)/P(B)

P(B|A)=P(ANB)/P(BA)

We find multiplication rule here.
Using the above table:

L Probability that an employee is trained given that the employee is male.

P(MNT) 0.30

.L;\ =
PT|M) P(M) 040

=0.75

So there's a 75% chance a male employee is trained.
Bayes’ Theorem: Used to update probabilities based on new evidence.

Random Variables

Random Variable (RV)

A random variable is a rule that assigns a number to each outcome of a random
experiment.

(3 In other words, it converts chance outcomes into numerical values so we can

calculate things like probability, mean, variance, etc.

Types
1. Discrete RV - takes countable values (like 0,1,2,...).
2. Continuous RV - takes any value in an interval (like height, time, weight).

Expected Value (Mean)
The expected value of a random variable is like its long-run average.

It tells us what we can expect on average if we repeat an experiment many times.
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* For a discrete random variable X with possible values z;, zs, ..., z, and
probabilities P(X = ;) = p;:
n
E[X]|= Z T; D;

1=1

* For a continuous random variable with probability density function f(z):

E[X] = /_x zf(z)dz

0o

For a fair 6-sided die, P(X = i) = ¢ fori = 1,...,6.

6
1 1
E[X]—Zi-6—6(1+2+3+4+5+6)
1=1
1 21
——.21===35
6 6

So, the expected value is 3.5.

1. Properties of Expectation (E[X])
1. Linearity

ElaX +bY| = aE[X]| + bE|Y]
(for any constants a, b; true whether X, Y are independent or not)

2. Constant
Elc] = ¢
(for any constant ¢)

3. Multiplying by a constant

FElaX] = aFE[X]

4. Additivity
(holds always, not only for independence)

5. Product of independent random variables

If X.,Y are independent:
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Variance
The variance measures how spread out the values of a random variable are from its

expected value.

Var(X) = E[(X — E[X])?]
This expands to:
Var(X) = E[X?] — (E[X])’
e Standard deviation is the square root of variance:
o = +/Var(X)

2. Properties of Variance (Var(X))

1. Definition
Var(X) = E[(X - E[X])’] = E[X?] - (BE[X])*

2. Non-negativity

Var(X) = 0
3. Variance of a constant

Var(c) =0
4. Scaling property

Var(aX) = a*Var(X)
5. Shifting property
Var(X + ¢) = Var(X)

(adding a constant does not change variance)

6. Variance of sum of two random variables
Var(X +Y) = Var(X) + Var(Y) + 2Cov(X,Y)
7. If independent
Var(X +Y) = Var(X) + Var(Y)

(because Cov(X,Y ) = 0 when independent)
Math 1:
Let X = outcome of a fair die.
. E[X] =35
Now define Y = 2X + 3.

E[Y] = E[2X + 3] = 2E[X] + 3 =2(3.5) + 3= 10
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Math 2:
We already know for a die:
35
Var(X) = ~ 2.92
ar(X) 12

Now forY = 2X + 3:

35 140 35

Var(Y) = Var(2X + 3) = 2*Var(X) = 4 x
Math 3:

Flip 2 fair coins. Let

* X = number of heads on coin 1 (so X is 0 or 1, with E[X| = 0.5, Var(X) =
0.25)

e Y — number of heads on coin 2 (same distribution).

Define total heads: Z = X + Y.
Var(Z) = Var(X +Y) = Var(X) + Var(Y) (independent)
=0.25+0.25=0.5

Probability Mass Function
Used for discrete random variables.

It gives the probability of each possible value.
* Properties:

. P(X = :1:) >0

.Y PX=2z)=1

N -

~ Formula:
P(X =z) = f(z)
~ Example: Tossing a fair die.

1
P(X =z)= rt r—1,2,3,4,5,6

Probability Density Function
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Used for continuous random variables.

Probability at a single point = 0.

Instead, probability is calculated over an interval.

~ Properties:

- f(z) =0
2. j_xx f(z)de =1

= Formula for probability:

-

b
Pla< X <b) = f(x)d=x

CDF (Cumulative Distribution Function)
The CDF of a random variable X is defined as:

F(z) = P(X < z)
-Works for both discrete & continuous random variables.
-Non-decreasing function
-Step function
As X increases, F(x) never decreases.
Because probabilities accumulate.
It gives the probability that random variable X takes a value less than or equal to x.
Throwing a die-

F(3) = P(X <3)=P(1),+ P(2) + P(3) = g — 05

If a <~ b, then

F(a) < F(b)
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Probability Distributions: PMF/PDF & CDF Graphs

Bernoulli PMF (p=0.5) Bernoulli COF (p=0.5)
04t 9
3|
a1} e
" 0 1 T o2 ) - 06 08 10
Binomial PMF (n=10, p=0.5) Binomial CDF (n=10, p=0.5)
0204 08 r
- \
04 J
0003 2 4 6 ) 10 o 0 2 ) 3 8
_ Poisson PMF (A=4) Poisson CDF (A=4)
)4
- Q0 '_’ I
N VT o 2 4 & 4 T VT
Geometric PMF (p=0.3) Geometric COF (p=0.3)
30 10 - —
—
)8 —I—
- 4 0 ] 10 12 1
Normal Distribution (p=0, o=1)
Normal PDF ' Normal CDF
040t 101
0.35f
0.8r
0301
0.25¢ 0.6+
0.20F
0.15} 041
0.101
021
0.05f
0.00 [ 1 1 1 1 1 0.0 L L 1 1 1 1
-4 -2 0 2 4 -4 -2 0 2 4

Here are the PDF (bell-shaped curve) and CDF (S-shaped curve) for the Normal

Distribution with mean p = 0 and standard deviation o = 1.
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il Specific Graph Interpretations

1. Bernoulli (p=0.5)
e PMF: Two bars = 50% at 0, 50% at 1.
e CDF:Jumps from 0.5 at x=0to 1 at x=1.
2. Binomial (n=10, p=0.5)
e PMF: Peaks around 5 (most likely ~half heads). Symmetric.
e CDF: Smooth staircase climbing up to 1.
3. Poisson (A=4)
e PMF: Skewed bar shape, peaks near 4.
e CDF: Step curve rising toward 1.
4. Geometric (p=0.3)
e PMF: Bars decrease as trial number grows.

e CDF: Rises quickly because success is likely within first few trials.

Probability Distribution

A probability distribution tells us how the probabilities are spread out over possible
outcomes of a random variable.

Two main types:

Discrete distribution — for outcomes that are countable (like dice, coins).

Continuous distribution — for outcomes over a range (like height, weight, time).

1. Bernoulli Trial

Concept

A single experiment with only two possible outcomes: Success (1) or Failure (0).
Probability of success = p, probability of failure = q = 1 - p.

When to Use

When analyzing binary events: coin toss (H/T), pass/fail, defective/not defective, etc.
Properties

Mean = p

Variance = p(1 - p)

Support: {0,1}

2. Binomial Distribution

Extension of Bernoulli trial.

Number of successes in n independent Bernoulli trials with probability of success = p.
Probability Mass Function (PMF):
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P(X = k) = (Z)p“(l I

When to Use
Fixed number of trials, independent, identical probability.

Examples: number of heads in 10 coin tosses, number of defective bulbs in a sample of

20.
Properties
Mean = np

Variance = np(1 - p)

3. Poisson Distribution

Concept

Counts the number of events in a fixed interval of time/space, if events occur

independently at a constant rate.
PMF

When to Use
Rare events over time/ space.

Examples: number of phone calls per hour, accidents per week, typing errors per page.
Properties

Mean = Variance = A

Approximates Binomial when n large, p small.

4. Geometric Distribution

Concept
Number of trials until the first success in independent Bernoulli trials.
PMF
P(X=k)=(1-p)*'p, k=1,2,3,..
When to Use

e Waiting time for first success.

e Example: How many coin tosses until the first head?

Properties

e Mean=1/p

e Variance = (1-p)/p*

e Memoryless property: P(X > m + n| X > m) = P(X > n).
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5. Normal Dstribution
Concept

e Continuous distribution, symmetric, bell-shaped curve.

e Defined by mean (p) and standard deviation (o).

Probability Density Function (PDF)
|
@)= == ¥
(=) 2mo?
When to Use

e Data naturally follows bell-shape (heights, IQ, measurement errors).

e Central Limit Theorem: sample means tend to be normal as n grows large.

Properties
e Mean =y, Variance = ¢°
e Symmetric about p
® 68-95-99.7% rule.

6. Hypergeometric Dstribution
* Probability of k successes in n draws without replacement from a finite population

containing successes and failures.

PMF

where

e N = population size,
e K = number of successes in population,
* n =sample size,

e k= successes in sample.

When to Use

¢ Sampling without replacement.

e Example: Picking red balls from a box without putting them back.
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7. Uniform Distribution

Concept
e All outcomes equally likely within interval [a, b].
PDF

1
b—a’

Q
IA
8
IA
o

fz) =

When to Use

e Random number generation, equal-likelihood situations.

Properties

e Mean = (a + b)/2

e Variance = (b—-a)*/ 12

8. Exponential Distribution

Concept

e Models time between successive events in a Poisson process.

PDF
flx) =2xe™*, >0

When to Use

* Lifetimes of devices, time between arrivals in a queue, waiting times.

Properties
e Mean = 1/A
e Variance = 1/A®

e Memoryless property: P(X > s + t| X > 5) = P(X > 1).

Comparison & Relations
Bernoulli — Binomial — Poisson: Bernoulli is 1 trial, Binomial is multiple trials,

Poisson is limit of Binomial.

Geometric vs Exponential: Both measure “waiting time” - geometric (discrete),
exponential (continuous).

Binomial vs Hypergeometric: With replacement vs without replacement.

Normal vs Uniform: Normal bell-shaped, Uniform flat.

Exponential vs Poisson: Poisson counts number of events; exponential models time

between events.
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Sampling Distribution
1. Sampling distribution of the mean is the distribution of means from all possible
samples.
2. lts mean equals the population mean (1).
3. Its variance equals the population variance divided by sample size (2 /n).
4. Standard error decreases as sample size increases — sample mean becomes more
reliable.
5. Central Limit Theorem ensures the sampling distribution is approximately normal if n

is large.

Scenario:

A factory produces bolts with average length £ = 10 cm and standard deviation o = 2

cm.
Step 1: Sample mean distribution for n = 16
e Mean:
E(X)=p=10cm
e Variance:

Vi (X)—“2—22— 2 025
ar n 16 16 o

e Standard error:

SE —4/0.25 =0.5cm

Interpretation:
If we repeatedly take samples of 16 bolts, the sample mean length will typically vary

+0.5 cm around 10 cm.
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Key Takeaways

The sampling distribution of a proportion is the distribution of sample proportions
from repeated sampling.

Its mean equals the population proportion (p).

p(l,—l_p) and decreases as sample size increases.

Standard error decreases with larger n, making sample estimates more reliable.

Its variance is

If n is large and p is not too close to 0 or 1, the distribution is approximately normal,

allowing for confidence intervals and hypothesis tests.

Scenario:

A city survey shows that 40% of households own a car (p — 0.4).
Step 1: Sample proportion distribution for n = 100
e Mean:
E(p) =p=104

e Variance:

04-0.6 0.24
100 100

Var(p) = — 0.0024

e Standard error:

SE; — +0.0024 =~ 0.049

Interpretation:

If we repeatedly take samples of 100 house. Y is, the sample proportion will typically vary

+4.9% around 40%.

Central Limit Theorem (CLT)

The Central Limit Theorem states that, regardless of the population distribution, the
sampling distribution of the sample mean approaches a normal distribution as the
sample size becomes large (n>30 is commonly used).

Real-life example:

A hospital records patient waiting times. Even if waiting times are skewed (most
patients wait 5-10 minutes, some wait 60+), the average waiting time from repeated
samples of 40 patients will form a normal distribution.

Implication: CLT allows us to apply normal probability methods for inference, even if
the population is not normally distributed.
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A confidence interval provides a range of plausible values for a population parameter

(mean or proportion) based on sample data.
Cl for Population Mean (known o):

X+Zyp —
/2 \/ﬁ

e X =sample mean
. Za","g = critical value from the standard normal distribution (e.g., 1.96 for 95% Cl)
» o/4/n = standard error

Example:

Using the apple weight example, if the sample mean of 25 applesis 152 gand o = 30 g:

30
CI—=152+196- — = 152+ 11.76 — (140.24,163.76)
V25

We are 95% confident that the true mean weight of apples in the orchard is between
140.24 g and 163.76 g.
Cl for Population Proportion:

. p(l—p
Pt Zy- p(l —p)

Example:

From the car ownership example, sample proportion p = 0.42, n = 100:

0.42(1 — 0.42)
100

CI—=10.42+1.96- \/ =042 +£0.098 — (0.322,0.518)

So the proportion of households with a car is likely between 32.2% and 51.8%.

Hypothesis Testing
what hypothesis testing does:
(& It gives us a rule to decide whether to accept or reject a claim using sample data.
Null Hypothesis (Ho): The claim of "no effect" or "no difference". It assumes the
current belief is true.
Alternative Hypothesis (H: or Ha): The rival claim that we want to test for (usually
indicating a difference or effect).
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Hypothesis Testing
One-tailed }
Two-tailed Left-tailed Right-tailed
Hy: p=23 Hg: p 2 23 Ho: <723
Hy: p# 23 Hy: p< 23 Hy: p> 23

. Do not reject Hy, Do not reject H, .

L Reject H, Reject HO—[

Do not reject H,

Reject H,

TIA! (AT [ A7 8 FANAF (AF [ire eTa ey (g 21y A1 @3 AR T
FOpT TR O AT A TG TLFA FACR Bl O Aol TR T ARPIRYA AeTFS
@ of@fs SPIad T4 2 SItF2 6 (G0 o7 AR 1 (&g [o19)

qUFE A ARFSE T 2

S, “fafS 2@ ( normal test or Z test)

. t 2K (TR TER D)

©, 2 o oI

8) F test

T2 &@F% (null hypothesis)

4% 2<g (alternative hypothesis)

qifwet Ga11% (rejection region)

229 G=IFl (accepted region)

O3 difes fa Aif@F 29 (one sided test, two sided test)

Hypothesis Testing Process

State Hypotheses
Ho and Ha

+
[Choose Significance Level (a)]

+

Select Test Statistic
(£ L x* F)

+
[Collect Data & Compute Test Statistic]

+

Decision Rule:
Compare with Critical Value or p-value

+

Conclusion:
Reject Ho or Fail to Reject Ho

-Choose the appropriate statistical test
-Z-test (large samples, known ©)
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-t-test (small samples, unknown o)

-Chi-square test (categorical data)

-F-test (variances comparison)

Now, Calculate the test statistic from sample data.Find the critical value / p-value.
Compare the calculated test statistic with the critical value from tables (Z, t, x?).

4. Quick Comparison Table

Test When to Use Data Type Example
Z-test Large n, o known Mean/Proportion Avg. weight # 60 kg
One-sample t Small n, ¢ unknown Mean Sample mean vs population mean
Pooled t Two groups, equal Mean Boys vs Girls test scores
variance
Paired t Same group Mean Before & after training scores
before/after
F-test Compare 2 variances Variance Variability of yields between two
farms
X test Categorical data Frequencies Independence of gender & choice
of product

Errors in Hypothesis Testing

Type 1 Error (a error): Rejecting Ho when it is true.

Example: Concluding the cement bags are not 50 kg when they actually are.
Type 11 Error (B error): Failing to reject Ho when it is false.

Example: Concluding the cement bags are 50 kg when in fact they are lighter.

Type | and Type Il Error

Null hypothesis is ... True False

Type | error Correct decision
Rejected False positive True positive
Probability = a Probability =1- B

Correct decision Type Il error
Not rejected True negative False negative
Probability =1-a Probability = B

<< Scribbr
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Accep')tance

Critical Region Critical

pal CEEEE R

Rejection Rejection
Region Region
Sign in &, Rejection Graphical displays
and & region
Two H.: 8=8 Both N
tailed Ho. 20 9' sides Reject Ho Reject Ho
test VE ». Accept Ho \
1—-a
Critical value ) Critical value
Right | H,: &8=§, Right Reject Ho
tailed 1
te; he LG e Accept Ho
1—-a
° Critical value
Left H,: 8=8, Left
B Reject Ho
tailed H,: 8<8, sides
test Accept Ho
1—-a
Criticdl value (') 9

p-value
The smallest level of significance at which Ho can be rejected
Start with a claim (Ho).
Compare p-value with significance level (a):
If p<o. = Reject Hy
If p>a = Fail to reject H,.
ANOVA
Definition: ANOVA is a statistical method used to compare means of more than two
groups to see if at least one differs significantly.

Idea: Total variation in the data = Variation between groups + Variation within groups.
Formula for Total Sum of Squares (SST):

;

k
SST =3 (X; — X)*
i=1 j=1
Where:

e X;; = value of j-th observation in i-th group

e X =grand mean
SST = SSB + SSW

* SSB (Sum of Squares Between Groups): variation due to difference in group means.

e SSW (Sum of Squares Within Groups): variation due to random error inside groups.
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SST = SSB + SSW

ANOVA checks if variation between groups is much larger than variation within
groups.
MSW
If F is large — groups differ significantly.
Why not multiple t-tests?
If you compare 4 groups using t-tests — 6 pairwise comparisons. Each has 5% error
chance. Overall error risk (Type I error) increases.

ANOVA controls this error by using one test.

i ANOVA Table (One-Way Example)

Source of Variation SsS df MS F = MSB/MSW
Between Groups SSB k-1 MSB

Within Groups SSW N-k MSW

Total SST N-1

Two-Way ANOVA Table Format

Degrees of
Source of Variation Sum of Squares (SS) Freedom (df) Mean Square (MS) F-ratio
Factor A (rows) SSA a-1 MSA = SSA / (a-1) F = MSA / MSE
Factor B (columns) SSB b-1 MSB = SSB / (b-1) F = MSB / MSE
Interaction (AxB) SSAB (a-1)(b-1) MSAB = SSAB / (a- F = MSAB / MSE

Nb-1)

Error (Within) SSE ab(n-1) MSE = SSE / ab(n-1) -
Total SST N-1 - -

Design of Experiments
Design of Experiments is the planned way of collecting data so that we can:
-Study the effect of one or more factors (independent variables) on a response
(dependent variable).
-Minimize error and maximize reliability of results.
-Use resources (time, money, subjects) efficiently.
In simple words: “Design of experiment is a blueprint that tells us how to collect data,

in what order, how many samples, and under what conditions.”

Warnning: Live MCQ™ -93 71<e IS0 IARIZ0 W13+ 2RI TS | Suie GO @R MG A7 JI2R ALK 8 8 TG TARE!

Join Now b [N ey @ livemca.com @ 01701377322



Live
L2 mca

AT eEfo, ST fafer

@ 1. Completely Randomized Design (CRD)

- Treatments are assigned completely at random.
Example: 3 fertilizers (A, B, C) applied randomly on 9 plots.

Plot 1 2 3 4 5 6 7

Fertilizer A B C A C B A

{4 Very simple: just random assignment.

@ 2. Randomized Block Design (RBD)

© Units are grouped into blocks, then treatments randomized inside each block.

Example: Soil type is blocking factor (2 types: Clay & Sandy). Each block gets all 3 fertilizers.

Block: Clay Soil Plot 1 Plot 2 Plot 3
Fertilizer A B C
Block: Sandy Soil Plot 4 Plot 5 Plot 6
Fertilizer B C A

4 Each block gets all treatments — reduces error from soil differences.

@ 3. Latin Square Design (LSD)

© Used when two nuisance factors need control (rows = soil, columns = irrigation).

Treatments arranged so each appears once per row & once per column.

Example: 3 fertilizers (A, B, C), Soil type = rows, Irrigation level = columns.

Soil \ Irrigation Low Medium High
Clay A B C
Sandy B C A
Loamy C A B

4 Each fertilizer appears once per row and once per column.
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I Main Types of Experimental Design

Design Explanation Real-Life Example Advantages Limitations
Completely Treatments are assigned to Testing 3 teaching Simple, easy to analyze. May be inefficient if units are
Randomized experimental units completely at methods by assigning heterogeneous (e.g. students
Design (CRD) random. students randomly to with very different
each method. backgrounds).

Randomized Units are divided into blocks (similar Fertilizers tested on Controls for variability More complex than CRD.
Block Design groups) to reduce variability, then different soil types — soil due to blocks, more
(RBD) treatments are randomly assigned type = block, fertilizer = precise.

within each block. treatment.

Latin Square
Design (LSD)

Treatments are arranged so that Comparing fertilizers Controls for two sources Needs equal numbers of

each appears once in every row and while controlling both of variation at once. rows/columns; difficult to

column, soil type (rows) and arrange.
irrigation method

(columns).

AR 9T Kge fRoem, T (Th! Tear, Rusad, 14 @3 THFHR TG SNWE QR
fafen cvea Prare Fre Ry S FIEe 7, 95 9%« TWNfeT TT—QetE (@R a3Tee
“Afa, T8 Torpiog Saey (8] AR A (TOIF 477 TPICd 92T = | AR @, A 7he
NCEE @FAE N R T Ot S0 e AR, TAGE AR G2 e, g afb
BN W A SO 2O T2&2 [Fo 2@ IR | SWRRAAFAA, 936 @FHAfTe FHeERIm
TG (@O IR FCe (oIa T 3e-a [ @o A, O AR e TH A, q
YRS FAGRE ABTo! AfoThre FAE@ T—aew @b AFTs TN [oF0lR (CoR IR
2, @ GF16 FIOW QAWM TC T | AHICE, OF2 G, Al AT A AT AR JBR
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SOl P 7 (n A W ALW), Jard A A APAife (OB A IR Pl @ft @e iy
TE CF A @R @ifte I [ Fe @ 1 Twrad fiewE, iwew ave G 29
e sare @t 9T TW—@ww T G Brra O 22w 27 Yo%, e T=7 0%, IR
WIAEF T (A 38.5%) AIFSIT FATTL TFs AR, T ALK AT (3¢%) ARITS AT |
TSI B8l 9 @A AW, W3 TTEENT WY FF AER—ALGRTS arithmetic mean >
geometric mean > harmonic mean (Af&G® (THF), ¥R F& ¢ G I PTa® vel 2
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1. Which of the following is not true for Statistics?
A) Statistics are aggregate of facts.
B) The science of collecting, organizing, analyzing, interpreting, and presenting
data.
C) All numerical statements of facts are statistics but all statistics are not
numerical statements of facts.
D) Statistics are collected for a predetermined purpose.
Answer: C
Explanation: Statistics is specifically concerned with data — how to collect it,
organize it, analyze it, interpret results, and present findings for decision-making.
Moreover, single and isolated figures are not statistics for the simple reason that
such figures are unrelated and cannot be compared. For example, the age of a student
is 20. This is not statistics. But if we consider the age of student1=22, student2=23,
student3=21, this is statistics. Besides, the purpose of collecting data must be decided
in advance. But, “C) All numerical statements of facts are statistics but all statistics
are not numerical statements of facts™ is false. Correct statement should be-
“All numerical statements of facts are not statistics, but all statistics are numerical

statements of facts”. For example, “Textile industries are growing” is not statistics.
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“Number of Textile industries increased from 250 in 2005 to 350 in 2015” is statistics.
So, statistics must be numerical. But isolated numerical number (The age of only 1
student) is not statistics.

Source: Business Statistics, S.P. Gupta, M.P. Gupta.

1. Which is NOT a/an characteristic of statistics?
A) Helps in predictive analysis B) Summarizes large data
C) Directly measures emotions like happiness D) Informed decision-making
Answer:C
Explanation: Statistics helps summarize data, make predictions, and support
decisions. But it cannot directly measure subjective internal states (like “happiness”)
with absolute precision. You can approximate emotions via surveys (Likert scales) or
proxy measures (behavioural indicators), but that is indirect and subject to
measurement error and interpretation—so C is not a true “importance” of statistics.
A, B, and D are genuine applications

Source: a) Business Statistics, Md. Abdul Aziz. b) Live MCQ Class lecture.

3. Which of the following is a limitation of statistics?
A) Purposive misuses.
B) Statistics rules are mutable.
C) Statistics gives only an overall measures
D) All of the above.

Answer:D
Explanation: Statistics helps summarize data, make predictions, and support
decisions. But it cannot measure an individual’s condition, rather gives a trend. The
average mark of a class is 60. This does not tell the condition of an individual
student. Statistical numbers can be misused. For previous example, one teacher can
say that his class is doing fine. But most of the students might get less than 30 and
average number might be 50 because some exceptional students got more than 90.
Moreover, statistics fit model and “All models are wrong, some models are useful”-
Box. The rules vary based on dataset.

Source: a) Business Statistics, Md. Abdul Aziz. b) George E.P. Box c) Live MCQ Class
lecture.

4. Which of the following is a qualitative variable?

A) Height of a person B) Blood type
C) Number of books in a library D) Weight of an object
Answer: B

Explanation: Blood type is categorical (qualitative) because it describes a quality

or characteristic without numeric measurement.
Source: a) Business Statistics, Md. Abdul Aziz. b) GifeiF oifs=e- fefws Sa 729w

5. Which scale of measurement does “1.Q. score” represent?
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A) Nominal B) Ordinal
C) Interval D) Ratio

Answer: C
Explanation: 1.Q. score has equal intervals but no true zero (Zero 1.Q. score does
not mean absence of any intelligence), so it’s interval scale.

Source: a) Business Statistics, Md. Abdul Aziz. b) Gifeie *ifs=e- fefws Sa a9+

6. Which is true for Q1?

A) 10% of data below this point B) It is equal to 25™ percentile
C) 50% of data below this point D) It is equal to median.
Answer: B

Explanation: Q1 (lower quartile) is the value below which 25% of data falls. 25
percentile also tells us same thing.
Source: Mathspace, Statistics Libre Texts, Business Statistics, Md. Abdul Aziz.

7. Which measure of central tendency is most affected by extreme values?

A) Mean B) Median
C) Mode D) Quartile
Answer: A

Explanation: The arithmetic mean uses every value in the dataset and sums them.
A single very large or very small value (an outlier) can pull the mean substantially.
Example: dataset [2, 3, 4, 5, 100] — mean = (2+3+4+5+100)/5 = 114/5 = 22.8, which is
far from the “center” of the lower four numbers. The median (middle value) would
be 4, which is not affected by the 100 as much.

Source: a) Basic Statistics, B.L. Agarwal b) Live MCQ class lecture

8. In a stem-and-leaf plot, the “stem” represents:

A) The last digit B) The leading digit(s)
C) The frequency D) The midpoint of class intervals
Answer: B

Explanation: A stem-and-leaf plot shows each data value split into a stem (leading
part) and leaf (final digit). Example dataset: 12, 14, 17, 21, 23 — Stem | Leaf
1247
2]13
Here stems are the tens (1, 2) and leaves are unit digits (2,4,7...). This preserves
raw data while showing distribution.
Source: a) Business Statistics, Md. Abdul Aziz.

9. A cyclist travels 40 km at 20 km/h and then another 40 km at 40 km/h.
Find the average speed.
A) 30 km/h
B) 26.67 km/h
C) 40km/h

D) None of above
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Answer: B
Explanation: Formula of Harmonic mean will be used here because distance is
same and speed unequal.

Solution: The Harmonic Mean (HM) formula is:

For n numbers X;,X;,Xs,...,Xn:

HM= n/(1/x;+1/x,...)

So, HM= 2/(1/20+1/40)=2/(0.05+0.025)=2/0.075=26.67km/h

10. Find geometric mean of the numbers 2,4,8.

E) 2

F) 4

G) 6

H) None of above
I) Ans:B

Explanation: GM= (x5, *%s... %) ™
Here, GM= (2*4%8)"/?=64"/"=4
11. If AM=15, and GM=12 for two positive numbers, what is the value of HM?
(@) 9.6 (b) 8
(c) 94 (d) 9.2
Answer: (a) 9.6
Explanation:
For two positive numbers we know:
AM*HM.=(G.M)*
So, HM= G.M.’/A.M.=144/15=9.6
12. The mean height of 50 men is 175 cm, and the mean height of 70 women is 165

cm. What is the combined mean height?

(a) 169 cm (b) 169.16 cm
(c) 170 cm (d) 170.6 cm
Answer: (b) 169.16 cm

Explanation:

e Combined mean = (i * xi” + n2 * x27) / (1 + no):

o i Number of data points in the first group.
o X;: Mean of the first group.
o na: Number of data points in the second group.

o X2: Mean of the second group.
Combined mean= (50*175+70*165)/(50+70)=20300/120=169.16
13. Monthly incomes (in $) of 8 workers are:
2000, 2200, 2400, 2600, 2800, 3400,3000, 3200.
Find Q3 using the formula.
A) 4.5
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B) 5.5
C) 65
D) None of the above
Ans. D.
Explanation:
First, we have to rearrange the number in ascending order. we get,
2000, 2200, 2400, 2600, 2800, 3000, 3200, 3400.
Now, Qk=k(n+1)/4
So, Q3=3(8+1)/4=27/4=6.75. So, Q3 is between 6™ and 7™ value.
Q3 = 3000 + 0.75 x (3200 - 3000) = 3000 + 150 = 3150

14. If the coefficient of variation (CV) of dataset A is 15% and of dataset B is 20%,
which dataset is more consistent? (I (GBIG A @F CV 3¢% G (BTG B @F
CV 0% TF, SIFA (& (SO0 @ ANerya|?)

A) Dataset A (CTBITTG A)

B) Dataset B (C®BIGT0 B)

C) Both are equally consistent (T512 TSI A7)

D) Can't be determined (Fde Fat @ =)

Ans. A

Explanation:
The coefficient of variation is used to compare two or more data sets. A lower CV
indicates
less relative variability and therefore more consistency.

Source: Investopedia

15. What does a positively skewed distribution indicate?

A) Mean < Median B) Mean = Median = Mode
C) Mean>Median D) None of the above.
Ans. C

Explanation:

In a positively skewed distribution, the tail is on the right side, so the mean is greater
than the median.

A positively skewed distribution, also known as a right-skewed distribution, is
characterized by most of the data being concentrated on the left side, with a long
tail extending to the right.

This type of distribution is asymmetrical and often occurs in real-world scenarios such

as income levels, stock returns, and hospital stay durations.
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16. What type of kurtosis is indicated by a sharp peak and heavy tails? (sharp peak
@32 heavy tails @RI (I LA FICBIE fATi= F1 =27?)

A) Mesokurtic B) Platykurtic
C) Leptokurtic D) Normal kurtosis
Ans. C

Explanation:

Leptokurtic distributions have sharper peaks and heavier tails compared to a normal
distribution, indicating more extreme values.

Here are the definitions of leptokurtic, mesokurtic, and platykurtic distributions:
Leptokurtic: Distributions with high kurtosis (fat tails) that are more outlier-prone than
a normal distribution.

They have a sharper peak and heavier tails, indicating more values in the tails and
closer to the mean.

Mesokurtic: Distributions with medium kurtosis (normal distribution).

They have a moderate peak and tails, similar to the normal distribution.
Platykurtic: Distributions with low kurtosis (thin tails) that are less outlier-prone than
a normal distribution.

They have a flatter peak and lighter tails, indicating fewer values in the tails.

Mesokurtic
(Normal) Leptokurtic Platykurtic
K=0 K>0 <0
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17. A dataset has mean = 50 and standard deviation = 5. What is the coefficient

of variation (CV) expressed as a percentage?

A) 5% B) 15%
C) 25% D) None
Ans. D

Explanation:

CV (%) = (SD / Mean) x 100.

SD / Mean = 5 + 50 = 0.1

0.1 x 100 = 10%.

18. For a normal distribution with mean = 100 and standard deviation = 10,
approximately what proportion of the data lies between 90 and 1107 (9% = Yoo €3
RS = Yo A, AW F© i ©Y Ho-ddo &F WG AF?)

F) 50% ) 68%
) 95% <) 99.7%
Ans. B

Explanation:

In a normal (bell-shaped) distribution, the empirical (68-95-99.7) rule says about 68% of

observations lie within +1 SD of the mean.Here, 90-110 is mean +10 (*1 SD), so ~68%.

Empirical Rule

A
=)
%)
R

n
©
©
1
N~
o
\

I T I I
-3 -2 -1 L 1 2 3

Num ber of Standard Deviations Above or Below the Mean
19. Using Chebyshev’s inequality, at least what percentage of observations lie
within 1.5 standard deviations of the mean for any distribution? (SRISISERSREISIE
JARF I, @I distribution 9T T AT (ACF 5.¢ FPled Mg F© *Ii¥ observation
ACH?)
F) 44.44%
) 55.56%
%) 66.67%
9) 75.00%
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Ans. B
Explanation :
Chebyshev rule uses the formula : 1-(1/k?) to find the minimum proportion of data
within k standard deviation. (where k must be greater than 1)
Here,
k=1.5
s0, k’=1.5x1.5=2.25.
Then, 1-1/2.25=1-0.444...=0.555...— rounded = 55.56%.
20. When Standard deviation takes the value 0?
(a) When all the observations are non zero
(b) When all the observations are positive
(c) When all the observations are equal
(d) None
Answer: (¢)
Explanation: Let three observations 7,7,7. There is no dispersion from mean, hence
standard deviation equals 0.
21. Given Central moments: p2=16, u3=64, p4=1536, which of the following is
correct?
(a) The distribution is negatively skewed (long left tail) and leptokurtic (sharply
peaked).
(b) The distribution is positively skewed (long right tail) and leptokurtic (sharply
peaked).
(c) The distribution is positively skewed (long right tail) and mesokurtic (normal like).
(d) Not enough information given to decide shape and peakedness.
Answer: (b)
Explanation:

Given: g = 16, p3z = 64, pg = 1536
e Skewness:

64 64
16%2 64

71

e Kurtosis:
1536 1536
162 256
- Description: The distribution is positively skewed (long right tail) and leptokurtic
(sharply peaked).
22.A dataset has variance u2= 4 and fourth central moment p4= 150. Find Pearson’s
kurtosis and classify the distribution.
A) 9.375 — Platykurtic
B) 9.375 — Leptokurtic
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C) 4.25 — Mesokurtic
D) 3.75 — Leptokurtic
Ans (B)
Explanation:
B2 = /1’
= 150/4°
= 150/16
=9.375
Since B2 > 3, the distribution is Leptokurtic (heavier tails than normal).
Basic definition of Kurtosis states that a distribution is leptokurtic if B, > 3.
23.Given grouped data with mean = 50, median = 48, and standard deviation = 5,
calculate Pearson’s coefficient of skewness (median-based) [ ¢ = ¢o, YLF = 8y A2
RpIf® = ¢, Pearson’s coefficient of skewness (median-based e <]

(A) 1.20 (B) 0.80
(C) -1.20 (D) -0.80
Explanation:

Formula:

Skewness = 3(Mean-Median)/o

= 3(50-48)/5 = 1.20

24, The arithmetic mean of 10 numbers is 25. If each number is increased by 5, the
new mean will be:

a) 20 b) 25 c) 30 d) 35

Answer: c) 30

Explanation: New mean = old mean + increase = 25 + 5 = 30. Shifting data by a

constant increases mean by that constant.

25. Which measure of dispersion is most sensitive to extreme values?
a) Interquartile Range b) Range
c) Mean d) Both b and ¢

Answer: b) Range

Explanation: Range = Max - Min, depends only on extreme values. Variance & SD are
influenced but not solely determined by extremes. Mean is a measurement of central
tendency, not dispersion.

26. A histogram is most suitable for representing:

a) Qualitative data

b) Discrete frequency distribution

c) Continuous frequency distribution

d) Time series data

Answer: c) Continuous frequency distribution

Explanation: Histogram shows frequencies of continuous intervals as adjacent

rectangles.

Warnning: Live MCQ™ -93 578 STo0 IPRI135 W3 741 JAFS | Safs ISR @IS MG 97 I D20 a8 8 A 7!

JoinNow b LR e @ livemcgcom @ 01701377322



Live
L Mca

AT eEfo, ST fafer

27. Which of the following is a common error in questionnaire design?

a) Using mutually exclusive categories

b) Using double-barreled questions

c) Keeping questions short and simple

d) Ensuring anonymity

Answer: b) Using double-barreled questions

Explanation: Double-barreled (two questions in one) confuses respondents and biases
results. Another error is leading question.

XDouble-Barreled Question

(7 A single question that actually asks two things at once, but only allows one answer.
Example:

“Do you think the government should increase spending on education and healthcare?”
Problem: Education and healthcare are two separate issues. A respondent might support
one but not the other.

“How satisfied are you with your salary and job security?”

Problem: Salary and job security are different things, but only one answer option.
7 Better version:

“Do you think the government should increase spending on education?”

“Do you think the government should increase spending on healthcare?”

X Leading Question

(7 A question that suggests or influences a particular answer, often biased.

Example:

“Don’t you agree that our company provides the best customer service?”

Problem: It suggests that the company already provides the best service.

“Since this policy is unfair, do you think it should be changed?”

Problem: The wording “unfair” already pushes the respondent toward “Yes”.

7 Better version:

“How would you rate our company’s customer service compared to competitors?”
“What is your opinion about the new policy?”

(7 Double-barreled = two questions in one

(7 Leading = biasing the answer with wording

28. If mean > median > mode, the distribution is:

a) Symmetrical

b) Negatively skewed

c) Positively skewed

d) Leptokurtic

Answer: c) Positively skewed

Explanation: In positive skew, tail on right — Mean > Median > Mode.

29. A distribution with kurtosis B, < 3 is called:

a) Mesokurtic b) Leptokurtic
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c) Platykurtic d) Skewed
Answer: c) Platykurtic
Explanation:
B2 = 3 — Normal (Mesokurtic)
B2 > 3 — Leptokurtic (peaked)
B2 < 3 — Platykurtic (flat).
30. In a moderately skewed distribution, which is the best measure of central
tendency?
a) Mean b) Median
c) Mode d) Geometric Mean

&/ Answer: b) Median

Mean (average) is heavily affected by extreme values (outliers).

In a skewed distribution, the mean gets pulled in the direction of the skew.
Example: In income data, a few billionaires make the average (mean) much higher than
the “typical” income.

Mode is just the most frequent value.

It is not always unique and can be misleading in continuous or irregular distributions.
Geometric Mean is useful mainly for growth rates, ratios, or percentages—not for
skewed raw data.

Median (middle value) is not influenced by extremes.

It divides the dataset into two equal halves.

In skewed data, it better represents the “typical” observation.

»# Rule of thumb:

Symmetrical data — Mean, Median, Mode =~ same.

Moderately skewed data — Median is preferred.

Heavily skewed data — Median or sometimes Mode (if meaningful).

Example (Skewed Income Data):

Data: 20k, 22k, 25k, 28k, 30k, 500k (an outlier)

Mean = 105,833 — too high, distorted by the outlier.

Median = 26.5k — represents “typical” worker better.

Mode — not very meaningful here.

So, Median = best choice in skewed data.

31. Given data: 5, 10, 15, 20, 25. Find variance.

a) 50 b) 62.5 c) 40 d) 25
Answer: b) 62.5

Explanation:

Mean = 15.

2(x-%)? = (100+25+0+25+100)=250.

Variance = 250/4 = 62.5 (population).

Warnning: Live MCQ™ -93 578 STo0 IPRI135 W3 741 JAFS | Safs ISR @IS MG 97 I D20 a8 8 A 7!

JoinNow b LR e @ livemcgcom @ 01701377322



Live
L Mca

133 T, > faafer
32. Cumulative frequency curve is also known as:
a) Histogram b) Ogive
¢) Scatter plot d) Frequency polygon

Answer: b) Ogive

Explanation: Ogive shows cumulative frequencies, useful for medians and percentiles.
An ogive is a cumulative frequency curve.

It plots cumulative frequencies (CF) against class boundaries.

Two types exist:

Less than Ogive — shows cumulative frequency up to a value.

More than Ogive — shows cumulative frequency greater than or equal to a value.
¢ Why Ogive helps with Median

Median = middle value (50th percentile).

On the ogive graph:

Find N/2 (where N = total frequency).

Draw a horizontal line from N/2 on the Y-axis until it meets the ogive.

Drop a vertical line down to the X-axis.

The corresponding X value is the median.

(¢ This works because the ogive shows how many observations are up to a certain
point, so the middle point can be located graphically.

¢ Why Ogive helps with Percentiles / Quartiles

Percentile = value below which a certain % of data lies.

Example: 25th percentile (Q1) = value below which 25% of data lies.

On ogive:

Mark 0.25N, 0.50N, 0.75N on Y-axis (for Q1, Q2, Q3).

Draw horizontals to the ogive, then verticals to X-axis.

The X values are the quartiles/percentiles.

¢ Quick Example

Suppose we have exam scores of 100 students, and we draw an ogive.

Total frequency = 100

To find Median (50th percentile) — mark 50 on Y-axis — go to curve — drop to X —
median score.

To find Q1 (25th percentile) — mark 25 — repeat.

To find Q3 (75th percentile) — mark 75 — repeat.

Thus, ogive converts cumulative frequency into a graphical tool for locating median,

quartiles, percentiles.
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Ogive Curve with Median and Quartiles

100 | == Ogive [CF Curve
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60

Cumulative Frequency
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10 20 0 a0 50 60 70 80
Class Boundaries (e.g., Marks)

33. A distribution has Mean = 60, Median = 50, Mode = 40. What type of skewness?
a) Symmetrical b) Negatively skewed

c) Positively skewed d) Normal

Answer: c) Positively skewed

Explanation: Mean > Median > Mode — Positive skew.

34, If the fourth central moment p, = 400 and variance = 25, what is B?
a) 2.56 b) 3 c) 2 d) 0.64
Answer: d) 0.64

Explanation: B, = p, / (u2)* = 400 / (25%) = 400 / 625 = 0.64

Here, Variance=[,.

35. Coefficient of variation (CV) is useful for:

a) Comparing variability between datasets with different units

b) Finding absolute dispersion

¢) Constructing frequency polygon

d) Detecting skewness

Answer: a) Comparing variability between datasets with different units

Explanation: CV = (SD/Mean)x100 removes units — relative measure.

36. Which mean is most suitable for averaging rates (like speed, efficiency)?
a) Arithmetic Mean b) Geometric Mean
c) Harmonic Mean d) Median

Answer: ¢) Harmonic Mean

Explanation: HM = suitable for rates, ratios.

37. Suppose a histogram of exam scores shows a U-shaped distribution (two
peaks). Which of the following is most correct?

a) Data is positively skewed. b) Data is negatively skewed.

c) Data is bimodal. d) Data is mesokurtic.

Answer: c) Data is bimodal.

Explanation: Two peaks (modes) — bimodal. Skewness describes asymmetry, kurtosis

describes peakedness, but “U-shape” suggests bimodal.
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38. A question asks:

"How much do you agree that our innovative new product is superior to all

competitors?”

This question suffers from:

a) Double-barreled error b) Leading wording bias

c) Social desirability bias d) Non-response error

Answer: b) Leading wording bias

Explanation: The phrase “innovative new product” and “superior” suggest a positive

answer. The wording itself biases the response.

39. Two distributions have the same mean and variance, but different coefficients of
variation (CV). What can you conclude?

a) CV must be the same if variance is same.

b) The distribution with lower mean has higher CV.

¢) The distribution with higher mean has higher CV.

d) Nothing can be concluded.

Answer: b) The distribution with lower mean has higher CV.

Explanation: CV = SD/Mean. If SD is same but mean differs — smaller mean — larger

CV (greater relative variability).

40. A dataset has extreme positive outliers, but the researcher insists on using the

mean instead of the median. Which statistical adjustment would make the mean more

reliable?
a) Use geometric mean b) Winsorizing (trimming extreme values)
c) Replace mean with mode d) Increase sample size

Answer: b) Winsorizing

Explanation: Winsorizing reduces the effect of outliers by replacing extreme values
with the nearest non-extreme values. This makes mean less distorted in skewed
distributions.

41. A dataset has: Mean = 50, Median = 40, SD = 20. Using Pearson’s second
coefficient of skewness: Sk=3(Mean-Median)/SD

Find skewness and interpret.

a) +1.5 — moderately positively skewed

b) -1.5 — moderately negatively skewed

c) +0.75 — positively skewed

d) 0 — symmetric

Answer: a) +1.5 — moderately positively skewed

Explanation:

sk=3(50-40)/20=1.5

Since it’s positive — distribution has a long right tail (positively skewed).

42, Which chart is best when there are many categories?

(a) Bar Chart
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(b) Pie Chart
(©) Histogram
(d) None
If Categories Are Many:
Bar Chart
Preferred when categories are many.
Each bar represents one category — still readable even if you have 15-20 categories
(though better to keep <12 for clarity).
Can be sorted (descending order) to improve readability.
Pie Chart
X Not preferred when categories are many (more than ~6-7).
Becomes crowded, slices too small to interpret.
Histogram
Works for continuous data, not categorical.

So not relevant here.
43, Class intervals (Marks): 0-10, 10-20, 20-30, 30-40, 40-50

Frequencies: 5, 12, 18, 14, 6
Calculate Mode and Median from the data.

A) Mode=23 , median= 23.5
B) Mode= 26, Median=27

C) Mode=26 , Median= 25.83
D) None

Ans. C

e Modal class = 20-30 (highest frequency = 18)
e L—20f1=18 fo—=12, fo =14, h = 10

(18 — 12)
Mode — 20 10
oce T —12-19) ~
6
— 204 — %10
T36_26 "

6
—20+l—;x10—20+6—26

Median: Data (class intervals & frequencies)
0-10 —» 5

10-20 — 12

20-30 — 18
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30-40 — 14

40-50 — 6

(7 Total frequency N=5+12+18+14+6=55.
Step 1: Find cumulative frequencies
0-10 —» 5

10-20 —» 5 + 12 = 17

20-30 — 17 + 18 = 35

30-40 — 35 + 14 = 49

40-50 — 49 + 6 = 55

Step 2: Locate Median class
N/2=55/2=27.5.

The 27.5th value lies in the 20-30 class (since CF before it is 17, and CF after it is 35).
So, Median class = 20-30.

¢ Step 3: Apply Median formula

N
N CFye

Median = L + x h
f
Where:
e L — 20 (lower boundary of median class)
e N/2=275
o CFprep = 17 (cumulative frequency before median class)

e [ — 18 (frequency of median class)
e h — 10 (class width)

¢ Step 4: Substitute values

27.5 — 17
Median = 20 + (T) x 10

10.5
— 20 10
-+ ( 13 ) X

= 20 + 5.83 = 25.83

44, In the equation Y=a+bX, what does b represent?

(a) Intercept (b) Regression coefficient
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(c) Correlation coefficient (d) Error term
Answer: (b)

Explanation: b is the slope, indicating change in Y per unit change in X.
45, If r = -0.95, then:

(a) Strong positive correlation (b) Weak negative correlation
(c) Strong negative correlation (d) No correlation
Answer: (¢)

Explanation: -0.95 is close to -1, indicating a strong negative linear relation.

46. Pearson’s correlation coefficient measures:

(a) Association between two variables (b) Causation between two variables
(c) Difference between means (d) Both a and b

Answer: (a)

Explanation: Correlation measures association, not causation.

47, Which method is commonly used to estimate regression coefficients?
(a) Maximum likelihood

(b) Least squares

(c) Chi-square

(d) z-test

Answer: (b)

Explanation: Least squares minimizes the sum of squared errors.

48, Which statement is true?

A) A correlation of 0.8 implies X causes Y.

B) Pearson’s r measures monotonic relationships only.

C) A high R? always means the model is valid.

D) Pearson’s r does not imply causation.

Answer: D

Explanation: Pearson’s r does not imply causation, It reflects association.
49, Partial correlation measures:

A) Total effect of X on Y

B) Effect of X on Y, controlling for Z

C) Correlation between X and Z

D) None of the above

Answer: B

Partial correlation (r_xy.z) measures association between X and Y holding Z constant.
50. Adjusted R? is preferred over R* when:

a) The number of predictors increases

b) We have only one predictor

c) R? is negative

~ o~ o~ o~

d) Sample size is zero
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Answer: (a)

Explanation: Adjusted R? corrects for the inflation in R? caused by adding predictors.

51. If the correlation coefficient (r) between two variables is -0.85, which of the
following statements is correct? (3™ gf6 5eltF= T correlation coefficient -0.85 27,
S e @Il A7)

) The relationship between the two variables is weak and positive. (7> veTCRd Wy
TE T IR )

%) The relationship between the two variables is strong and positive. (46 st W&y
TR S G {ATEP)

%) The relationship between the two variables is strong and negative. (30 5etFg 4
TR HfEE @R YeATeT)

9) There is no relationship between the two variables. (7> BeTCRR W& (FICAT TAF (713)
Ans. C

The correlation coefficient (r) ranges from -1 to +1. The closer [r| is to 1, the stronger
the relationship. Here, r = -0.85 indicates a strong negative correlation.

Source: Applied General Statistics. Coxton and Crowden.

52. If the correlation coefficient (r) between study hours and exam score is 0, what
does this imply? (I @& ¥ €32 FFF THCIF N correlation coefficient 0 2F,
OIE U9 7l [ @R?)

<) Studying more hours causes better scores. (@ *IGITAIl A= Sl 777 SAICH)

) There is no linear relationship between study hours and exam score. (FCICHIFE =
@ AJFFR THCAF N (DA linear K (3)

%) There may still have a non-linear relationship. (STt ST non-linear ¥ AFTS
M)

¥) Both b,c

Ans. D

When r = 0, there is no linear correlation between the variables, but they may still
have a non-linear relationship. Correlation would be called non linear if the amount of
change in one variable does not bear a constant ratio to the amount of change in the
other variable. For example, if we double the amount of rainfall, the production of rice
would not necessarily be doubled. It may be pointed out that in most practical cases
we find a non linear relationship between the variables.

Source: Business Statistics, SP Gupta, MP Gupta.

53. Two variables X and Y have a correlation coefficient r = 0.9. What percentage
of the variation in Y can be explained by X? (A" X @32 Y BeTCFa & correlation
coefficient 0.9 TF, O Y A7 F© *0ie*l e X AR I F<1 IA?)

JF) 81%

) 90%

) 95%

9) 99%
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Ans. A
The coefficient of determination R? = r? x 100% = (0.9)®> x 100% = 81%. This means that
81% of the variation in the dependent variable has been explained by the independent
variable. The maximum value r2 can take is 1. Not more than 1. Because r2=1 means all
the variation is captured, not more than this variation can be achieved.
Source: Business Statistics, SP Gupta, MP Gupta, Live MCQ class lecture.
54.  Ifr_xy = 0.6, 0_x = 10 and o_y = 15, what is Cov(X,Y)? (@ r_x, = 0.6, 6_x = 10
A2 o_y = 15 T, O Cov(X,Y) F9?)
) 90 ) 60 %) 150 9) 0.4
Ans. A
Using r = Cov(X,Y)/(0_x x 0_y),

s0, Cov(X,Y) = rx(o_x x 0_y)
= 0.6 x 10 x 15 = 90.

55. Which of the following correlation measures is most suitable when the data is
ordinal and may have ties? (TI6! G (ordinal) 20ET @32 AN (ties) AFE &
correlation measures I '@‘ﬂ@?)
F) Pearson’s r (FPRITEE 1)
¥) Spearman’s p (PRI p)
%) Regression slope (Rt i)
9) Coefficient of determination (f€i@e 72=)
Ans. B
Explanation: Spearman’s rank correlation uses ranked data, making it suitable for
ordinal variables and capable of handling tied ranks.
Why Spearman’s ??
p: It’s a rank-based (non-parametric) measure—replace values with ranks and correlate
the ranks. That makes it appropriate for ordinal data and more robust to outliers and
certain nonlinear monotonic patterns.
Why not Pearson’s ??
r: Pearson assumes roughly interval/ratio scale and linearity; using it on purely ordinal
data can be misleading.

56. In, Y = 2.5-0.7X, what does the slope indicate? (Y = 2.5 - 0.7X ANFAA BT
T F QRIT?)

F) A unit increase in X reduces Y by 0.7 (on average) (X 9F AFF AT ICT Y @S WA
0.7 3 @)

¥) A unit increase in X increases Y by 0.7 (X ¥ OFSF T Y A W 0.7 (0T )

%) Change in X when Y changes by one (Y 43 3% T X GF e F© )
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¥) The correlation between X and Y (X @32 Y @F N4 correlation )
Ans. A

Interpretation: In the simple linear model

Y = a + bX,

b is the regression coefficient (slope)—the expected change in Y for a one-unit increase

in X, holding the model fixed. A negative b means an inverse relationship: as X rises, Y

falls on average.

57. A researcher finds a high positive correlation (r = 0.92) between the number of

ice creams sold and the number of drowning incidents in a city. Which of the

following is the most valid conclusion? (43F& *3aF 43 #1202 e e wigvfawm=
&l @I2 drowning incident @ W& high positive correlation (r = 0.92) TR A1 | W&

feos @G R Iesrre ?2)

<) Eating ice cream causes drowning. (EAET ASA drowning A FF)

¥) Drowning incidents cause people to buy ice cream (drowning @3 ¥6 NI
giAfGy fFace a@ive IF)

%) Both are likely influenced by a lurking variable such as temperature ($®72 ®l*N@R
sl 936 lurking variable @141 greife)

¥) The data must be wrong because correlation cannot be that high. (TIoT o=, I
ARE @© @M TS AT )

Ans. C

Correlation does not imply causation. Here, both variables are likely related to hot
weather — more ice creams are sold, and more people swim, increasing drowning risk.
This is a classic example of spurious correlation caused by a third variable.

58. Which of the following is not an assumption of the classical simple linear
regression model?

(fsfeife MG classical simple linear regression NG S 7?)

) The relationship between X and Y is linear (X @32 Y 49 ¢4y ™9 linear)

¥) Residuals have constant variance (homoscedasticity) (SIIM*8I*F constant variance
(homoscedasticity) tF )

%) Residuals are normally distributed for all values of X (37 X WCH &= SRBI Frelfq
o)

¥) The correlation between X and Y is exactly 1 (X €32 Y 49 (K TR 2o 5 1)
Ans. D

Classical regression assumptions include:
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Linearity between X and Y

Homoscedasticity of residuals

Independence of residuals

Normality of residuals (for inference)

Perfect correlation (r=t1) is not an assumption; in fact, perfect correlation would be
problematic because it would make predictions exact with no error (which rarely occurs
in reality).

Source: Regression Analysis, Montogomery.

59, Given the ASFRs below for a population, calculate the TFR: Age Group-(15-19);
ASFR=0.05, Age Group-(20-24); ASFR=0.21, Age Group-(25-29); ASFR=0.29, Age Group-(30-
34); ASFR=0.19, Age Group-(35-39); ASFR=0.09, Age Group-(40-44); ASFR=0.03, Age Group-
(45-49); ASFR=0.01.

A) 2.4 B) 3.8 C) 5.0 D) 4.35

Ans. D

We have to add all ASFRs: 0.05 + 0.21 + 0.29 + 0.19 + 0.09 + 0.03 + 0.01 = 0.87
Multiplying by 5: TFR = 0.87 x 5 = 4.35

Interpretation: Each woman is expected to give birth to around 4 children — indicating
a high fertility population.

60. If a country has Crude Birth Rate (CBR) = 30 per 1,000 and Crude Death Rate
(CDR) = 10 per 1,000, what is the Natural Growth Rate (NGR)?

(2fS 1000 &Y CBR = 30, CDR = 10 X, NGR F9?)

F) 2% ) 20% 1) 3% 9) 4%

Ans. A

Natural Growth Rate = CBR - CDR

Here, Natural Growth Rate = (30/1000) - (10/1000)

=0.03 - 0.01

=0.02

= 2%

61. If in a population GRR = NRR, what does it indicate?(3@ GRR = NRR 2, ©d 47
A F?)

A) The average number of children per woman is decreasing (2fS FIHE TT T A2l
FR)

B) All women survive through the reproductive age(3 A AT T AT FACR)

C) The fertility rate is very low(&= 2% Y42 F)

D) Mortality rate is high (T2 &*)

Ans. B

GRR (Gross Reproduction Rate): @Bl @RIF, “aFeH IAREF Cd GRAIIE F© (A TSI
2 YR ST AW TSN G (ASFR) @R ACH 17 G2 TA AR (mortality) Feai
A
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NRR (Net Reproduction Rate): €BI (@R, “OF& AR A GRASIEA F© (X TS >
G ATATRIN THET (AR 1”7 G TP AR 411 2 |
T GRR = NRR 2, O @ 0T ZC:
NRE ATHTRI I~ TR (@06 AR, @ Ty el | wefie, Tqeess T Fwma
A (FTL B IR0 I AT (1 T wefe 49 IR 77 AL® W AR Al
GRR considers only fertility, while NRR accounts for both fertility and mortality. If GRR
= NRR, mortality has no effect, meaning all women survive through their reproductive
years.
62. The Crude Birth Rate (CBR) of a town is 25 per 1,000 population. If the total
population is 80,000, how many births occurred in that year?
(CBR = &fS 1000 S 25 & ; TPl = 80,000 | 83 IR IO S S 2AACR?)
<) 2,000 <) 2500 %) 3000 ) 3500
Ans. A
Explanation: CBR = (Births / Total population) x 1,000
— Births = (25 = 80,000) / 1,000
= 2,000.
63. Which rate considers only live female births expected per woman? (/9 =6
@G 2fe IR Aei*e G IO TR T [{EIo FCR?)
F) TFR <) CBR %) GRR 9) CDR
Ans. D
Gross Reproduction Rate estimates daughters a woman will have assuming no mortality.
It is more refined version than TFR.
64. The annual population growth rate of a country is 2%. Using the Rule of 70, what
is the approximate doubling time of the population? (If¥F TRy e = W 2% 27,
S Rule of 70 SRR SRl fawe 2 F© I2F FNE?)

A) 35 years (9¢ I29) B) 50 years (¢o I=2J)
C) 70 years(do 929) D) 14 years(38 I%23)
Ans. A

Explanation:

Population doubling time = 70 / growth rate (%)
Doubling time = 70/2

= 35 years

65. Which fertility measure is the most refined version among all the
measures?(fTHRE® (@4 Fertility Measure JC50 5T 4l refined?)

JF) ASFR %) CBR ) GRR 9) NRR

Ans. D

Each measure is a refined version of the previous one:
CBR — GFR — ASFR — TFR — GRR — NRR; They move from general to specific,

becoming more accurate and meaningful for demographic analysis.
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66. Which statement is TRUE regarding Age-Specific Fertility Rate (ASFR)? (Age-
Specific Fertility Rate (ASFR) ™G (@5 3119%7?)

) It is always less than Gross Reproduction Rate (46 34917 GRR @3 (50X %)

%) It is unaffected by women’s reproductive age(«ft T 2ewe T ==l 2felie w3)

) It refers to female births per 1,000 women in a specific age group (46 FfW2 TzETABITS
#fS Sooo A & T T WA FH)

9) None ((FICT52 77)

Ans. D

ASFR is calculated for specific reproductive 7 age groups (e.g. 15-19, 20-24, 25-29, 30-34,
35-39, 40-44, 45-49).

It refers to live births (both boy and girl) per 1,000 women in a specific age group, not
female births only.

It is always more than GRR because GRR only considers female births.

67. If the Net Reproduction Rate (NRR) is equal to 1, then: (NRR ¥ 1 2, ©(3 «F
AT F1?)

) Population will reduce to half (T2 WEF 20F)

%) Each generation of mothers is exactly reproducing itself (25 e etz Afowena
eifegIom TA0R)

%) Population will triple in next generation (Sl forae 2cq)

9) There is zero female birth ((FIt Fwife T ooz =)

Ans. B

Explanation: NRR=1 indicates each generation of mothers is exactly reproducing and
hence replacing itself. It interprets a population stability in the long run.

NRR<1 interprets a population decline in the long run.

NRR>1 interprets a population growth in the long run.

68. Given: Women aged 20-24 = 5,000; Births to them in a year = 400. Find ASFR (per
1,000 women).(CAS! BTE: 20-24 I= A K = 5,000; W = 400 | ASFR &fS 1,000 7 F©

?@?)

A) 50 B) 80

C) 40 D) None of the above
Ans. B

ASFR considers 7 age structures (15-19,20-24, 25-29, 30-34, 35-39, 40-44, 45-49).

They calculate fertility rates for each age group.

Formula of ASFR (for age group i ) = (Births of age group i / Women age group i) x 1,000
= (400/ 5,000) x 1,000

= 80. (Here, i= 20-24)

69. Main purpose of Index Numbers is: (Index Numbers-&3 & Sra=jj 17?)

%) study changes over time(FT¥ SRR ARTS SL)

%) Predict population (&2l 7Je)

) Economic forecasting (@ffes ‘Pjﬁ/‘!@?{)
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9) Both a,c (TS, & @ )

Ans. D

Index numbers are like economic barometer. They measure the change of price, quantity,
value etc. over time. They are useful in calculating Consumer price index/cost of living
index. They measure relative change in variables and thus give important insights on
economy.

70. An NRR of 0.7 implies:
) Rapid population growth (@® eyl Jfan)

%) Each generation is replacing 170% of itself (2fefs efer Mrawas 170% @fegieM F=Cz )
%) Each generation is replacing 70% of itself (2ifefs efer freens 70% @fogi7H = )
9) Each generation is replacing 1.7 of itself (2fsfb eer fremma 1.7 wd afegis TR )
Ans.C

Explanation: NRR = Less than 1 means reduction in size over generations.

Here, the replacement level is less than 1, which interprets that, population will decrease.
71. Which of the following best explains Fisher’s Ideal Index Number?

(69 @9 @141 Fisher's Ideal Index Number Q0@ ©ITETGIE (@RI T3?)
) It is simply the arithmetic mean of Laspeyres and Paasche indices

(afS FHHACE € Paasche BISE fififes )

) 1t is the geometric mean of Laspeyres and Paasche indices

(4fS TR @ Paasche Jbtae TS “T)

) It passes both time reversal and factor reversal tests

(time reversal 8 factor reversal “9rF¥ Taidf 27)
9) Both b, ¢ (¥ 8 9 Tox3)
Ans. D

Explanation:

Fisher’s Ideal Index is called ideal because it overcomes the bias of both Laspeyres’ (base
year weighted) and Paasche’s (current year weighted) indices by taking their geometric
mean, satisfying time reversal and factor reversal tests.
Time reversal test- An index number formula should give consistent results over time. If
we reverse the time period (swap base year and current year), the product of the two
index numbers should be 1 (or 100, depending on scale).

Mathematically:
Py1xP1p=1
where, P01= price index from time 0 to 1
P10= price index from time 1 back to 0

Interpretation:

If an index satisfies this test, it means it is time-consistent — the upward change going
forward should be exactly offset by the backward change.
Which index passes?
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Fisher’s Ideal Index satisfies the time reversal test, whereas Laspeyres’ and Paasche’s
indices do not, due to their fixed weighting systems.

Factor reversal test- This test checks whether the price index multiplied by the quantity
index equals the value index (i.e., the change in total monetary value from base period
to current period).

Mathematically:

Po1*Qo1=Vou

Interpretation:

If a formula passes this test, it means it measures price and quantity changes without
leaving any part unexplained, perfectly decomposing the change in total value.

Which index passes?

Again, Fisher’s Ideal Index satisfies this test, while Laspeyres’ and Paasche’s indices do
not.

Source: Statistics, HSC, Md. Abdul Aziz.

S.P. Gupta, Statistical Methods, 50th Edition, 2020

M.P. Gupta, Fundamentals of Statistics, 2018

72.Which of the following statements is true about GRR and NRR?

A) NRR is always greater than GRR

B) GRR accounts for mortality, NRR does not

C) NRR is always less than or equal to GRR

D) GRR measures both male and female births

Correct Answer: C

73.An index number of 150 means:

A. Price increased by 50% B. Price decreased by 50%

C. Price doubled D. Price stayed the same

Ans. A

Explanation: Index = 150 means prices are 50% higher compared to the base year (base =
100).

74.In Paasche index, quantities are taken from:

A. Base Year B. Current Year

C. Average of base and current D. None of these

Ans. B

Explanation: Paasche uses current year quantities as weights

75. Which index number method is the geometric mean of Laspeyres and Paasche?
A. Marshall-Edgeworth

B. Fisher’s

C. Bowley’s

D. Kelly’s

Ans. B
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Explanation: Fisher’s Ideal Index = \/(Laspeyres x Paasche). It is called "ideal" because it
balances both methods. It balances upward bias of L and Downward bias of P.
76.Nuptiality refers to: (Nuptiality I1C® (IRITI-)

) The study of fertility and birth rates (&9 FIo! ¢ TR RAFP CI7AT)

¥) The death rate among infants (ﬁT@W 2{)

%) The frequency, characteristics and patterns of marriage in a population (436 3ITe
ISRICSIERCIRESCIREL))

9) The migration of unmarried females (SRS TARTR Sfe=T)

Ans. C

Explanation:

In demography, nuptiality deals with marriage-related aspects such as age at marriage,
proportion of married persons, marriage rates, etc. It helps understand the social
structure and reproductive potential of a population. In countries like Bangladesh,
nuptiality indicators (e.g., average age at first marriage) are crucial for policymaking in
health, population control, and women's empowerment.

77.Which of the following statements correctly compares the biases of Laspeyres and
Paasche index numbers?

) Both Laspeyres and Paasche tend to overstate price rise

<) Laspeyres tends to overstate, while Paasche tends to understate the price rise

%) Laspeyres tends to understate, while Paasche tends to overstate the price rise

¥) Both always give the same result as Fisher’s Ideal Index

Ans. B

Laspeyres index uses base-year quantities, ignoring substitution toward cheaper goods —
so it overstates inflation. Paasche uses current-year quantities, incorporating substitution,
which tends to understate inflation. Fisher, being geometric mean of the two, typically
lies in between. Hence option B is correct.

78. One limitation of the Paasche Price Index is: (Price Index @3 FNTZS1g)

) 1t overestimates price changes due to base year quantities

<) It requires current year quantities, which may not always be available

) It is a geometric mean of two indices

¥) It cannot be used for international comparison

Ans. B

The Paasche Price Index uses current year quantities as weights, which can be hard to
obtain or unreliable. Option A describes Laspeyres’ bias. Option C is characteristic of
Fisher. Option D is not a general limitation; Paasche can be used internationally if data

is available.
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79.
Commodity Po P, Q,
A 20 25 10
B 30 35 5
Compute Paasche Price Index.
A) 112
B) 121.4
C) 109.5
D) None
Ans. B
Solution:
P
p— =0 4

> Py

e Numerator: 25x10 + 35x5 = 250 + 175 = 425
e Denominator: 20x10 + 30x5 = 200 + 150 = 350

425
350
80..Which of the following is true about CPI?

A) It measures the average change in quantity of goods consumed

P = x 100 =~ 121.43

B) It measures changes in prices of a fixed basket of consumer goods
C) It ignores weights of goods

D) It always uses current period quantities as weights

Answer: B

Explanation:

CPI tracks price changes for a fixed basket of goods, often weighted according to
expenditure shares of households.

81. A country has:

Population aged 0-14 = 20 million

Population aged 65+ = 5 million

Working-age population (15-64) = 50 million

What is the dependency ratio?

A) 50% B) 50.5%
C) 50.0% D) 25%
Ans. A

Solution:
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Formula:
Population aged 0-14 + 65+
Dependency Ratio (%) = opru 2 .1011 26° - 2T %100
Working age population
20+ 5 25
_ 7 x 100 = x 100 = 50%

50 50

Answer: A [

82.Which statement is correct?

A) CPI is always unweighted

B) CPI uses weighted index numbers because some goods are more important

C) CPI ignores consumption pattern

D) CPI is same as Paasche always

Answer: B

Explanation:

CPI gives weights based on expenditure patterns to reflect real consumption impact.
83.Which of the following is a key difference between weighted and unweighted index
numbers?

(weighted '€ unweighted J6(®d T J&1 AILF (@FG?)

JF) Unweighted index numbers require prices and quantities; weighted do not
(unweighted 6% WX '@ “Afad BIF; Weighted ©f 517 )

¥) Weighted index numbers assign importance to items based on quantities or value,
while unweighted treat all items equally

(Weighted 5b< #tols oy frdae S =il 1 eoia fefers, wie unweighted 9 AoK®
ANTSNI (\CR)

) Weighted index numbers are used only for quantity indices (Weighted < (<=1
quantity P & IS TF)

¥) Unweighted index numbers are more accurate because they use weights (unweighted
53 (@M fTge FIRe QT Weight IR )

Ans. B

In weighted index numbers, each commodity is given a weight denoting its relative
importance (generally quantity or value). In unweighted index numbers, all items are
given equal importance, regardless of how much is consumed or produced.

84. Which one of the following is an example of an unweighted index number?
(fqes @=f6 a3 unweighted BSES TuRae?)

J) Laspeyres Price Index (SBH#a Jo1p)

¥) Paasche Quantity Index (*lC'5 “Afg¥e 3]5)

=) Simple Aggregative Price index (FT4IF FNBTS FPHF)

9) Fisher’s Ideal Index (RPta= @TW“TW)

Ans. C
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The Simple Aggregative Price Index is calculated by summing current prices and
dividing by the sum of base prices — it doesn’t use any weights for individual
commodities, hence it is unweighted. All the others (Laspeyres, Paasche, Fisher) are

weighted index numbers, as they use quantities as weights.

Source: Business Statistics (SP Gupta, MP Gupta.)

85. What is the primary difference between a price index and a quantity index?
(46 T 6% @ @36 AT FJoera T AL AL F1?)

F) A price index measures changes in the quantity of goods, while a quantity index
measures changes in the price of goods. (936 ¥ 6% AR ifericera sifsge “fas=
FE, A GHT6 Aol 7o #feela JeuR oiferrea Afws v 1)

¥) A price index measures changes in the price of goods, while a quantity index
measures changes in the quantity of goods. (4%f6 &1 6% AR Yeeva Afaes siferse
I, A g6 #Afarwiel 3o sfeetya Aficeta s Afaas wea1)

) A price index uses base-year prices, while a quantity index uses current-year
quantities (936 =7 o< fefe q=caa To7 TR I, AHMCE GF Aol Tpd TS
JREF AT 2T IR 1)

9) A price index uses current-year prices, while a quantity index uses base-year
quantities (45 JT 3T TS T T GIAA F, A 46 Afewiel v fefe
JRE AT 2T IR 1)

Ans. B

Option b directly defines the core function of each type of index. Hence, this the
correct one.

option a €® price index quantity of goods @S change I &1 RQACR, AN P |

option b (- 7 Tea |

option ¢ (®- price index, base year @ current year 9618 T FACS 2IICH, ©I2 e |
option d- option ¢ 9% OB Be

86. Suppose the price of 3 commodities in the base year (Po) are: A = 10, B = 20, C
= 30. In the current year (P1): A = 15, B = 25, C = 45, If we calculate the index number
using: (i) Simple Aggregate Method (ii) Simple Average of Price Relatives Method,
Which of the following statements is correct?

(=1 71, feofe =R (Po) foAf #teli@ 0 faei: A = o, B = 20, C = Yo | ISHT I=CH (P1): A =
3¢, B = ¢, C = 8¢ | AW WA oF F A4 Ff: (i) A=A 7B “af® @3 (i) To5
AR AT T AES IJITE F, O ffRe @ (Kb Adw?)

<) Both methods give the same result (S *&fs Q8 Feiiwa (W 1)

¥) Aggregate method gives a higher index than average relative method (198 #&f®
TS G aod (51 THOA v (A 1)

%) Average relative method gives a higher index than aggregate method (SCARFS oI¢
*Tafe B “mied (503 THOF o (73 1)
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9) Both methods are biased but give opposite directions (8% #&fw8 A Forewms 8
fqordre e werea (77 )
Ans. A
Simple Aggregate Index = (£P: / XPo) x 100 = (15+25+45) / (10+20+30) x 100 = 85/60 x
100 = 141.67
Simple Average of Price Relatives = [(15/10x100 + 25/20x100 + 45/30x100)] / 3 = (150 +
125 + 150)/3 = 141.67
87. A CPI of 140 (base year 2010 = 100) indicates that: (3™ CPI = 80 27 (fefg q=7
2050 = d00), S «ft F = FF?)
) The general price level has fallen by 40% since 2010. (R0d0 Al (ATF A BT
80% FCICR 1)
%) Household consumption has increased by 40% since 2010 (X030 e (AT *IfHAMCHT I
80% [@TTR 1)
) The general price level has increased by 140% since 2010. (050 A (ATF AGHA
T $80% (JTTCZ 1)
9) None ((FIAIH2 73 1)
Ans. D.
Explanation:
CPI compares the cost of a fixed basket of goods and services relative to the base year.
A value of 140 means the basket now costs 40% more than in 2010, reflecting the rise
in general prices.
A correct statement for the questions is- " The general price level has increased by
40% since 2010"
88. The long-term upward or downward movement in data is known as (CSBIR
aeRIm Sefe 1 fameife F i #(fafoe?)
) Seasonal Fluctuation (¥ge foFe)
%) Trend (AI°19N)
%) Irregular Variation (Sf~fie femel)
9) Cyclic Variation (b@rE fomel)
Ans. B
Explanation:
Secular Trend or normally "Trend" reflects persistent long-term growth or decline in a
series over several years, such as population growth.
When we talk of trend, we mean smooth, regular, long term movement of the data-
sudden and erratic movements either in upwards or in downward direction have nothing
to do with the trend.
Source: Business Statistics (SP Gupta, MP Gupta)
89. The method of moving averages is used to
(Moving average “&f® J7%® 2 —)
F) Measure correlation (72795 “AfFw7 F4Co)
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¥) Remove trend (Trend oA FACS)
o) Remove non-linear trend (SIS Trend (= (FCS)
q) Measure dispersion (Rf® #fasie T2cs)
Ans. B
There are broadly two types of trend -Linear trend, Non-linear trend.
For measuring straight line trend, we use Semi average method, Method of least
square etc.
On the other hand, Moving average method is used to measure non-linear trend.
The moving average method is a technique used to analyze data trends by calculating
the average of a specific set of data points over a defined period, which is then "moved"
through the data set.
Moving averages smooth out short-term fluctuations, isolating the long-term trend.
90. Deseasonalizing a time series means —
(B8 F1fater® Deseasonalizing J#1C® ([RIT —)
F) Adding trend (Trend GXI%l F<1)
) Removing cyclic effect (P&FIFIF &SR v F4)
?) Eliminating seasonal effect (¥g® ST A F41)
¥) Removing random effect (AT O vF F41)
Ans. C
Deseasonalizing time series data involves removing the seasonal component to reveal
underlying trends and make it easier to analyze the data.
This process is useful for identifying patterns and making predictions, especially when
seasonal variations obscure the true trend.
91. The irregular component in a time series is also called —
(512 B1f|T Irregular component =F F 7T #If4fbw?)
) Random component (GGG TAWIR)
¥) Seasonal component (¥gT® ToHAIe)
%) Trend component (&3s! S#MWI)
) Cyclic component (5@ TAWIH)
Ans. A
A time series can be broken down into four key components: trend, seasonality, cyclicality
and irregularity. These components help to understand patterns and make predictions
about future values in a dataset. Irregular variation represents unpredictable, random
shocks like wars or natural disasters.
92.  Year: Value= (2016,20), (2017, 24), (2018,27), (2019,32), (2020,39), (2021,43).
calculate the trend value using the Semi-Average Method. What is the estimated trend
for 20197 (Semi-Average Method IR FCF 2019 AT Trend Value ¥ 2(J?)
F) 29 <) 30.5 ) 32.5 ¥) 33.22
Ans. D

Step-1: Since we have even number (6) of years, split into two equal parts:
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First Half (2016-2018):
Values = 20, 24, 27 — Mean = (20+24+27)/3 = 23.67
Second Half (2019-2021):
Values = 32, 39, 43 — Mean = (32+39+43)/3 = 38
Step-2: These represent average trend at the “middle year” of each half —
Trend value at 2017 = 23.67
Trend value at 2020 = 38
Step-3: Fit a straight line between (2017,23.67) and (2020,38) and interpolate for 2019.
Slope = (38-23.67)/ (2020-2017)= 14.33/3=4.77
Change from 2017 to 2019 is 2 years — Trend at 2019 =
23.67+(4.777x2)=23.67+9.554=33.224
93. Which model represents time series as: Y =T x S x C x I?
(I T BIZW e epi S & Y =T x S x C x 1 ?)
<) Additive model (C7IFS W)
¥) Multiplicative model (@1 NCEeT)
%) Regression model (e« e
q) Autoregressive model (SICBI-ftafre Wrwe)
Ans. B
In the multiplicative model components multiply; additive means they sum.
94, Eliminating trend from time series data is called-
(512w Bifeet (ATF Trend IM ASANSE Ft ICA?)
) Additivity (CIeT) ¥) Multiplicity (@)
%) deseasoning ¥) Detrending
Ans. D
Eliminating trend from time series data is called detrending.
While eliminating seasonality from time series data is called deseasoning.
Additive model is a model where components add up.
Source: Business Statistics (Md. Abdul Aziz)
95. A regular fluctuation within a year is called —
(45 I (To7 ffire soemr F e +ifafoe?)
F) Trend (&3ee)
¥) Cyclical variation (&SI fowel)
%) Seasonal variation (¥gos foFeN)
%) Irregular variation (®f~afire femen)
Ans. C
Seasonal variation refers to periodic changes repeating within 12 months (e.g. ice cream
sales in summer).
96. What is the main purpose of deseasoning a time series?
(512 Fife Deseasoning T &1 STy F17)

<) To eliminate random errors. (Random Error 7 %)
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¥) To study long-term trend and cyclical variation without seasonal effects. (Seasonal
Effect 9 WA Long-term Trend @ Cycle <R 1)

%) To make data stationary for ARIMA modeling. (ARIMA Model-9% &< Data Stationary
)

9) To reduce data size for easier computation. (Data (®IG =1 [CS & 219 23)

Ans.B

Deseasoning removes seasonal fluctuations so the underlying trend and cycle can be
clearly analyzed.

97.  Which of the following statements about the graphical method of trend
projection is correct?

(Graphical Method of Trend Projection ¥ #f5s a7 @FHG?)

) It is the most accurate method of forecasting. (4f6 T 19 Forecasting Method)
¥) 1t is subjective and depends on the person drawing the trend line. (@5 Subjective @32
fafq aiere o Som e

) It requires complex statistical computation. (4TS Tioe SAfaeree waed 2)

) It automatically adjusts for seasonality. (@6 FALEFTOIE Seasonality A=)

Ans. B

The graphical method is a visual approach where a trend line is drawn by inspection.
Its strength is simplicity, but its limitation is subjectivity — different people may draw
slightly different lines, leading to inconsistent forecasts.

98. Trend Can be measured by-

(Trend (I *M&fSTS = T?)

) Graphical method

¥) Method of Semi-averages

%) Method of moving averages

q) All of the above

Ans. D

Trend can be measured by mainly 4 methods---

1. Graphical method,

2. Method of Semi-averages,

3. Method of moving averages,

4, Method of Least square.

Source: Business Statistics (Md. Abdul Aziz)

99. When using the Semi-Average Method for trend estimation, which of the
following is a key limitation?

(Semi-Average Method-4 Trend Sq F91F &4« et F?)

JF) It requires a large number of observations to compute the trend. (4T® SIF
Observation TS 2 1)

¥) The method assumes a linear trend and ignores possible curvature in the data. (4f6
Linear Trend 4@ (T €32 Curvature ST ()
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%) It can only be used for odd-numbered time-series data. (@6 @@ 0dd e
Observation-4 JRRA F4 W 1)
¥) It provides exact predictions for future points. (aft Sfces o ‘73/1@17{ M)
Ans. B
The Semi-Average Method splits the series into two equal halves, computes the average

of each half, and connects these averages with a straight line.

This inherently assumes that the trend is linear, which can lead to inaccurate estimates
if the actual trend is non-linear or exponential.

Option A is not strictly true; the method works even for small series.

Option C is false; the method works for both odd and even numbers of observations
(splitting may be slightly adjusted for odd-length series).

Option D is incorrect; semi-average provides trend estimates, not exact forecasts.
Source: Business Statistics (SP Gupta, MP Gupta.), Live MCQ class lecture

100.  In simple random sampling, the probability of selecting any particular unit is:

a) 0

b) Equal and non-zero

¢) Unequal but non-zero

d) Depends on researcher’s choice

Answer: b

(7 Each unit has equal chance in SRS.In SRS, every unit of the population has the same
probability of being selected. This makes it unbiased. Example: Lottery draw.

101.  Which sampling method ensures each subgroup of population is represented

proportionally?

a) Systematic b) Stratified
c) Cluster d) Quota
Answer: b

(7 Stratified guarantees proportional subgroup representation.Population is divided into
homogeneous subgroups (strata), and random samples are taken from each. This ensures
representation of subgroups like gender, income levels.

102. Cluster sampling is most useful when:

a) Population is small

b) Population is geographically scattered

c) Subgroup information is easily available

d) Sampling error must be minimized

Answer: b

(7 Clusters reduce cost for widely spread populations.When a population is too large and
spread out, it’s easier to divide into clusters (e.g., villages, schools) and randomly pick

clusters. Saves time & cost, but less precise.
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103. Which is a major limitation of systematic sampling?

a) Needs a population frame

b) High cost

c) Periodic patterns may bias sample

d) Requires subgroup info

Answer: ¢

If the list has a repeating cycle (e.g., every 10th person is from same group), systematic
sampling gives biased results.

104. Which is a non-probability method?

a) Multistage b) Stratified
¢) Snowball d) Systematic
Answer: ¢

Snowball relies on participants referring others; it’s non-random. Probability methods
must give every unit a known chance. Refugees, drug users, HIV patients are hidden
populations. Snowball sampling helps reach them via referrals.

105. The biggest advantage of probability sampling over non-probability is:

a) Saves cost

b) Ensures unbiased representation

c) Faster implementation

d) Requires no population frame

Answer: b

106. The difference between population parameter and sample statistic is:

a) Statistic always equals parameter

b) Statistic is unknown, parameter is known

c) Parameter describes population, statistic describes sample

d) Both are same in large samples

Answer: ¢

107. Which is an example of non-sampling error?

a) Wrong sample size

b) Biased responses

¢) Improper random selection

d) Large variance due to small sample

Answer: b

Non-sampling errors occur due to wrong questionnaire design, recording mistakes, non-
response bias, even in census. Not related to sample size.

108. Sampling error can be reduced by:

a) Increasing sample size

b) Using non-probability method

¢) Reducing population

d) Ignoring extreme values
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Answer: a

Larger samples better approximate population, lowering variability. Example: Averages
stabilize as sample size increases.

Even in full census, mistakes in data entry, non-response, or interviewer bias may happen.
Sampling error = 0 in census, but non-sampling error remains.

109. In a 3-year moving average, the value of year t is:

a) Average of year t only

b) Average of years (t, t+1, t+2)

c) Average of (t-1, t, t+1)

d) None

Answer: ¢
£ Explanation

* A moving average smooths out fluctuations by averaging consecutive values.

For a 3-year moving average:
* We take three consecutive years, centered at year t.

e The formula is:

Yi1+Y:+ Y

M A( = :

Example: Suppose sales data (in units):
e 2018:100, 2019: 120, 2020: 150, 2021: 180, 2022: 210

e To compute moving average for 2020:

120 + 150 + 180 450
3 3

This smooths out random ups and downs, giving a clearer trend.

M Agpy = =150

- In short, 3-year moving average uses the year before, the year itself, and the year
after.
110. A drawback of moving average method is:
a) Easy to compute
b) Removes short-term fluctuations
c) Loses some original data at ends
d) Suitable for all series
Ans. C
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£ Explanation
e When calculating moving averages, you need values before and after the year in
question.
e So, at the start and end of the data, you cannot compute the moving average.
e Example: With a 3-year moving average:
e For the first year (2018), you don’t have (t-1).
e For the last year (2022), you don't have (t+1).
® So, you cannot calculate MA for those boundary years.
e This means:
1. Some data points are “lost.”
2. Original values are replaced with smoothed values, so short-term variations are
hidden.

3. It lags behind turning points (trend reversals may be detected late).

-~ Thus, while moving average is good for trend detection, it sacrifices accuracy at ends
and hides recent changes.

111.  Which time series component is most difficult to measure?

a) Trend b) Seasonal variation

c) Cyclical variation d) Random variation

Answer: d (Random variation)

(7 Trend and seasonal can be measured by methods. Cyclical requires long data.
Random is unpredictable, hence hardest.

112. A researcher uses census tracts as primary sampling units and randomly selects
households within them. This is —

(9FSH IqTF Census Tract-&F 2T e 36 R W o Wy 3ife oo
@z @1 «@ft )

F) Two-stage sampling (72-8F F=ifer)

¥) Stratified sampling (FAge F=ifer)

%) Quota sampling (FBIfefes Hnfer)

9) Snowball sampling (CHIRe Fr=oifere)

Ans. A

Firstly, the researcher choose cluster (tract), then sample units inside cluster
(households). This type of sampling is called two stage sampling.

113.  In which situation is stratified sampling more advantageous than simple
random sampling?

(Stratified Sampling ¥4 Simple Random Sampling-a3 (5T @M TAFIAI?)

) When the population is perfectly homogeneous (I47 SR Z[TA=F FETSR)
¥) when the population can be divided into distinct, internally homogeneous but
mutually heterogeneous subgroups

51) When there is no sampling frame (349 3={feiz @ (72)

¥) When time and cost are unlimited (I4« AT € UF5 FANIA)

Ans. B

Warnning: Live MCQ™ -93 71<e IS0 IARIZ0 W13+ 2RI TS | Suie GO @R MG A7 JI2R ALK 8 8 TG TARE!

Join Now b [N ey @ livemcacom @ 01701377322



Live
L Mca

AT eEfo, ST fafer

Stratified sampling is useful when the population can be divided into distinct,
internally homogeneous but mutually heterogeneous subgroups called strata (like
gender, age groups, income levels).

Sampling is done separately from each stratum to improve precision and ensure
representation.

If the population is perfectly homogeneous (A), SRS is sufficient. Lack of sampling
frame (C) blocks both methods.

Time/cost (D) is not the key consideration.

114.  In which of the following situations is cluster sampling more appropriate and
efficient than stratified sampling or simple random sampling?

(VTR (@9 ¢Fea PG iR Stratified 1 Simple Random Sampling-99 QeTeA (M
A7)

F) When the population is highly heterogeneous and geographically dispersed, but
elements within groups are similar (49 SR (IO TOIEH 1R TG (DA,
o8 ol (Tor@ N ataTR)

¥) When the population is heterogeneous and geographically dispersed, but elements
within groups are also heterogeneous

51) When the objective is to increase precision by reducing sampling error (I% == (Il
fergerer o)

q) When the cost of listing and contacting each unit in the population is low (I3 @fsfG
3T5 ofeaige T4 @ @AENF 46 FN)

Ans. B

Option A is Stratified sampling.

Cluster sampling is most efficient when-

The population is geographically scattered, making it costly and impractical to list or
reach every unit individually.

There exist naturally occurring clusters (like villages, schools, hospitals) where units
within a cluster are similar, but clusters differ from each other.

Option B correctly reflects this situation and captures the practical motivation: cluster
sampling minimizes cost and logistical complexity by sampling groups (clusters) rather
than every unit directly.

Option C is more aligned with stratified sampling, which increases precision by
controlling variability within strata.

Option D favors SRS, since low cost of contacting units removes the need for clustering.
Cluster = heterogeneous inside (mini population), Stratified = homogeneous inside.
115.  Which of the following sampling methods is most likely to introduce selection
bias because the choice of units depends on the researcher’s judgment or convenience?
(e @9 rfere *fafere AABE @M Selection Bias TSTF AVRA! ACF, I IS
e At ARLR T fFoa I@?)

<) Simple Random Sampling (FT4IFel L Fr=ifeie)
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¥) Stratified Sampling (¥g® F=ifere)
%) Cluster Sampling (FIPBIF F=ifeie)
¥) Purposive Sampling (W roeifere)
Ans. D
Purposive sampling is a type of non-probability sampling where the researcher
intentionally selects units based on specific characteristics or their own judgment,
believing those units are most representative of the population.
Since selection is subjective and not based on chance, results may suffer from selection

bias and are not generalizable to the whole population.

Options A, B, and C are probability sampling methods, where each unit has some known

chance of selection — which helps reduce bias.

In contrast, non-probability sampling methods like purposive, convenience, and quota
sampling do not rely on randomness, increasing the potential for systematic bias.

116.  Which of the following is a non-sampling error?

(fNe>= @1 Non-sampling Error?)

JF) Selecting an unrepresentative sample (@ﬁ%ﬁrﬁw rsie 4o F4)

¥) Wrongly recording survey responses (TS (F%3 FeOIA (FFC F4)

%) Using multi-stage sampling instead of simple random sampling (Simple Random
Sampling-99 W Multi-stage Sampling IR F41)

q) Sampling a very small portion of population (SFFIRIIE Y (=G ¥ Fji=w/e] )

Ans. B

Non-sampling errors occur regardless of sample size or sampling technique—they relate
to defects in data collection process (e.g., data entry error, response bias, measurement
mistakes).

Option B clearly reflects that.

Options A, C, and D are flaws related to the sampling design itself, hence are sampling
errors.

117. A researcher selects every 10th name from a list of employees to form a sample.

This is an example of:

(IFTH NEAF FALRWE oIl (AF &S Yo AW 169 e T ok T 1 «ft @A

TuRF?)

) Random sampling (QTICICET ) ¥) Stratified sampling (BRI TT)
) Systematic sampling (*f@lo7® T ) Cluster sampling (S5 T)
Ans. C

Systematic sampling selects every k-th element from an ordered list after a random start.
Here, every 10th name is chosen.
118. A coin is tossed and a die is rolled. What is the probability of getting a Head and

a6?
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(90 FCIT B T AN R G0 2@ (CFA 1 AT 1 (RT G 6 AT TR $9?)
F) 1/6
) 1/12
%) 1/2
9) 1/36
Ans. B
In case of Tossing a coin: P(Head) = 1/2
In case of Rolling a die: P(6) = 1/6
QRIT, B! B TR |
e, GFOIF TOIF ALY ACIFOIF ToIF TR 797 I 1
Independent event €3 (@ &Il &ifel, P(ANB)= P(A)=P(B)
So, Since independent — Multiply: P(HeadN6)
= (1/2)x(1/6)
=1/12
119.  If two events A and B are independent, then:
(3 7fS 6 A @R B T 2], )
F) P(ANB) = P(A)+P(B)
¥) P(ANB) = P(A)-P(B)
%) P(AUB) = P(A)-P(B)
9) P(ANB) = 0
Ans. B
Independence means occurrence of one event does not affect the other, so joint

probability is the product of individual probabilities.

Source: Business Statistics, Md. Abdul Aziz.

120.  Which of the following is a fundamental property of probability?

(7 @ TeRreR Glifere G&afi8r?)
F)P(S)=0 ) P(p) =1

M P(S) =1 q) 0<PA) <1
Ans. C

The probability of the sample space S (sure event) is always 1.

ST TAICHFG AP G QG S5 T6(d2 O AT S,

121.  If P(A)=0.4 and P(B)=0.5, A and B are mutually exclusive, then P(AUB) is:

(@™ P(A) = 0.4 @32 P(B) = 0.5 T €% A 8 B T G ¥, O P(AUB) GF WF F©7?)

<) 0.2 q) 0.5 ) 0.7 9) 0.9
Ans. D

For mutually exclusive events: P(AUB) = P(A)+P(B)

= 0.4+0.5

=0.9

122.  If events A and B are independent, which is always true?
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@™ A @32 B T W61 7, ©F W06 (TG AP T1?)
F) P(ANB) = P(A) + P(B) - P(A N B)
%) P(ANB) = P(A) x P(B)
%) P(ANB) = P(A) + P(B)
) None
Ans. B
Independence definition = multiplication rule.
For two independent event->
P(ANB) = P(A) x P(B)
123.  The classical definition of probability applies only when:
(FITPE TRRFSR AR (T (T (@ AEH?)
) Events are based on personal judgment (671t Jjfes1® Toled TAx fofe )
) Outcomes are equally likely (FNFASTE FIFABIRT =)
%) Events are mutually exclusive (IBTIGTE 2F>F IS 2C)
¥) Experiments cannot be repeated (1= TFEIgE A1 A I J4A)
Ans. B
124.Which probability approach relies on long-run relative frequencies of events?
(59 @9 TBIRTOR “mafere Toaa AR e Rt Sow fofe w4 237)
%) Classical approach (FIFTETE “afo)
%) Subjective approach (TRCEF® “&l®)
%) Axiomatic approach (fesiGF “afe)
q) Empirical approach (afifz<ret “afo)
Ans. D
The empirical approach defines probability as the relative frequency of an event in a
large number of trials.
125.Which of the following best explains the use of Bayes’ theorem?
(57 @ @3S AT IR AIGE OISR A FE?)
) 1t helps to compute the probability of independent events (@f5 FI&T TR T
faefea s wew)
%) It updates prior probabilities when new information is available (Tge © &l (T
% TR WI+{Ces e Wit IJITS =)
%) 1t calculates probability only when all outcomes are equally likely (45 (F<e1 w22
AEH TN A FEAFe FATSIL))
9) It applies only when two events are mutually exclusive. (46 (F3= ©472 ey I3
9% o1 AR JSAI)
Ans. B
Bayes’ theorem is used to revise prior beliefs (prior probabilities) into posterior
probabilities when new evidence is observed.

126.  Which of the following is NOT a valid probability axiom?
([Fve @FG o™ @Ifs (34 Foshra T?)
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F)0<PA)<1
¥) P(S) = 1, where S is the sample space
?) For disjoint events A and B, P(AUB) = P(A) + P(B)
¥) P(A) = -P(Ac)
Ans. D
Probability is always non-negative; this is not a valid axiom.
127.  Which of the following is a false assumption about independent events? ( f7Ito%
G FE o @ @6 B Qren?)
) If two events are independent, knowledge of one does not change the probability of
the other (3@ 76 WO FITT 27, O AHH O OIF O T oK TBRAE Ao
FE )
¥) Two events with nonzero probabilities can be both independent and mutually exclusive
(fS ZeoB A= TR W7 7, O G FT IR AR AHRA (mutually exclusive) 2o
Al 1)
) Independence implies P(ANB)=P(A).P(B) (=8 95 2T P(ANB)=P(A).P(B) )
9) Dependence means occurrence of one affects the probability of the other (feaet
(Dependence) ST 2 QG IBAIF 2 O IGIF TGRS OIS I 1)
Ans. B
Suppose A and B are mutually exclusive: Then, P(ANB)=0
But if they were also independent, then:
P(ANB)=P(A)-P(B)
50, U8 AN mutually exclusive € independent 27,
P(A)-P(B)= 0 ® A | g,
If both P(A), P(B) are greater than 0, then their product is greater than 0, which
contradicts mutual exclusivity.
That means at least one of them must be 0. WS F2& TR, V6! = TSR 42 461
@2 A mutually exclusive 8 independent 2CS A =1
128.  Which condition defines independent events? (F1q S FIF To e F0a?)
<) P(AUB) = P(A) + P(B)
¥) P(AIB) = P(A)
%) P(AIB) = 0
9) P(ANB) = P(A) + P(B)
Ans. B
Explanation:
Independence means occurrence of one does not change probability of the other:
If, P(AIB) = P(A)
129.  Events A1,A2,.,An are said to be collectively exhaustive when: ( A1,A2,.,An
TOAIGTEAE e 5 oA Fei =0 TL)
) They are mutually exclusive ( SI1 fJTen)
¥) Their union covers the whole sample space ( SIMF BT TN TACHFACE PO FCH)
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) Their intersection is equal to the sample space (SItMd (&% SIMF T (FCAS

9) Each has equal probability ( &TS/R6R 3 STl WACR)

Ans. B

Explanation:

Collectively exhaustive = at least one of the events must happen (their union = sample
space).

So, If A and B are exhaustive event, then AUB= Total Sample space

130. A factory produces bulbs with probability of defect p=0.05. Out of 20 bulbs, what
is the probability of finding exactly 2 defective bulbs?

(@6 TR 205 AT TeAWT T TG T A 26T AR p=0.05 1 55 5 A=19t A1
ST AW F97?)

F) 0.1887

%) 0.2641

%) 0.3774

9) 0.4112

Ans. A

. (20 9,0 R A
P(X =2)= ( ) )(0.05)-(0.95)1'-- — 190 % 0.0025 x 0.397 —0.1887

131.  Bivariate data refers to:

(Bivariate data J (@R?)

<) Data with only one variable (¥4 936 51 & ©2h)

%) Data with two related variables (46 ¥ t5F T& %)

%) Data collected from more than two sources (GFIEF BT (AF 7{251"3@ o)

¥) Data that is qualitative only (¥4 ®9® ©)

Ans. B

Bivariate data involves the analysis of two variables simultaneously to study the
relationship between them.

For example, height and weight of students.

This is different from univariate (one variable) or multivariate (more than two variables).

Suppose a 2x2 contingency table shows:

Likes Tea Likes Coffee Total
Male 40 20 60
Female 30 10 40
Total 70 30 100

132.
What is the probability that a randomly selected person is a female who likes tea?
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(AT Eifbe e e Nfe @ae b1 gve[l 26 TRl F97?)
<) 0.30 <) 0.40 %) 0.70 ¥) 0.10
Ans. A
Number of females who like tea = 30
Total number of people = 100
So, Probability = 30/100=0.30
133.  If E(X) = 10 and E(Y) = 15, then E(2X + 3Y) = ?
@™ E(X)=10 @92 E(Y)=15 =, ©CI E(2X+3Y) 97
F) 20 ) 25 ) 65 ) 70
Ans. C
E(2X+3Y) = 2E(X)+3E(Y)
= 2(10)+3(15) = 20+45 = 65
134.  If X is a random variable with Var(X) = 9, then Var(2X + 3) = ?
@™ X @ IO 57 T G2 G TR /CSMILF Var(X)=9 TF, O Var(2X+3) F9?)
F) 9 ) 12 ) 18 9) 36
Ans. D
Var(aX+b)=a2.vVar(X)
Here, a=2,Var(X)=9
Var(2X+3) = 22.9 = 36
135.  The Central Limit Theorem (CLT) states:
(GG =i SG facmeas qe:)
<) Any variable is normally distributed if n is large (CICFICAN 5eTF n I B TN [{eifsre
=)
¥) Distribution of sample means approaches normal as n grows (A1 CCF KA n ACE
TR IR =)
%) Variance becomes zero as n grows (n ¢ 20 &I /(SUIE ¥ A IR)
¥) Variance becomes 1 as n grows (n I¢ (T LAF/(SHIF 1 2F)
Ans. B
CLT — sample mean of large samples ~ normal, regardless of parent distribution.
136.  Which scenario best fits a hypergeometric model?
(@ ~if¥fgf® hypergeometric T &= THYS?)
) Tossing a fair die repeatedly (436 fair die IR fTHA F41)
¥) Drawing 3 red balls from a bag of 10 balls without replacement (Sof6 JteTa s (AT
2fSFioM ol oft @iF Je Cofe)
%) Number of customers arriving in an hour (93 ¥ AP SN H)
9) Time until first success in coin tosses (Coin toss-& AT FFTS! 2/F@ FNF)
Ans. B
Hypergeometric = sampling without replacement.
option a-> Binomial distribution

Option c-> poisson distribution
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Option d-> Geometric distrbution

137.  If the probability of hitting a target is p=0.2, what is the probability that the first
hit occurs on the 4th trial?

(FTCH SAMATST TG p=0.2 2, AT WS 8¢ AR ST TR F97)

<) 0.0512 <) 0.0819 %) 0.1024 ¥) 0.1280

Ans. C

P(X =4) = (1 —p)*p = (0.8)*(0.2) = 0.1024
138. A researcher wants to estimate the mean weight of a fruit within +2 g with 95%
confidence. Population SD = 8 g. Find required sample size.
A) 62 B) 45 C) 76 D) 48
Ans.A

Explanation:

Step 1: Formula

Zn /2O 2
n E

Step 2: Substitute values

1.96 - 87 .
n — ( 5 ) — (7.84)% ~ 61.47

Answer: n = 62
Explanation: A sample of 62 fruits ensures the mean estimate is within £2 g at 95%
confidence.

139. A sample of 50 apples has mean weight 152 g. Population standard deviation
is 30 g. Construct a 95% CI for the population mean.

A) (140.1,152.5)

B) (141.1,152.5)

C) (143.7,160.3)

D) None

Ans. C
30
— =~ 4.24

a
Vo /50
CI=—X+196-SE —152+1.96-4.24 ~ 152 + 8.3

SE

CI ~ (143.7,160.3)

Explanation:

We are 95% confident the true population mean lies in this interval.

140.  Two factories produce light bulbs. Factory A: u;=1000 hr, sigma,=50 hr, n,=36,

Warnning: Live MCQ™ -93 71<e IS0 IARIZ0 W13+ 2RI TS | Suie GO @R MG A7 JI2R ALK 8 8 TG TARE!

Join Now p » Google Play .’ K’B?;,aéigpee =IG\;I'i2|ig;‘oft “ m'éax%gsmre (9) Iivemcq.com Q 01701377322




Live
L2 mca

AT eEfo, ST fafer

Factory B: u,=1020 hr, sigma,=60 hr, n,=49. Find the standard error of the difference of

sample means.

A) 11

B) 22

Q) 11.96
D) 8.98
Ans. C

Step 1: Formula

SE‘YJ __\'2 ==

Step 2: Substitute values

502 602 2500 3600
SE — + =\ =+ —
36 49 36 49

SE — /69.44 + 73.47 — v/142.91 ~ 11.96
Answer: SE = 11.96 hr
Explanation: This measures expected fluctuation in the difference of sample means.

141. Factory A: u;=10 cm, sigma;=1 cm, n;=25,
Factory B: u,=10.5 cm, sigma,=1.2 cm, n,=36. Find the mean and variance of the

distribution for difference of two means.

A) -0.5,0.08
B) -0.3,0.08
Q) 0.5,0.08
D) 0.5,-0.08
Ans.A

2. Formula for Difference of Two Means

Let:
® W, K2 = population means
e 0,% 02° = population variances

S n., N> = sample sizes
Then:

1. Mean of the sampling distribution:
E(X, — X2) — p1 — p2

2. Variance:

2 24
__ _ o7 o5
Var(X, — X2) — ﬁ 4+ ni
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Scenario:

. Factory A: p; = 10 cm, o; = 1 cm, n, = 25

e Factory B: p, = 10.5cm, 62 = 1.2 cm, n> = 36

Step 1: Mean of sampling distribution
E(X; — X») =10 — 10.5 = —0.5cm
Step 2: Variance of sampling distribution

_ _ 12 1.22 i
V(L‘T'(Xl — X:_)_) =S ﬁ + '3—6 == 0.04 + 0.04 e 0.08

Step 3: Standard error
SEx, _x, —V0.08 = 0.283

Interpretation:
If we repeatedly sample pens from both factories, the difference in sample means will

typically vary £0.283 cm around -0.5 cm.
142.  If a = 0.01 is chosen, what does it mean?

A) We allow 1% risk of rejecting Ho when it is true

B) We allow 1% risk of accepting Ho when it is false

C) We guarantee 99% probability of accepting Ho

D) We guarantee 99% probability of rejecting Ho

Answer: A

Explanation: « (significance level) = probability of committing Type 1 error.
143.  .The level of significance (a) in hypothesis testing is:

A) Probability of Type II error

B) Maximum risk of rejecting Ho when it is true

C) Always equal to 0.10

D) Probability that H; is false

Answer: B) Maximum risk of rejecting Ho when it is true

Explanation: « is chosen before the test (commonly 0.05 or 0.01) and controls the
probability of Type I error.

144,  Which test is used to compare the variances of two populations?
A) Z-test

B) t-test

C) F-test

D) x* test

Answer: C) F-test

Explanation: F-test is used to test the equality of two population variances (basis of
ANOVA).

145, If we fail to reject Ho, it means:

A) Ho is proven true

B) We have insufficient evidence to reject Ho

C) Hi is true
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D) A Type I error has occurred

Answer: B) We have insufficient evidence to reject Ho

Explanation: Failing to reject does not prove Ho is true; it only means the sample does
not provide enough evidence against it.

146.  Which test is appropriate for checking the independence of two categorical

variables?
A) Z-test B) t-test
C) x? test D) F-test

Answer: C) x? test

Explanation: The chi-square test for independence is used in contingency tables (e.g.,
gender vs. preference).

147.  The p-value represents:

A) The probability of rejecting Ho

B) The smallest level of significance at which Ho can be rejected

C) The probability that Ho is true

D) The probability of committing a Type II error

Answer: B) The smallest level of significance at which Ho can be rejected
Explanation: p-value measures the strength of evidence against Ho. Smaller p-values —
stronger evidence. If, P<alpha, reject H,

148.  Which of the following is used when sample size is small (n < 30) and o is

unknown?
A) Z-test B) t-test
C) x? test D) F-test

Answer: B) t-test

Explanation: Student’s t-test is used for small samples when population variance is
unknown,

149.  The null hypothesis (Ho) usually states:

A) A difference exists in the population

B) No difference or no effect exists

C) The sample mean is always equal to the population mean

D) A hypothesis that is always rejected

Answer: B) No difference or no effect exists

Explanation: Ho is a conservative assumption that assumes “no change” or “no effect.”
The test checks if sample evidence is strong enough to reject it.

150.  One-Way ANOVA is used when:

A) We compare two sample means

B) We compare more than two sample means

C) We compare variances of two groups

D) We check correlation between variables

/ Answer: B
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(¢ ANOVA is mainly used to compare more than two means at once.

151.  In one-way ANOVA with 4 groups and total 20 observations, what are the degrees

of freedom (between, within)?

A) (3, 16) B) (4, 15)
) (3, 20) D) (4, 19)
7/ Answer: A

(= df between = k-1=4-1=3, df within = N-k=20-4=16.

152,  In a two-way ANOVA, interaction effect means:

A) Two factors work independently

B) The effect of one factor depends on the level of another factor

C) Factors are not significant

D) Variances are equal

</ Answer: B

(7 Interaction = when one factor’s effect changes depending on the level of another

factor.

153. In a Completely Randomized Design (CRD), treatments are assigned:

A) According to blocks B) Completely at random

C) According to rows and columns D) By controlling two nuisance factors
</ Answer: B

(7 CRD = simplest design, treatments assigned at random.

154. A Randomized Block Design (RBD) is best used when:

A) All experimental units are homogeneous

B) There are two nuisance factors

C) There is one nuisance factor that must be controlled

D) Treatments must be replicated equally

/ Answer: C

(7 RBD controls for one source of variation (e.g., soil type, gender).

155.  Which design controls two nuisance factors at the same time?
A) CRD B) RBD

C) Latin Square Design D) Factorial Design

7/ Answer: C

(7 LSD handles two nuisance factors (rows & columns).

156.  In a factorial design with 3 fertilizers and 2 irrigation levels, how many treatment
combinations exist?

A)5 B) 6 C)3 D) 2

</ Answer: B

(7 3x2=6 combinations.

157.  Which of the following statements about ANOVA is true?

A) A significant F-test means all group means are different

B) A significant F-test means at least one mean is different
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C) ANOVA can only be used with two groups
D) ANOVA does not require assumptions
/ Answer: B
(¥ ANOVA only tells us at least one mean differs; post-hoc tests find which means differ.
158.  In ANOVA, the F-ratio is computed as:
A) Variance within groups + Variance between groups
B) Variance between groups + Variance within groups
C) Mean of all group means + Overall variance
D) Total variance + Between-group variance
Answer: B
Explanation:
The F-statistic in ANOVA is the ratio of between-group variance (treatment effect) to
within-group variance (error effect). A higher F-value indicates stronger evidence that
group means differ significantly. In ANOVA, the F-test checks whether the variance
explained by group differences (between-group variance) is significantly larger than the
variance within groups (error variance). It’s essentially testing the overall model fit.
159.  Which of the following is NOT an assumption of one-way ANOVA?
A) Homogeneity of variances
B) Independence of observations
C) Normality of residuals
D) Equal sample sizes across groups
Answer: D
Explanation:
One-way ANOVA requires homogeneity of variances, independence, and approximate
normality. Equal sample sizes are not required (though they make the test more
robust).
160.  The Least Significant Difference (LSD) test in ANOVA is mainly used for:
A) Testing whether ANOVA assumptions are satisfied
B) Comparing variances among groups
C) Performing post-hoc pairwise comparisons of group means
D) Estimating the standard error of the mean
Answer: C
Explanation:
The LSD test is a post-hoc multiple comparison test applied after ANOVA finds a
significant difference. It helps identify which specific group means differ.
161.  The main reason for introducing a blocking factor in an ANOVA design is:
A) To reduce the total sample size needed
B) To control for variability due to nuisance factors
C) To increase the number of treatments

D) To relax the assumption of normality
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Answer: B

Explanation:

A blocking factor is used to account for variability caused by nuisance variables (e.g.,
location, time, batch). This helps reduce experimental error and increases the
sensitivity of the test.

162.  Why is ANOVA preferred over multiple independent t-tests when comparing
several group means?

A) ANOVA gives exact values of mean differences

B) ANOVA avoids inflation of Type I error rate

C) ANOVA requires fewer assumptions than t-test

D) ANOVA always requires equal sample sizes

Answer: B

Explanation:

If multiple t-tests are used, the probability of committing Type I error increases.
ANOVA controls the family-wise error rate by testing all group means simultaneously
with a single F-test.

163. The probability of rejecting a true null hypothesis is:

A) Type II error B) Power
C) Type I error D) Test statistic
Answer: C

Explanation: Type I error (a) = rejecting Ho when it is true.

164.  The probability of failing to reject a false null hypothesis is:

A) Type I error B) Type II error
C) Confidence level D) Test power
Answer: B

Explanation: Type II error (B) = not detecting a real effect.

165. The power of a test is mathematically equal to:
A)1l-a B)1-

C)a+p D) B

Answer: B

Explanation: Power = 1 - Probability of Type II error = 1 - B.
166. A two-tailed Z-test is appropriate when:

A) Testing directional hypotheses

B) Variances are unequal

C) Interest is in both directions of difference

D) Comparing more than two means

Answer: C

Explanation: Two-tailed tests check for deviations on both sides of mean.
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167. When population variance is unknown and sample size is small (<30), which
test is more appropriate?
A) Z-test B) t-test
C) ANOVA D) Chi-square test

Answer: B
Explanation: t-test is used when variance is unknown and sample size is small.

168. The pooled t-test assumes:

A) Equal variances in two populations B) Unequal variances
C) Dependent samples D) Non-normality
Answer: A

Explanation: Pooled t-test requires homogeneity of variances.

169.  Which test is suitable for comparing two independent groups with unequal

variances?

A) Pooled t-test B) Paired t-test
C) Welch’s t-test D) Z-test
Answer: C

Explanation: Welch’s t-test does not assume equal variances.
170. The paired t-test is most appropriate when:

A) Groups are independent

B) Groups are matched or repeated measures on same subjects
C) Variances are unequal

D) Data are nominal

Answer: B

Explanation: Paired t-test is for dependent/matched pairs.
171.  The assumption of ANOVA includes:

A) Independence, normality, equal variances

B) Non-parametric distribution

C) Dependent samples

D) Randomness not required

Answer: A

Explanation: These are the standard assumptions of ANOVA.
172. Which of the following is a discrete random variable?
A) Number of students absent in class

B) Height of students

C) Weight of apples

D) Length of road

Answer: A

Explanation: Counted values (like absent students) are discrete.
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173. Randomized Block Design (RBD) is used to:

A) Increase variability B) Control block-to-block variability
C) Eliminate replication D) Randomize treatments completely
Answer: B

Explanation: RBD controls nuisance variation by blocking.
174. Latin Square Design (LSD) controls for:

A) Only one source of variation B) Two sources of variation simultaneously
C) Three sources of variation D) Random errors
Answer: B

Explanation: LSD controls for two blocking factors.

175.  Which test statistic is most sensitive to unequal sample sizes and unequal

variances?
A) Z-test B) Pooled t-test
C) Welch’s t-test D) Paired t-test
Answer: C

Explanation: Welch’s test adjusts for unequal sample sizes and variances.
176.  The critical region in hypothesis testing represents:
A) Values of test statistic that lead to rejecting Ho

B) Region of acceptance of Ho

C) Always at center of distribution

D) Values only greater than mean

Answer: A

Explanation: Critical region = rejection region.

177.  The main advantage of blocking in RBD is:

A) Reducing within-block variation

B) Increasing randomization

C) Eliminating treatments

D) Avoiding replication

Answer: A

Explanation: Blocks reduce error due to nuisance variables.

178.  The treatment degrees of freedom in one-way ANOVA with k groups is:

A) k B) k-1
C)n-k D)n-1
Answer: B

Explanation: Treatment df = k - 1.

179. In a completely randomized design (CRD), treatments are:
A) Assigned randomly to all experimental units

B) Assigned systematically

C) Blocked by factors

D) Restricted by square arrangement
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Answer: A
Explanation: CRD relies on full randomization.

180.  Which of the following increases the probability of a Type II error?

A) Large sample size B) Small sample size
C) High a level D) Strong effect size
Answer: B

Explanation: Small samples reduce test power, increasing f.

181. Reducing a (significance level) will generally:

A) Reduce Type II error B) Increase Type II error
C) Leave Type II error unaffected D) Eliminate both errors
Answer: B

Explanation: Lower o reduces Type I error but increases f.
182. A one-tailed test is more powerful than a two-tailed test when:
A) Effect can occur in either direction

B) Effect is expected in only one direction

C) Variances are equal

D) Population is normal

Answer: B

Explanation: Power increases if direction is specified.

183. The paired t-test uses differences because:

A) It reduces variability due to paired units

B) It increases degrees of freedom

C) It avoids hypothesis testing

D) It ignores dependence

Answer: A

Explanation: Taking differences cancels subject-specific effects.
184. . Welch’s t-test is often preferred over pooled t-test when:
A) Variances are equal

B) Sample sizes are equal

C) Variances are unequal and sample sizes differ

D) Data are paired

Answer: C

Explanation: Welch adjusts df under unequal variance/sample sizes.
185. In experimental designs, replication is used to:

A) Reduce bias of treatment effects

B) Control block effects

C) Estimate experimental error

D) Avoid randomization

Answer: C

Explanation: Replication provides error estimation.
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186. The F-distribution is:
A) Symmetric B) Always positive and skewed right
C) Negative skewed D) Discrete

Answer: B
Explanation: F is right-skewed and non-negative.

187. In CRD, experimental error tends to be:

A) Larger than in RBD B) Smaller than in RBD
C) Same as in LSD D) Eliminated
Answer: A

Explanation: CRD ignores blocking, so error variance can be larger.

188. The test used when comparing two means with dependent samples is:

A) Z-test B) Pooled t-test
C) Paired t-test D) Welch test
Answer: C

Explanation: Paired t-test is for matched/dependent samples.

189. Which of the following tests requires homogeneity of variances assumption?

A) Welch’s t-test B) Pooled t-test
C) Paired t-test D) Non-parametric tests
Answer: B

Explanation: Pooled t-test needs equal variances.

190. In Latin Square Design, the number of rows, columns, and treatments must be:

A) Equal B) Different
C) Random D) Proportional only
Answer: A

Explanation: LSD requires equal rows, columns, and treatments.

191. Which of the following is NOT an assumption of CRD?

A) Homogeneity of experimental units

B) Independence of observations

C) Random assignment of treatments

D) Control of two blocking factors

Answer: D

Explanation: Controlling two blocking factors is for LSD, not CRD.

192.  The correct sequence of hypothesis testing procedure is:

A) Select a — Collect data — State hypotheses — Compute statistic — Conclude
B) State hypotheses — Select a — Collect data — Compute statistic — Conclude
C) Collect data — State hypotheses — Select a — Compute statistic — Conclude
D) Compute statistic — State hypotheses — Select a — Collect data — Conclude
Answer: B

Explanation: Standard order: Hypotheses — a — Data — Statistic — Decision.
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193.  In stratified random sampling, compared to simple random sampling (SRS) with

the same sample size, the variance of the estimator of the population mean is:

A. Always greater. B. Always equal.
C. Always smaller. D. Smaller if strata are internally homogeneous.
Answer: D.

Explanation: Stratification reduces variance if within-stratum units are homogeneous
relative to the population. But if strata are not well-chosen, variance might not
improve. Thus the correct subtle answer is “smaller if strata are internally
homogeneous.”

194,  In a multiplicative time series model Yt=TtxStxCtxIt, where Tt=trend, St
=seasonal, Ct=cyclical, It=irregular, the seasonal effect is interpreted as:

A. An additive constant repeating each season.

B. A percentage/ratio effect applied to the trend-cycle component.

C. Random noise unrelated to time.

D. The difference between actual and trend values.

Answer: B.

Explanation: In a multiplicative model, seasonal effect is multiplicative — e.g., “sales
are 20% higher in December.” Additive seasonal effects (constant increases/decreases)
occur in an additive model. So B is correct.

195.  If A and B are independent events, and C is any event with P(C)>0, then in
general:

A. A and B remain independent given C.

B. A and B are mutually exclusive given C.

C. A and B may or may not remain independent given C.

D. Independence of AB is equivalent to independence given any C.

Answer: C.

Explanation: Independence does not automatically hold under conditioning. For
example, even if A,BA,BA,B are independent, conditioning on a third event CCC can
introduce dependence. Thus the safe statement is that they may or may not remain
independent.

196.  You run a randomized block design (RBD) with b=4b=4b=4 blocks and t=5t=5t=5
treatments (one observation per treatment in each block). What is the correct residual
(error) degrees of freedom?

A. bt-1 B. (b-1)(t-1)

C. t-1
D. b-1
Answer: B

197.  Under the classical linear regression assumptions (linearity in parameters, zero
conditional mean of errors, homoscedasticity, no perfect multicollinearity), the OLS

estimator of coefficients is:
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A. The unique unbiased estimator.

B. The BLUE (Best Linear Unbiased Estimator).

C. Maximum likelihood estimator even if errors are non-normal.

D. Biased but consistent.

Answer: B.

Explanation: The Gauss-Markov theorem states OLS is BLUE: among linear unbiased
estimators it has minimum variance. It’s not necessarily the unique unbiased estimator
(A is false in wording). OLS is MLE only if errors are normal (so C is false if non-
normal). OLS is unbiased (under assumptions), so D is false.

198.  Which scenario requires a paired t-test rather than an independent two-sample
t-test?

A. Comparing test scores from two randomly selected classes.

B. Measuring blood pressure of patients before and after a single treatment.

C. Comparing heights of men vs women measured independently.

D. Comparing two machines’ product dimensions where each machine produced
different independent items.

Answer: B.

Explanation: A paired t-test is used when observations are naturally paired/dependent
(e.g., before-after on same subjects). A, C, and D describe independent samples.

199.  You want to compare means of two independent groups. Which test is most
robust for controlling Type I error when the two populations have unequal variances
and potentially unequal sample sizes?

A. Two-sample pooled t-test (assumes equal variances).

B. Two-sample Welch t-test (does not assume equal variances).

C. Paired t-test.

D. Mann-Whitney U test (always better).

Answer: B.

Explanation: Welch’s t-test adjusts degrees of freedom for unequal variances and
unequal sample sizes and maintains nominal Type I error better than the pooled t
when variances differ. Pooled t (A) is invalid if variances differ. C is for dependent
pairs. D is nonparametric and useful sometimes, but it tests a different hypothesis (shift
in distributions) and is not “always better.”

200.  You draw a random sample of size n=25 from a population with unknown non-
normal distribution but finite mean p and finite variance 02. Which statement is most
appropriate about the sampling distribution of the sample mean X™?

A. Exactly normal with mean p and variance 02/n.

B. Approximately normal with mean p and variance 02/n (by the CLT).

C. Has the same shape as the population distribution.

D. Approximately normal only if the population is symmetric.

Answer: B.
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Explanation: The Central Limit Theorem implies X is approximately N(u,02/n) for
sufficiently large n. n=25 is often large enough for many practical populations, but
“exactly” normal (A) is false unless the population is normal. C and D are incorrect
because CLT does not require symmetry (D is too restrictive) and the sample mean’s
shape tends to normality even if the original shape differs.

201.

Which scenario requires a paired t-test rather than an independent two-sample t-test?
A. Comparing test scores from two randomly selected classes.

B. Measuring blood pressure of patients before and after a single treatment.

C. Comparing heights of men vs women measured independently.

D. Comparing two machines’ product dimensions where each machine produced
different independent items.

Answer: B.

Explanation: A paired t-test is used when observations are naturally paired/dependent
(e.g., before-after on same subjects). A, C, and D describe independent samples.

202.  Under the classical linear regression assumptions (linearity in parameters, zero
conditional mean of errors, homoscedasticity, no perfect multicollinearity), the OLS
estimator of coefficients is:

A. The unique unbiased estimator.

B. The BLUE (Best Linear Unbiased Estimator).

C. Maximum likelihood estimator even if errors are non-normal.

D. Biased but consistent.

Answer: B.

Explanation: The Gauss-Markov theorem states OLS is BLUE: among linear unbiased
estimators it has minimum variance. It’s not necessarily the unique unbiased estimator
(A is false in wording). OLS is MLE only if errors are normal (so C is false if non-

normal). OLS is unbiased (under assumptions), so D is false.

203.

The sample autocorrelation function (ACF) at lag 0 is always:

A. Between -1 and +1. B. Exactly 1.

C. Equal to the variance. D. Dependent on the process being stationary.
Answer: B.

Explanation: By definition, the correlation of a variable with itself is 1. So sample ACF
at lag 0 = 1. It is not just “between -1 and +1.” Variance corresponds to autocovariance

at lag 0, not autocorrelation.
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