Quantitative Methods – I
Q1. A rare event occurs in a large population with probability 0.0004 per individual per year. In a city of 20,000 individuals, the event is tracked annually. (a) Using the Poisson approximation, compute the probability that in a given year, at least 10 but no more than 15 individuals experience the event. (b) If the city is divided into 4 equal districts, and the event occurrences are independent, what is the probability that at least one district records at least 5 occurrences in the same year? Show all steps, including justification for the use of the Poisson approximation and all intermediate calculations.
Answer:
Introduction:
In statistics, we often encounter situations where we want to know the probability of rare events happening in large groups. An event is “rare” if it has a very small probability of occurring for each individual, but because the group is large, we might still see some cases. This problem deals with such a situation: an event occurs with a very small probability of 0.0004 per person per year in a city of 20,000 people. We are interested in how many people experience this event in a year.
Instead of calculating probabilities directly using the binomial formula—which can be messy and time-consuming for large populations and small probabilities—we often use the Poisson distribution as an approximation. The Poisson distribution helps simplify calculations when the event rate is low and the population is large, making it a valuable tool in areas like epidemiology, insurance, or public health planning.
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Q2. A light bulb's lifetime (in hours) is normally distributed with unknown mean \mu and known standard deviation =50 hours. A sample of 35 bulbs shows an average lifetime of 1200 hours. The company wants to ensure that at least 90% of bulbs last more than 1100 hours. Find the maximum mean lifetime that satisfies this and check if the sample supports this claim.
Answer:
Introduction:
In quality control and manufacturing processes, ensuring the reliability and durability of a product is vital for maintaining customer satisfaction and market competitiveness. For light bulbs, a crucial measure of performance is their lifetime, which is typically evaluated using statistical methods. In this scenario, the lifetime of a light bulb is assumed to follow a normal distribution with a known standard deviation of 50 hours but an unknown mean (μ). From a sample of 35 bulbs, the average lifetime is observed to be 1200 hours. The company, however, is interested in ensuring that at least 90% of all bulbs last more than 1100 hours. This means that the probability that a randomly chosen bulb lasts more than 1100 hours must be at least 0.90. The task is twofold: first, to find the maximum mean (μ) that still allows this 90% reliability, and second, to check whether the sample mean of 1200 hours supports the claim that at least 90% of bulbs last beyond 1100 hours.

Q3(A) A bakery claims that at least 60% of its customers are satisfied with their new bread recipe. To test this, a sample of 50 customers is surveyed, and 27 say they are satisfied. At the 5% significance level, test whether the bakery’s claim is true.
Answer:
Introduction:
Businesses often make claims about customer satisfaction to assure the quality of their products or services. However, such claims need statistical backing to verify their truth. In this scenario, a bakery claims that at least 60% of its customers are satisfied with a new bread recipe. To examine whether this claim holds true, a survey of 50 customers was conducted, where only 27 expressed satisfaction. By performing a hypothesis test at the 5% significance level, we can determine whether there is enough evidence to support the bakery’s claim or if the true satisfaction rate may actually be lower than asserted.

Q3(B) Suppose you are given a dataset of 10 observations where the independent variable X is the monthly advertising spend (in $1000s) and the dependent variable Y is the monthly sales (in $10,000s). The regression equation Y = a + bX is fitted, and the following is known: the sum of squared residuals (SSE) is 180, the total sum of squares (SST) is 600, and the explained sum of squares (SSR) is 420.
(a) Calculate the coefficient of determination (R²) and interpret its meaning.
(b) If the standard error of the regression is required for a 95% confidence interval for a forecast at X = 15, compute the standard error given n = 10 and k = 1.
(c) If the regression equation is Y = 2.5 + 1.8X, estimate the 95% confidence interval for the predicted sales when X = 15, using z = 1.96.
Show all steps and justify the use of each value.
Answer:
Introduction:
Regression analysis is a powerful statistical method used to study the relationship between two or more variables. In the business context, it is common to analyze how sales respond to advertising expenditure. The relationship is modeled by a regression line, capturing how changes in the independent variable (advertising spend) affect the dependent variable (sales). Key measures like the coefficient of determination (R²), the standard error of the regression, and prediction intervals help assess the model’s reliability and make future predictions. Here, we analyze a small dataset of advertising spend and sales, aiming to understand how well the regression model fits and to predict sales for a specific advertising budget.
