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Exercise series N°1 solution 
Exercise 1 

1. Which of the following statements best describes a nonlinear model in statistical 

analysis? 

a) A model in which the dependent variable is linearly related to the independent variables. 

b) A model that cannot be expressed as a straight line when plotted on a graph, often 

involving transformations or interactions of variables. 

c) A model in which all the independent variables are categorical. 

d) A model that exclusively uses polynomial functions to describe relationships between 

variables. 

2. A nonlinear model can be transformed into a linear model by: 

a) Adding interaction terms. 

b) Applying mathematical transformations such as logarithms. 

c) Increasing the sample size. 

d) Removing independent variables. 

3. Which of the following is an example of a nonlinear model? 

a) Y=β0+β1X1+β2X2 

b) Y=β0eβ
1
X  

c) Y=β0+β1X+β2X2 

d) Y=ln(β0)+β1X  

4. A key advantage of nonlinear models is: 

a) They are always easier to interpret than linear models. 

b) They can capture complex relationships that linear models cannot. 

c) They do not require initial guesses for parameter estimation. 

d) They always have higher predictive accuracy than linear models. 

5. Which of the following statements correctly differentiates between the logarithmic model, 

exponential growth model, and power law model? 

a) In a logarithmic model, the dependent variable increases at a decreasing rate as the 

independent variable increases, and the model takes the form 𝑌 = 𝛽0 + 𝛽1ln⁡ 𝑋. 

b) In an exponential growth model, the dependent variable grows at a constant percentage 

rate relative to its current value, and the model takes the form 𝑌 = 𝛽1𝑒
𝑋.  

c) In a power law model, the relationship follows a proportional scaling rule, meaning a 

percentage increase in X leads to a fixed percentage change in Y, and the model takes the 

form 𝑌 = 𝛽0𝑋
𝛽1. 

d) All of the above are correct. 

6. Which model would be most appropriate for studying the relationship between years of 

education and income growth over time? 

a. Logarithmic Model 
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b. Exponential Growth Model 

c. Power Law Model 

d. None of the above 

7. Which model is best suited for analyzing a situation where the population of a city 

doubles every 10 years? 

a. Logarithmic Model 

b. Exponential Growth Model 

c. Power Law Model 

d. None of the above 

8. Which of the following models represents a logarithmic relationship between X and Y? 

a) 𝑌 = ln(𝛽0) + ln(𝛽1) ln⁡(𝑋) 
b) 𝑌 = 𝛽1𝑒

𝑋 

c) 𝑌 = 𝛽0𝑋
𝛽1 

d) 𝑌 = 𝛽0 + 𝛽1ln⁡ 𝑋 

9. Which of the following statements best describes an exponential growth model? 

a) A 1% increase in X leads to a fixed percentage increase in Y. 

b) A 1% increase in X leads to a decreasing increase in Y over time. 

c) A fixed increase in X leads to a fixed increase in Y. 

d) A fixed increase in X leads to a decreasing percentage increase in Y. 

10. You are analyzing the relationship between advertising expenditure and sales revenue. 

Initially, a small increase in advertising leads to a large increase in sales, but at higher 

levels of advertising, the increase in sales slows down. Which model is most appropriate? 

a) 𝑠𝑎𝑙𝑒𝑠 = ln(𝛽0) + ln(𝛽1) ln⁡(𝑎𝑑𝑣) 
b) 𝑠𝑎𝑙𝑒𝑠 = 𝛽1𝑒

𝑎𝑑𝑣 

c) 𝑠𝑎𝑙𝑒𝑠 = 𝛽0𝑎𝑑𝑣
𝛽1 

d) 𝑠𝑎𝑙𝑒𝑠 = 𝛽0 + 𝛽1ln⁡ 𝑎𝑑𝑣 

11. In a logarithmic model of the form 𝒀 = 𝜷𝟎 +𝜷𝟏𝐥𝐧⁡ 𝑿, what does the 

coefficient 𝜷𝟏 represent? 

a) The absolute change in Y for a one-unit increase in X. 

b) The percentage change in Y for a one-unit increase in X. 

c) The change in Y associated with a 1% increase in X. 

d) The exponential growth rate of Y. 

12. Which of the following real-world examples is best modeled using an exponential growth 

model 𝒀 = 𝜷𝟏𝒆
𝑿? 

a) The relationship between the length of a side of a square and its area. 

b) The population of a bacteria culture that doubles every hour. 

c) The relationship between advertising spending and sales, where initial spending has a 

large impact but diminishes over time. 

d) The relationship between the speed of a car and the  

13. In economics, the Cobb-Douglas production function is often used to model output as a 

function of labor and capital. This function is given by:𝑌 = 𝛼𝐾𝛽𝐿𝛾 , which type of model does 

this equation represent? 

a) Logarithmic Model 

b) Exponential Growth Model 

c) Power Law Model 

d) None of the above 
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14. You are analyzing data on social media followers of a brand over time. Initially, the 

number of followers grows very quickly, but over time, the rate of growth slows down. 

Which model would best describe this trend? 

a) Logarithmic Model 

b) Exponential Growth Model 

c) Power Law Model 

d) Linear Model 

15. The value of an investment grows continuously at a constant percentage rate over time. 

Which model best describes this scenario? 

a) Logarithmic Model 

b) Exponential Growth Model 

c) Power Law Model 

d) Quadratic Model 

16. A company notices that each additional $1,000 spent on advertising results in a smaller 

increase in sales than the previous $1,000. Which model best describes this relationship? 

a) Linear Model 

b) Logarithmic Model 

c) Exponential Growth Model 

d) Power Law Model 

17. Researchers found that as a city’s population increases, the number of gas stations 

follows a power law. If the equation is:𝑮 = 𝜷𝟎𝑷
𝜷𝟏 where G is the number of gas stations 

and P is the population, what does 𝜷𝟏 represent? 

a) The percentage change in G when P increases by 1%. 

b) The absolute change in G when P increases by 1 unit. 

c) The base number of gas stations in the city. 

d) The rate of decline in gas stations over time. 

18. A researcher studies the relationship between employee experience 

(years) and productivity using a logarithmic model: Y=2+1.5ln(X) where: 

Y is productivity (in efficiency units), 

• X is years of experience. 

What is the estimated productivity for an employee with 8 years of experience? 

a) 2.5 

b) 3.5 

c) 4.7 

d) 5.2 

19. The number of COVID-19 cases in a city follows an exponential growth model:𝑪𝒕 =
𝟏𝟎𝟎𝒆𝟎.𝟏𝒕⁡where: 

• Ct is the number of cases at time t (in days), 

• t=0 corresponds to Day 0 with 100 cases. 

Estimate the number of cases after 10 days. 

a) 200 

b) 271 
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c) 500 

d) 1,000 

Case Study 1: E-Commerce Growth 

An e-commerce company tracks the number of users visiting its website. The data shows rapid 

initial growth, which later slows down as the market reaches saturation. 

answers: 

1. Based on this trend, which model that best describe website traffic is Logarithmic model 

2. Suppose the company estimates a model V=200+50ln(T), where V is the number of 

visitors and T is time in months. So, the number of visitors in month 12 is 

V=200+50ln(12)= 324,25 

3. How would the interpretation change if the model was exponential instead of 

logarithmic? 

If the model were exponential instead of logarithmic, it would take the form: 

𝑉 = 𝛽0𝑒
𝛽1𝑡⁡ = 200𝑒50𝑡 

This model suggests that the number of visitors grows at constant percentage relative to its 

current value over time. Instead of slowing growth, each additional month leads 

to multiplicative growth in visitors.  

Case Study 2: Energy Consumption & Population 

Researchers are studying how energy consumption (E) scales with population size (P) in 

different countries. They estimate the following power law model: 𝐸 = 0.5𝑃0.75. 

Answers: 

1. The exponent 0.75 tell us that 1% increase in population size leads to a fixed percentage 

0.75 % change in energy consumption.  

2. If Country A has 50 million people and Country B has 100 million, does Country B 

use twice as much energy?  No, because the exponent 𝛽1 ≠ 0  

E(50)=0.5(50)0.75 =9.40 

E(50)=0.5(100)0.75 =15.81 

As we see here that the value of energy consumption doesn’t double  

3. Why might a power law be more appropriate than a linear model for this relationship? 

A linear model (E=a+bPE=a+bP) assumes that energy consumption increases at a 

constant rate per person, meaning that every additional person adds the same amount of 

energy consumption. However, real-world data often shows that larger populations benefit 

from economies of scale—for example, shared infrastructure, more efficient energy 

distribution, and urbanization effects reduce per capita energy usage. 
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