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Chapter 1 

Introduction to Data Simulation 

Learning Objectives 

By the end of this chapter, students should be able to: 

•  Define data, simulation, and mathematical data simulation in simple terms. 

•  Explain why simulation is an important tool in mathematics and applied science. 

•  State the advantages and disadvantages of simulation as a problem-solving method. 

•  Identify real-life situations in which mathematical data simulation is used. 

•  Solve simple introductory problems that illustrate the idea of simulation. 

 

1.1 Definition of Data 

In everyday language, the word "data" refers to facts, figures, observations, or measurements 

that describe something about the world. In mathematics and statistics, data is defined more 

formally as a set of values collected through observation, measurement, experiment, or record-

keeping, which can be organised, analysed, and interpreted to produce information. 

For example, the ages of 30 students in a MTH216 class, the daily sales figures of a shop in Aba 

for one month, or the temperature readings of Umuahia recorded every hour are all examples of 

data. On their own, raw figures such as "27, 30, 25, 41, 19" mean very little; it is only when we 

organise, summarise, and interpret them that they become useful information. 

Types of Data 

● Qualitative data: descriptive, non-numeric information (e.g. eye colour, brand names, 
marital status). 

● Quantitative data: numeric information that can be measured or counted (e.g. height, 
income, number of customers). 

● Discrete data: values that can only take specific, separate values (e.g. number of children, 
number of cars). 

● Continuous data: values that can take any value within a range (e.g. weight, time, 
temperature). 

● Primary data: data collected first-hand by the researcher for a specific purpose. 

● Secondary data: data that already exists, collected by someone else for another purpose. 



4 
 

1.2 Definition of Simulation 

Simulation is the process of designing a model of a real system and conducting experiments with 

that model, for the purpose of understanding the behaviour of the system or evaluating 

strategies for its operation. In simpler terms, simulation means "imitating" a real situation using 

a model - often a mathematical or computer-based one - so that we can study it, predict 

outcomes, or test decisions without interfering with the real system. 

A flight simulator, for instance, imitates the experience of flying an aircraft so that pilots can be 

trained safely on the ground. In the same way, a bank manager can simulate customer arrival 

patterns to decide how many tellers are needed at the counter, without disrupting real banking 

operations to experiment. 

1.3 Definition of Mathematical Data Simulation 

Mathematical data simulation combines the two ideas above. It is defined as the use of 

mathematical models, equations, probability theory, and numerical/computational techniques 

to imitate the behaviour of a real-world system over time, using data (real or generated) as the 

input, so that outcomes can be studied, predicted, or optimised. 

In mathematical data simulation, we typically: (i) collect or generate data that represents the real 

system, (ii) build a mathematical model that captures the essential rules governing the system, 

(iii) run the model repeatedly - often introducing randomness - to generate simulated outcomes, 

and (iv) analyse the simulated results to draw conclusions about the real system. 

Simulated Output = f(Model, Input Data, Random Variation) 

1.4 Importance of Simulation 

● It allows the study of complex systems that are too difficult to analyse with pure 
mathematics alone. 

● It permits experimentation without the cost, risk, or disruption of experimenting on the 
real system. 

● It helps predict future behaviour of a system based on current data and assumptions. 

● It supports decision-making in business, government, engineering, and science. 

● It saves time,  years of real-world behaviour can be simulated in seconds or minutes on a 
computer. 

● It allows "what-if" analysis: testing different scenarios before committing real resources. 
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1.5 Advantages and Disadvantages of Simulation 

Advantages 

● Safe: risky situations (e.g. aircraft failure, disease outbreaks) can be studied without real 
danger. 

● Cost-effective: cheaper than building and testing real prototypes or systems repeatedly. 

● Flexible: parameters can be changed easily to test many scenarios. 

● Useful for complex, non-linear, or stochastic (random) systems that defy exact 
mathematical solution. 

● Improves understanding of a system's behaviour, bottlenecks, and sensitivities. 

Disadvantages 

● A simulation is only as good as the model and data used; poor assumptions give 
misleading results. 

● Can be time-consuming and computationally expensive to build and run, especially for 
large systems. 

● Requires specialised skills in mathematics, statistics, and programming. 

● Results are approximations, not exact solutions - repeated runs are usually needed to gain 
confidence. 

● There is a risk of over-reliance on simulated results without adequate real-world 
validation. 

1.6 Real-Life Applications of Mathematical Data Simulation 

● Banking: simulating customer queues at GTBank or Access Bank to determine optimal 
staffing. 

● Manufacturing: simulating production lines at Dangote Cement to identify bottlenecks. 

● Healthcare: simulating the spread of a disease to plan hospital bed capacity. 

● Weather forecasting: simulating atmospheric data to predict rainfall and temperature. 

● Transportation: simulating traffic flow to plan road networks in cities like Aba and Owerri. 

● Finance: simulating stock prices and investment returns using probability models. 

● Agriculture: simulating crop yield under different rainfall and fertiliser conditions. 
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1.7 Worked Examples 

Worked Example 1: Identifying Data Types 

Problem: Classify the following as qualitative or quantitative data, and further as discrete or 
continuous where applicable: (a) Number of students in MTH216 class, (b) Colour of a car, (c) 
Height of a building, (d) Religion of a respondent. 

Solution: 

Step 1: (a) Number of students is numeric and countable in whole units → Quantitative, 
Discrete. 

Step 2: (b) Colour of a car is descriptive, not numeric → Qualitative. 

Step 3: (c) Height of a building can take any value within a range (e.g. 15.3 m) → 
Quantitative, Continuous. 

Step 4: (d) Religion is a descriptive category → Qualitative. 

Answer: (a) Discrete quantitative; (b) Qualitative; (c) Continuous quantitative; (d) 
Qualitative. 

 

Worked Example 2: A Simple Manual Simulation 

Problem: A shop owner notices that on any given day, there is a 0.6 probability that fewer 
than 10 customers visit, and a 0.4 probability that 10 or more customers visit. Using a 
sequence of random digits 0–9 (where digits 0–5 represent "fewer than 10 customers" and 
digits 6–9 represent "10 or more customers"), simulate customer traffic for 5 days using the 
digits: 3, 7, 5, 9, 1. 

Solution: 

Step 1: Assign rule: digits 0,1,2,3,4,5 → Fewer than 10 customers (probability 0.6); digits 
6,7,8,9 → 10 or more customers (probability 0.4). 

Step 2: Day 1, digit 3 → Fewer than 10 customers. 

Step 3: Day 2, digit 7 → 10 or more customers. 

Step 4: Day 3, digit 5 → Fewer than 10 customers. 

Step 5: Day 4, digit 9 → 10 or more customers. 

Step 6: Day 5, digit 1 → Fewer than 10 customers. 

Answer: Simulated pattern over 5 days: Low, High, Low, High, Low customer traffic - 3 low 
days and 2 high days, roughly matching the given probabilities. 

 

Worked Example 3: Interpreting a Simple Mathematical Model 
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Problem: A savings model is given by A = P(1 + r)^t, where P = ₦50,000, r = 0.05 per year, and 
t = 3 years. Simulate (compute) the amount A after 3 years. 

Solution: 

Step 1: Write down the formula: A = P(1 + r)^t. 

Step 2: Substitute values: A = 50000(1 + 0.05)^3 = 50000(1.05)^3. 

Step 3: Compute (1.05)^3 = 1.157625. 

Step 4: Multiply: A = 50000 × 1.157625 = 57,881.25. 

Answer: A ≈ ₦57,881.25 after 3 years. 

 

 

Worked Example 4: Advantages of Simulation in Practice 

Problem: State one advantage of simulation that would be relevant if the Nigerian Ministry of 
Health wanted to plan hospital capacity for a possible disease outbreak, rather than waiting 
for the outbreak to happen. 

Solution: 

Step 1: Identify the real constraint: it is unsafe and impractical to "test" an actual outbreak 
to know how many beds are needed. 

Step 2: Identify what simulation offers instead: a mathematical/computer model can 
imitate how the disease might spread using assumed infection and recovery rates. 

Step 3: Link to decision-making: the simulated results allow planners to estimate peak bed 
demand and prepare in advance, safely and at low cost. 

Answer: Advantage: Simulation allows safe, low-cost, advance planning for hospital 
capacity without waiting for a real outbreak to occur. 

 

1.8 Practice Exercises 

1. Define, in your own words, (a) data, (b) simulation, (c) mathematical data simulation. 

2. List and briefly explain three advantages and two disadvantages of simulation. 

3. Give two real-life examples of mathematical data simulation from Nigerian industries, 
other than the ones discussed in this chapter. 

4. A trader records that 70% of days are "good sales" days and 30% are "poor sales" days. 
Using the digits 0–6 for good sales and 7–9 for poor sales, simulate 5 days of trading using the 
random digits: 2, 8, 4, 9, 0. 

5. Explain, with an example, the difference between primary data and secondary data. 
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Chapter Summary - Key Points 

•  Data is a collection of facts or figures that becomes information once organised and 
interpreted. 

•  Simulation imitates a real system using a model, allowing safe and low-cost 
experimentation. 

•  Mathematical data simulation uses mathematical models, data, and randomness to imitate 
real systems and predict outcomes. 

•  Simulation is important because it saves time, reduces cost and risk, and supports better 
decision-making. 

•  Simulation has advantages (safety, flexibility, cost savings) and disadvantages (dependence 
on model quality, computational cost). 

•  Mathematical data simulation is widely applied in banking, manufacturing, healthcare, 
transportation, finance, and agriculture. 

 

1.9 Review Questions  

1. (a) Define mathematical data simulation. (3 marks) (b) State four importance of 
simulation in modern industry. (4 marks) 

2. Distinguish between qualitative and quantitative data, giving two examples of each. (5 
marks) 

3. With the aid of one worked example, show how random digits can be used to simulate a 
simple business scenario. (6 marks) 

4. Discuss three advantages and three disadvantages of using simulation to study real-life 
systems. (6 marks) 

5. A firm in Onitsha wants to decide whether to introduce simulation into its production 
planning. Advise the firm, using at least three points, on why mathematical data simulation would 
benefit its operations. (5 marks) 

 


