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Using your Study Guide 
Welcome to the study guide, designed to support you in completing your Level 4 Diploma in 
Information Technology. 

 
This study guide follows the order of the syllabus, which is the basis for your studies. Each 
chapter starts by listing the syllabus learning outcomes covered and the assessment criteria. 

 

Level 4 Units 

 

 
The study guide includes a number of features to enhance your studies: 

 

📝 'Over to you:' activities for you to apply what you have learned. 

🌍 'Industry Insights:' discover up-to-date trends, expert opinions, and real-world 
examples from leading organisations in the IT industry. 

🧭 'Did you know?' highlights interesting facts or surprising information to deepen 
your understanding of mathematical and statistical concepts. 

💼 'Case studies:' realistic business scenarios to reinforce and test your 
understanding. 

❗ 'Need to know:' key pieces of information highlighted in the text. 

💡 'Examples:' illustrating points made in the text to show how it works in 
practice. 

 
Note: Website addresses current as of March 2026. 
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Level 4 Mathematics and Statistics for IT 

About this unit 

This unit aims to provide you with the mathematical and statistical skills needed to analyse 
and solve problems within the field of information technology. Mathematics is the language 
that underpins computing – from the binary number systems that form the basis of all digital 
processing to the algorithms that drive artificial intelligence and machine learning. 

 
The unit covers essential mathematical topics including number systems, logic, relations, 
functions, quadratic equations, simultaneous equations, polynomial equations, exponential 
and logarithmic functions, coordinate geometry and matrices. You will learn not just how to 
perform calculations, but why these mathematical concepts matter in IT and how they are 
applied in real-world computing scenarios. 

 
The statistics component equips you with descriptive and analytical methods for dealing with 
variability in observed data. You will study graphical presentation of data, descriptive 
statistics, index numbers, correlation and regression, time series analysis, probability theory 
and statistical inference. These skills are increasingly vital in an era of big data, data 
science, and evidence-based decision-making. 

 
By the end of this unit, you will be able to confidently apply mathematical and statistical 
reasoning to IT problems, interpret data meaningfully, and communicate quantitative findings 
clearly. 
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Chapter One –  The Mathematics Underpinning 
Information Technology 

Introduction 

This chapter explores the mathematical foundations that underpin modern information 
technology. Mathematics is not merely a prerequisite for IT – it is woven into the fabric of 
every computational process, from the simplest spreadsheet calculation to the most 
sophisticated machine learning algorithm. 

 
You will study quadratic equations and their roots, the rules of exponents and logarithms, the 
concept of a function and its domain and range, and how to convert between exponential 
and logarithmic forms. You will then apply these concepts to compute maximum and 
minimum values, work with composite and inverse functions, explore coordinate geometry, 
and analyse various types of equations – including their applications in hardware design and 
system optimisation. 

 
The ability to think mathematically – to recognise patterns, construct logical arguments, and 
solve problems systematically – is one of the most valuable skills you can develop as an IT 
professional. 

 

Learning Outcomes 

On completing the chapter, you will be able to: 

1.​ Understand mathematics underpinning information technology. 

 

Assessment Criteria 

1.1 Explain the nature of the roots of quadratic equations, the rules of exponents and 
logarithms and a function. 

1.2 Explain the relationship between a domain, range and function. 

1.3 Rewrite an exponential equation in logarithmic form and a logarithmic equation in 
exponential form. 

1.4 Compute maximum and minimum values of quadratic functions, composite functions, 
inverse functions, the area of a polygon, the equation of a straight line, locus, measures of 
central tendency and measures of dispersion and probability. 

1.5 Analyse the impact of quadratic inequalities, polynomial equations, exponential 
equations, logarithmic equations and simultaneous equations on hardware design. 
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1.1 Quadratic equations, exponents, logarithms and functions 

📝 Over to you – Video Watch: Algebra Foundations 

Watch this YouTube video: 
Title: Algebra Basics: What Are Polynomials? – Math Antics 
Duration: 11:05 
Link: https://www.youtube.com/watch?v=ffLLmV4mZwU 

After watching, write down the difference between a linear, quadratic and cubic equation. 
Why do you think quadratic equations appear so often in computing and physics? 

 
Quadratic Equations 

A quadratic equation is a second-degree polynomial equation of the form ax² + bx + c = 0, 
where a, b and c are constants and a ≠ 0. Quadratic equations are fundamental in IT 
because they model many real-world phenomena including signal processing, projectile 
motion in game physics, and optimisation problems in algorithm design. 

 
The Nature of Roots 

The solutions (or ‘roots’) of a quadratic equation can be found using the quadratic formula: x 
= (–b ± √(b² – 4ac)) / 2a. The expression under the square root sign, b² – 4ac, is called the 
discriminant (Δ), and it determines the nature of the roots: 

•​ If Δ > 0: the equation has two distinct real roots (the parabola crosses the x-axis at 
two points). 

•​ If Δ = 0: the equation has one repeated real root (the parabola touches the x-axis at 
exactly one point). 

•​ If Δ < 0: the equation has no real roots – the roots are complex/imaginary (the 
parabola does not cross the x-axis). 

 
Understanding the discriminant is essential because it tells you about the behaviour of a 
system before you solve it fully. In IT, this is analogous to checking whether a computation 
will produce valid outputs before running it. 

 

💡 Example – Solving a Quadratic Equation 

Solve 2x² + 5x – 3 = 0 

Here a = 2, b = 5, c = –3 

Discriminant: Δ = 5² – 4(2)(–3) = 25 + 24 = 49 

Since Δ > 0, there are two distinct real roots. 

x = (–5 ± √49) / (2 × 2) = (–5 ± 7) / 4 

x = 1/2 or x = –3 
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🧭 Did you know? 

The quadratic formula was first described by ancient Babylonian mathematicians around 
2000 BCE, over 4,000 years ago. Today, it is implemented in countless software 
applications – from computer-aided design (CAD) tools to physics engines in video 
games. 

 
Rules of Exponents (Indices) 

Exponents (also called indices or powers) express repeated multiplication. For example, 2³ = 
2 × 2 × 2 = 8. The rules of exponents are used extensively in computing, particularly in 
analysing algorithm complexity (Big O notation), understanding data storage capacities 
(powers of 2), and working with exponential growth and decay. 

 
The key rules of exponents are: 

•​ Product rule: aᵐ × aⁿ = aᵐ⁺ⁿ 
•​ Quotient rule: aᵐ ÷ aⁿ = aᵐ⁻ⁿ 
•​ Power rule: (aᵐ)ⁿ = aᵐⁿ 
•​ Zero exponent: a⁰ = 1 (for any a ≠ 0) 
•​ Negative exponent: a⁻ⁿ = 1/aⁿ 
•​ Fractional exponent: a½ = √a 

 

🌍 Industry Insight – Powers of 2 in Computing 

In computing, data is stored in binary (base 2). This means that storage capacities are 
based on powers of 2. One kilobyte (KB) is 2¹⁰ = 1,024 bytes, one megabyte (MB) is 2²⁰ = 
1,048,576 bytes, and one gigabyte (GB) is 2³⁰ = 1,073,741,824 bytes. Understanding 
exponents is therefore essential for working with memory, storage, and data transfer 
calculations in IT. 

Algorithm efficiency is also expressed using exponents. An O(n²) algorithm takes 
significantly longer than an O(n log n) algorithm as the input size (n) grows – 
understanding this relationship helps you choose the right algorithm for a given task. 

 
Logarithms 

A logarithm is the inverse operation of exponentiation. If aᵇ = c, then logₐ(c) = b. In other 
words, the logarithm answers the question: ‘To what power must I raise the base (a) to get 
the result (c)?’ 

 
The key rules of logarithms mirror the rules of exponents: 

•​ Product rule: log(xy) = log(x) + log(y) 
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•​ Quotient rule: log(x/y) = log(x) – log(y) 
•​ Power rule: log(xⁿ) = n × log(x) 
•​ Change of base: logₐ(x) = log₂(x) / log₂(a) 

 
Logarithms are central to IT. The binary logarithm (log₂) is used to measure information 
content in bits, analyse the efficiency of binary search algorithms (O(log n)), and calculate 
the depth of binary trees. The natural logarithm (ln, base e) appears throughout calculus, 
machine learning, and information theory. 

 

🧭 Did you know? 

The concept of logarithms was invented by John Napier in 1614 to simplify complex 
calculations. Before electronic calculators, scientists and engineers used logarithm tables 
and slide rules to perform multiplication and division. Today, logarithmic scales are used 
everywhere in IT – from the decibel scale for signal strength to the Richter scale for 
earthquake magnitude. 

 
Functions 

A function is a mathematical relationship that assigns exactly one output to each input. If you 
think of a function as a machine, you feed it an input (x), it applies a rule, and it produces an 
output (y or f(x)). For example, f(x) = 2x + 3 means that for any input x, the output is twice x 
plus three. 

 
Functions are fundamental to programming. Every function you write in a programming 
language – whether it takes a number and returns its square, or takes a string and returns its 
length – is a direct implementation of this mathematical concept. Understanding the 
mathematical properties of functions (such as whether they are one-to-one, onto, or 
invertible) helps you write better, more predictable code. 

 

📝 Over to you – Video Watch: Introduction to Functions 

Watch this YouTube video: 
Title: Functions – Crash Course Algebra #17 
Duration: 13:22 
Link: https://www.youtube.com/watch?v=VUTXsPFx-qQ 

After watching, describe in your own words what makes a relation a function. Can you 
think of a programming example where understanding functions mathematically would be 
useful? 

 

📝 Over to you – Practice Activity 
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1. Determine the nature of the roots of 3x² – 4x + 5 = 0 using the discriminant. 

2. Simplify: (2³ × 2⁵) / 2² 

3. If log₂(x) = 5, what is x? 

4. Given f(x) = x² + 1, find f(3) and f(–2). 

Write your solutions clearly, showing all working. 
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1.2 Domain, range and function 

Understanding the relationship between a function’s domain, range and mapping rule is 
essential for writing robust software and designing reliable systems. 

 
Domain 

The domain of a function is the complete set of input values (x-values) for which the function 
is defined. For example, the function f(x) = 1/x has a domain of all real numbers except zero, 
because dividing by zero is undefined. Similarly, f(x) = √x has a domain of x ≥ 0, because 
you cannot take the square root of a negative number in the real number system. 

 
In programming, the concept of domain maps directly to input validation. When you define a 
function that accepts a parameter, you need to consider which inputs are valid and what 
should happen if an invalid input is received. A function that calculates the square root 
should reject negative inputs or handle them with appropriate error handling – this is domain 
checking in practice. 

 
Range 

The range of a function is the complete set of output values (y-values) that the function can 
produce. For f(x) = x², the range is y ≥ 0, because squaring any real number always 
produces a non-negative result. For f(x) = sin(x), the range is –1 ≤ y ≤ 1. 

 
In IT, understanding the range of a function helps you predict what outputs your system will 
produce and allocate appropriate data types and storage. If you know a function’s output will 
always be a positive integer less than 256, for example, you can store it in a single unsigned 
byte. 

 
Types of Functions 

•​ One-to-one (injective) – each input maps to a unique output (no two inputs produce 
the same output). Important for hash functions and encryption. 

•​ Onto (surjective) – every element in the range is mapped to by at least one element 
in the domain. 

•​ Bijective – both one-to-one and onto. Bijective functions have inverses, which is 
critical for encryption/decryption pairs. 

•​ Piecewise functions – defined by different rules for different parts of the domain. 
Used in fee calculations, tax brackets, and conditional logic. 

 

🌍 Industry Insight – Functions in Cryptography 

Modern encryption relies on mathematical functions with specific properties. A good 
encryption function must be bijective (one-to-one and onto) so that every encrypted 
message can be uniquely decrypted. Public-key cryptography (used in HTTPS, digital 
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signatures, and blockchain) depends on ‘trapdoor functions’ – functions that are easy to 
compute in one direction but extremely difficult to reverse without a secret key. The RSA 
algorithm, for example, relies on the mathematical difficulty of factoring large prime 
numbers. 

Read more: Khan Academy – Cryptography: 
https://www.khanacademy.org/computing/computer-science/cryptography 

 

📝 Over to you – Practice Activity 

For each function below, state the domain and range: 

a) f(x) = 3x + 2 

b) g(x) = √(x – 4) 

c) h(x) = 1 / (x + 3) 

d) p(x) = x² – 9 

For each, explain whether the function is one-to-one and justify your answer. 
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1.3 Exponential and logarithmic forms 

Exponential and logarithmic equations are two sides of the same coin. Being able to fluently 
convert between them is a critical mathematical skill for IT, because many computing 
problems are naturally expressed in one form but easier to solve in the other. 

 
Converting Between Forms 

The fundamental relationship is: if aᵇ = c, then logₐ(c) = b. This means: 

•​ Exponential form: 2⁵ = 32 ↔ Logarithmic form: log₂(32) = 5 
•​ Exponential form: 10³ = 1000 ↔ Logarithmic form: log₁₀(1000) = 3 
•​ Exponential form: e² ≈ 7.389 ↔ Logarithmic form: ln(7.389) ≈ 2 

 

💡 Example – Converting Forms 

Rewrite 5³ = 125 in logarithmic form: 

Answer: log₅(125) = 3 

 
Rewrite log₄(64) = 3 in exponential form: 

Answer: 4³ = 64 

 
Solve: 2ˣ = 16 

Rewrite as: x = log₂(16) = 4 

 
Exponential Functions in IT 

Exponential functions model processes where growth or decay occurs at a rate proportional 
to the current value. In IT, exponential growth appears in: 

•​ Moore’s Law – the observation that the number of transistors on a microchip doubles 
approximately every two years, leading to exponential growth in computing power. 

•​ Network effects – the value of a network (like the internet or a social media platform) 
grows exponentially with the number of connected users (Metcalfe’s Law). 

•​ Cybersecurity – the strength of encryption keys grows exponentially with key length. 
A 256-bit key has 2²⁵⁶ possible combinations – a number so large it would take longer 
than the age of the universe to crack by brute force. 

•​ Data growth – the volume of data generated globally is growing exponentially. The 
ability to manage and analyse this data is one of the defining challenges of modern 
IT. 

 

🧭 Did you know? 
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Moore’s Law predicted that computing power would double approximately every two 
years. Since Intel co-founder Gordon Moore made this observation in 1965, it has held 
broadly true for over five decades. A modern smartphone has more computing power than 
the entire Apollo space programme used to land astronauts on the Moon in 1969. 

 
Logarithmic Functions in IT 

Logarithmic functions are the inverse of exponential functions, and they appear wherever 
exponential processes are measured or controlled: 

•​ Algorithm complexity – binary search has O(log n) complexity, meaning it can find an 
item in a sorted list of a million items in just about 20 steps. 

•​ Information theory – Claude Shannon’s information entropy, which measures the 
amount of information in a message, is calculated using logarithms. 

•​ Signal processing – the decibel scale used to measure signal strength in 
telecommunications is logarithmic. 

•​ pH scale, Richter scale – many scientific and engineering measurement systems 
used in IT-adjacent fields are logarithmic. 

 

📝 Over to you – Video Watch: Logarithms Explained 

Watch this YouTube video: 
Title: Logarithms Explained – Basics of Logarithms – Math Antics 
Duration: 12:07 
Link: https://www.youtube.com/watch?v=ntBWrcbAhaY 

After watching, explain why logarithms are called the ‘inverse’ of exponents. Can you 
describe a computing scenario where logarithmic thinking is useful? 

 
Solving Exponential and Logarithmic Equations 

To solve exponential equations, take the logarithm of both sides. To solve logarithmic 
equations, rewrite in exponential form. 

 

💡 Example – Solving Equations 

Solve: 3ˣ = 81 

Take log base 3: x = log₃(81) = 4 (because 3⁴ = 81) 

 
Solve: log₂(x) + log₂(x – 2) = 3 

Combine: log₂(x(x – 2)) = 3 

Convert to exponential: x(x – 2) = 2³ = 8 
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Expand: x² – 2x – 8 = 0 

Factorise: (x – 4)(x + 2) = 0, so x = 4 (rejecting x = –2 as it is outside the domain) 

 

📝 Over to you – Practice Problems 

1. Rewrite 7² = 49 in logarithmic form. 

2. Rewrite log₃(27) = 3 in exponential form. 

3. Solve: 5ˣ = 625 

4. Solve: log(x) + log(x + 3) = 1 (base 10) 

5. If a computer network doubles in size every year and starts with 100 nodes, write an 
exponential equation for the number of nodes after t years. How many years until there 
are 3,200 nodes? 
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1.4 Computing values: quadratic functions, composites, inverses and 
more 

This section covers a range of computational techniques that are essential for IT 
professionals. You will learn to find maximum and minimum values of quadratic functions, 
work with composite and inverse functions, calculate the area of polygons, derive the 
equation of a straight line, understand the concept of locus, and apply measures of central 
tendency, dispersion and probability. 

 
Maximum and Minimum Values of Quadratic Functions 

A quadratic function f(x) = ax² + bx + c produces a parabola when graphed. If a > 0, the 
parabola opens upward and has a minimum value at its vertex. If a < 0, it opens downward 
and has a maximum value. The vertex occurs at x = –b / (2a), and the minimum or maximum 
value is f(–b / (2a)). 

 
In IT, optimisation is one of the most important applications of mathematics. Finding 
minimum values is used in machine learning (minimising error functions during training), 
network routing (finding the shortest path), and resource allocation (minimising cost or time). 
Finding maximum values appears in profit maximisation, signal strength optimisation, and 
performance tuning. 

 

💡 Example – Finding the Vertex 

Find the minimum value of f(x) = 2x² – 8x + 5 

Vertex at x = –(–8) / (2 × 2) = 8/4 = 2 

f(2) = 2(4) – 8(2) + 5 = 8 – 16 + 5 = –3 

The minimum value is –3, occurring at x = 2. 

 
Composite Functions 

A composite function combines two functions, where the output of one becomes the input of 
the other. If f(x) = 2x + 1 and g(x) = x², then the composite function (f ∘ g)(x) = f(g(x)) = f(x²) = 
2x² + 1. The order matters: (g ∘ f)(x) = g(f(x)) = g(2x + 1) = (2x + 1)² ≠ (f ∘ g)(x). 

 
Composite functions are directly analogous to function composition in programming. When 
you chain functions together – for example, applying a filter, then a sort, then a 
transformation to a dataset – you are creating composite functions. Understanding their 
mathematical properties helps you predict the output and avoid errors. 

 
Inverse Functions 
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The inverse of a function ‘undoes’ what the original function did. If f(x) = 2x + 3, then f⁻¹(x) = 
(x – 3)/2. To find the inverse, swap x and y and solve for y. A function has an inverse if and 
only if it is one-to-one (bijective). 

 
Inverse functions are central to cryptography: encryption and decryption are inverse 
operations. They also appear in data transformation (encoding and decoding), unit 
conversions, and undoing operations in spreadsheets and databases. 

 
Coordinate Geometry and the Equation of a Straight Line 

Coordinate geometry places algebraic equations in a visual, spatial context. The equation of 
a straight line can be expressed in several forms: 

•​ Slope-intercept form: y = mx + c (where m is the gradient and c is the y-intercept) 
•​ Point-slope form: y – y₁ = m(x – x₁) 
•​ General form: ax + by + c = 0 

 
The gradient (slope) of a line is calculated as m = (y₂ – y₁) / (x₂ – x₁). Two lines are parallel if 
they have the same gradient, and perpendicular if the product of their gradients is –1. 

 
In IT, coordinate geometry is essential for computer graphics, game development, 
geographical information systems (GIS), user interface design, and any application that 
involves plotting or interpreting spatial data. 

 

🌍 Industry Insight – Mathematics in Machine Learning 

Machine learning algorithms rely heavily on the mathematical concepts covered in this 
section. Linear regression uses the equation of a straight line (y = mx + c) to model 
relationships between variables. Gradient descent – the optimisation algorithm at the heart 
of most neural networks – uses calculus and coordinate geometry to find the minimum of 
error functions. Understanding these mathematical foundations is essential if you aspire to 
work in data science, AI, or machine learning. 

Read more: Google’s Machine Learning Crash Course: 
https://developers.google.com/machine-learning/crash-course 

 
Measures of Central Tendency and Dispersion 

While these topics bridge mathematics and statistics, they are included here because they 
involve fundamental computational skills: 

•​ Mean – the arithmetic average: sum of all values divided by the number of values. 
Sensitive to outliers. 

•​ Median – the middle value when data is arranged in order. More robust than the 
mean for skewed data. 

•​ Mode – the most frequently occurring value. Useful for categorical data. 

17 
 



 

•​ Range – the difference between the largest and smallest values. A simple measure 
of spread. 

•​ Variance – the average of the squared differences from the mean. Measures how 
spread out the data is. 

•​ Standard deviation – the square root of the variance. The most commonly used 
measure of dispersion, expressed in the same units as the data. 

 

🧭 Did you know? 

In network performance monitoring, the mean response time tells you the average speed 
of your system, but the standard deviation tells you how consistent that performance is. A 
system with a mean response time of 50ms but a standard deviation of 100ms is far less 
reliable than one with a mean of 60ms and a standard deviation of 5ms – even though its 
average is faster. This is why understanding both central tendency and dispersion is 
crucial in IT. 

 
Probability 

Probability measures the likelihood of an event occurring, expressed as a number between 0 
(impossible) and 1 (certain). The probability of an event A is calculated as P(A) = number of 
favourable outcomes / total number of possible outcomes. Key concepts include: 

•​ Independent events – the occurrence of one does not affect the other. P(A and B) = 
P(A) × P(B). 

•​ Mutually exclusive events – they cannot occur simultaneously. P(A or B) = P(A) + 
P(B). 

•​ Conditional probability – P(A|B) = P(A and B) / P(B). 
•​ Permutations and combinations – permutations count ordered arrangements (nPr), 

combinations count unordered selections (nCr). 
 
Probability is fundamental to IT in areas including risk assessment, quality assurance 
testing, network reliability analysis, cryptographic security (the probability of guessing a key), 
machine learning (probabilistic models), and A/B testing in web development. 

 

💼 Case Study – Password Security 

A company requires passwords that are exactly 8 characters long, using only lowercase 
letters (26 options per character). How many possible passwords exist? If an attacker can 
try 1 billion passwords per second, how long would it take to try every combination? 

 
Total combinations: 26⁸ = 208,827,064,576 (≈ 209 billion) 

Time to brute-force: 208,827,064,576 / 1,000,000,000 ≈ 209 seconds (≈ 3.5 minutes) 
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Task: Calculate how this changes if the password includes uppercase letters (52 options), 
then add digits (62 options), then add special characters (95 options). What does this tell 
you about password security policies? How does increasing password length from 8 to 12 
characters affect security? 
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1.5 Inequalities, polynomial, exponential, logarithmic and simultaneous 
equations on hardware design 

This section examines more advanced equation types and their impact on hardware design 
and IT system optimisation. Understanding how to solve and analyse these equations is 
essential for making informed decisions about system architecture, performance, and 
constraints. 

 
Quadratic Inequalities 

A quadratic inequality takes the form ax² + bx + c > 0 (or <, ≥, ≤). Solving these involves 
finding the roots of the corresponding equation and then testing intervals to determine where 
the inequality holds. In IT, inequalities define constraints – for example, the range of input 
values a sensor can accept, the performance thresholds a system must meet, or the 
conditions under which an algorithm is efficient. 

 
Polynomial Equations 

Polynomial equations of degree n have the form a�xⁿ + a�₋₁xⁿ⁻¹ + ... + a₁x + a₀ = 0. 
Higher-degree polynomials are used in curve fitting, interpolation, and signal processing. In 
computer graphics, cubic polynomials (degree 3) are used for Bézier curves and splines, 
which define smooth curves for fonts, animations, and user interface elements. 

 
Simultaneous Equations 

Simultaneous equations are sets of equations that share common variables and must be 
solved together. Methods include substitution, elimination, and matrix methods (Gaussian 
elimination). In IT, simultaneous equations arise in: 

•​ Network analysis – Kirchhoff’s laws in circuit design produce simultaneous equations 
that must be solved to determine current and voltage values. 

•​ Computer graphics – finding the intersection of lines and surfaces requires solving 
simultaneous equations. 

•​ Linear programming – optimisation problems with multiple constraints are expressed 
as systems of simultaneous inequalities. 

•​ Machine learning – training linear models involves solving large systems of equations 
using matrix algebra. 

 
Impact on Hardware Design 

Mathematics is not abstract in the context of hardware design – it is directly applied: 

•​ Signal timing – the timing of electrical signals in circuits is modelled using exponential 
equations (RC circuits follow exponential charge and discharge curves). 

•​ Power consumption – the relationship between voltage, frequency, and power in 
processors follows polynomial relationships (P ∝ V² × f), which is why reducing 
voltage can dramatically reduce power consumption. 
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•​ Heat dissipation – thermal management in hardware relies on exponential cooling 
models (Newton’s law of cooling). 

•​ Transistor scaling – the behaviour of transistors at nanometre scales is modelled 
using logarithmic and exponential equations, which are essential for chip design at 
firms like Intel, AMD, and TSMC. 

 

📝 Over to you – Video Watch: How Computers Add Numbers 

Watch this YouTube video: 
Title: How Computers Calculate – the ALU: Crash Course Computer Science #5 
Duration: 11:09 
Link: https://www.youtube.com/watch?v=1I5ZMmrOfnA 

After watching, reflect on how the mathematical logic of addition and subtraction is 
implemented at the hardware level. How do the mathematical concepts you have studied 
in this chapter underpin the design of the ALU? 

 

📝 Over to you – Research Task 

Research the relationship P = CV²f (where P is dynamic power consumption, C is 
capacitance, V is voltage, and f is frequency) in processor design. Write a 300-word 
explanation of why reducing voltage by 50% reduces power consumption by 75%, and 
discuss the practical implications for mobile and laptop chip design. 

Useful resource: https://www.anandtech.com/ (search for ‘power efficiency’) 
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Summary 

In this chapter, you have explored the mathematical foundations that underpin information 
technology. You have studied quadratic equations and the discriminant, the rules of 
exponents and logarithms, and the concept of functions including their domain and range. 
You have learned to convert between exponential and logarithmic forms, compute maximum 
and minimum values of quadratic functions, work with composite and inverse functions, and 
apply coordinate geometry. You have also examined how quadratic inequalities, polynomial 
equations, exponential equations, logarithmic equations and simultaneous equations are 
applied in hardware design and IT system optimisation. These mathematical skills provide 
the quantitative foundation for everything you will encounter in your IT career. 
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Chapter Two – The Statistics Underpinning Information 
Technology 

Introduction 

This chapter explores the statistical concepts and methods that are essential for IT 
professionals working with data. In the age of big data, data science, and evidence-based 
decision-making, the ability to collect, summarise, visualise, analyse, and interpret data is 
one of the most valuable skills you can possess. 

 
You will study descriptive statistics (summarising and presenting data), probability theory 
(modelling uncertainty), probability distributions (including the normal distribution), and 
inferential statistics (drawing conclusions about a population from a sample). You will also 
explore correlation, regression, time series analysis, and hypothesis testing – all of which are 
widely used in IT for performance monitoring, quality control, predictive analytics, and 
business intelligence. 

 

Learning Outcomes 

On completing the chapter, you will be able to: 

1.​ Understand the statistics underpinning information technology. 

 

Assessment Criteria 

2.1 Calculate summary measures correctly. 

2.2 Define and interpret probability models. 

2.3 Evaluate methods of estimation and hypothesis testing. 

2.4 Analyse the concepts of statistical methodologies. 
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2.1 Summary measures 

Summary measures (also called descriptive statistics) allow you to condense large datasets 
into meaningful numbers that describe the data’s centre, spread, and shape. Before 
performing any advanced analysis, you should always begin by summarising your data. 

 

📝 Over to you – Video Watch: Descriptive Statistics 

Watch this YouTube video: 
Title: Statistics – Introduction to Statistics: Crash Course Statistics #1 
Duration: 12:59 
Link: https://www.youtube.com/watch?v=sxQaBpKfDRk 

After watching, explain in your own words why statistics matters for IT professionals. What 
is the difference between descriptive and inferential statistics? 

 
Variables, Data Types and Collection 

Before analysing data, you must understand what kind of data you are working with: 

•​ Quantitative (numerical) data – discrete (countable, e.g. number of website visitors) 
or continuous (measurable, e.g. response time in milliseconds). 

•​ Qualitative (categorical) data – nominal (no natural order, e.g. browser type) or 
ordinal (ordered categories, e.g. customer satisfaction rating from 1 to 5). 

 
Data can be collected through primary methods (surveys, experiments, observations) or 
secondary methods (existing databases, published reports, APIs). Sampling methods 
include random sampling, stratified sampling, cluster sampling, and systematic sampling. 
The choice of sampling method affects the validity and reliability of your conclusions. 

 
Frequency Distributions and Presentation of Data 

A frequency distribution shows how data values are distributed across different categories or 
intervals. Data can be presented using: 

•​ Frequency tables – showing the count of observations in each category or class 
interval. 

•​ Histograms – bar charts for continuous data, where bars touch to indicate continuous 
intervals. 

•​ Bar charts – for categorical or discrete data, with gaps between bars. 
•​ Pie charts – showing proportions as segments of a circle. 
•​ Box plots (box-and-whisker diagrams) – showing the median, quartiles, and potential 

outliers at a glance. 
•​ Scatter plots – showing the relationship between two numerical variables. 
•​ Line graphs – showing trends over time (time series). 
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In IT, data visualisation is a critical skill. Dashboards in tools like Power BI, Tableau, and 
Grafana rely on these fundamental chart types to present system performance metrics, user 
analytics, and business intelligence data. 

 
Measures of Location (Central Tendency) 

Measures of central tendency describe the ‘typical’ or ‘central’ value of a dataset: 

•​ Arithmetic mean (x̄) – the sum of all values divided by the number of values. Most 
commonly used but sensitive to outliers. 

•​ Median – the middle value when data is sorted. Robust against outliers and preferred 
for skewed data. 

•​ Mode – the most frequently occurring value. Can have more than one mode 
(bimodal, multimodal) or no mode. 

•​ Weighted mean – each value is multiplied by a weight reflecting its importance, then 
divided by the sum of weights. 

 
Measures of Dispersion 

Dispersion measures tell you how spread out or variable the data is: 

•​ Range – max value minus min value. Simple but affected by extreme values. 
•​ Interquartile range (IQR) – Q3 minus Q1. Measures the spread of the middle 50% of 

data. More robust than the range. 
•​ Variance (σ²) – the average of the squared deviations from the mean. 
•​ Standard deviation (σ) – the square root of the variance. Most commonly used 

measure of spread. 
•​ Coefficient of variation (CV) – the standard deviation divided by the mean, expressed 

as a percentage. Useful for comparing variability between datasets with different 
units or scales. 

 
Skewness 

Skewness measures the asymmetry of a distribution. A positively skewed distribution has a 
long tail to the right (mean > median > mode), while a negatively skewed distribution has a 
long tail to the left (mean < median < mode). A symmetric distribution has zero skewness. 
Understanding skewness is important in IT because many real-world datasets (e.g. website 
response times, income distributions) are skewed, and using the wrong summary measure 
can lead to misleading conclusions. 

 

💡 Example – Computing Summary Statistics 

Dataset: Server response times (in ms): 12, 15, 14, 18, 13, 15, 16, 14, 15, 20 

Mean = (12+15+14+18+13+15+16+14+15+20)/10 = 152/10 = 15.2 ms 

Sorted: 12, 13, 14, 14, 15, 15, 15, 16, 18, 20 
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Median = (15 + 15)/2 = 15 ms 

Mode = 15 ms (occurs 3 times) 

Range = 20 – 12 = 8 ms 

 

📝 Over to you – Spreadsheet Activity 

Open Microsoft Excel (or Google Sheets). Enter the following dataset representing daily 
website visits over two weeks: 450, 520, 480, 610, 390, 470, 550, 500, 630, 420, 580, 
490, 510, 560. 

Use built-in functions (AVERAGE, MEDIAN, MODE, STDEV, VAR) to calculate the mean, 
median, mode, standard deviation, and variance. Create a histogram and a box plot of the 
data. Write a 200-word interpretation of your findings. 
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2.2 Probability models 

Probability theory provides the mathematical framework for modelling uncertainty and 
making decisions under conditions of incomplete information. In IT, probability is everywhere 
– from calculating the likelihood of a system failure to predicting user behaviour to training 
machine learning models. 

 
Fundamentals of Probability 

An experiment is any process that produces an observation. The sample space (S) is the set 
of all possible outcomes. An event is a subset of the sample space. The probability of an 
event A is P(A) = n(A)/n(S), where n(A) is the number of favourable outcomes and n(S) is 
the total number of equally likely outcomes. Probability values range from 0 (impossible) to 1 
(certain). 

 
Key probability rules include: 

•​ Addition rule: P(A or B) = P(A) + P(B) – P(A and B) 
•​ For mutually exclusive events: P(A or B) = P(A) + P(B) 
•​ Multiplication rule for independent events: P(A and B) = P(A) × P(B) 
•​ Conditional probability: P(A|B) = P(A and B) / P(B) 
•​ Bayes’ theorem: P(A|B) = P(B|A) × P(A) / P(B) – essential for spam filters, medical 

diagnosis, and machine learning. 
 
Permutations and Combinations 

Permutations count the number of ordered arrangements of items: nPr = n! / (n – r)!. 
Combinations count the number of unordered selections: nCr = n! / (r!(n – r)!). These are 
used in cryptography (calculating possible key combinations), network routing (counting 
possible paths), and quality assurance (determining how many test cases are needed to 
cover all combinations of inputs). 

 

🧭 Did you know? 

Bayesian probability, named after the Reverend Thomas Bayes (1702–1761), is the 
foundation of many modern AI systems. Email spam filters use Bayesian classification to 
calculate the probability that a message is spam based on the words it contains. Every 
time you mark an email as spam or not spam, you are helping to update the Bayesian 
model. 

 
Discrete Probability Distributions 

A probability distribution assigns a probability to each possible outcome. For discrete 
random variables: 
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•​ Binomial distribution – models the number of successes in a fixed number of 
independent trials with constant probability (e.g. the number of defective items in a 
batch of 100, the number of successful network connections out of 50 attempts). 

•​ Poisson distribution – models the number of events occurring in a fixed interval of 
time or space (e.g. the number of server requests per minute, the number of security 
incidents per month). 

 
The Normal Distribution 

The normal distribution (also called the Gaussian distribution or bell curve) is the most 
important continuous probability distribution. It is characterised by its mean (μ) and standard 
deviation (σ), and it has the following properties: 

•​ It is symmetric about the mean. 
•​ Approximately 68% of data falls within 1 standard deviation of the mean. 
•​ Approximately 95% falls within 2 standard deviations. 
•​ Approximately 99.7% falls within 3 standard deviations (the ‘3-sigma rule’). 

 
The normal distribution appears throughout IT. Network latency, manufacturing tolerances for 
hardware components, human reaction times, and measurement errors all tend to follow a 
normal distribution. The Central Limit Theorem states that the distribution of sample means 
approaches a normal distribution as the sample size increases, regardless of the underlying 
distribution – this is why normal distribution-based methods work so well in practice. 

 

📝 Over to you – Video Watch: Normal Distribution 

Watch this YouTube video: 
Title: The Normal Distribution – Crash Course Statistics #19 
Duration: 12:26 
Link: https://www.youtube.com/watch?v=rBjft49MAO8 

After watching, explain the 68-95-99.7 rule in your own words. Give one example of how 
the normal distribution might be used in IT quality control. 

 

💼 Case Study – Quality Control in Manufacturing 

A factory produces USB flash drives. The target storage capacity is 64 GB, and quality 
control data shows that actual capacities follow a normal distribution with a mean of 64.1 
GB and a standard deviation of 0.3 GB. Drives with a capacity below 63.5 GB or above 
64.7 GB are rejected. 

 
Task: (1) What proportion of drives are rejected? (2) If the factory produces 10,000 drives 
per day, how many are expected to be rejected? (3) If the quality team wants to reduce 
the rejection rate to less than 1%, what standard deviation would be needed (keeping the 
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same mean and limits)? Use the standard normal distribution (z-scores) to answer these 
questions. 
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2.3 Estimation and hypothesis testing 

Inferential statistics allows you to draw conclusions about a population based on data from a 
sample. This is enormously powerful because it is usually impractical or impossible to collect 
data from an entire population (all users of a website, all products in a production run, all 
network packets). Instead, you collect a representative sample and use statistical methods 
to make inferences about the population. 

 
Confidence Intervals 

A confidence interval provides a range of plausible values for a population parameter (such 
as the mean or proportion). A 95% confidence interval means that if you were to repeat the 
sampling process many times, approximately 95% of the resulting intervals would contain 
the true population parameter. 

 
The width of a confidence interval depends on three factors: the confidence level (higher 
confidence = wider interval), the sample size (larger sample = narrower interval), and the 
variability of the data (more variability = wider interval). In IT, confidence intervals are used to 
quantify uncertainty in A/B test results, performance benchmarks, and reliability estimates. 

 

💡 Example – Confidence Interval for a Mean 

A sample of 50 server response times has a mean of 120 ms and a standard deviation of 
30 ms. 

For a 95% confidence interval: CI = x̄ ± z × (s/√n) 

CI = 120 ± 1.96 × (30/√50) = 120 ± 1.96 × 4.24 = 120 ± 8.31 

95% CI: (111.69 ms, 128.31 ms) 

Interpretation: We are 95% confident that the true mean response time lies between 
111.69 ms and 128.31 ms. 

 
Hypothesis Testing 

Hypothesis testing is a formal procedure for making decisions based on data. The process 
involves: 

•​ Step 1: State the null hypothesis (H₀) – the default assumption (e.g. ‘There is no 
difference between the two systems’). 

•​ Step 2: State the alternative hypothesis (H₁) – what you are trying to prove (e.g. ‘The 
new system is faster’). 

•​ Step 3: Choose a significance level (α, typically 0.05 or 5%). 
•​ Step 4: Collect data and calculate the test statistic. 
•​ Step 5: Compare the test statistic to the critical value (or compare the p-value to α). 
•​ Step 6: Make a decision – reject or fail to reject H₀. 
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Common hypothesis tests include: 

•​ Z-test – for testing a population mean when the population standard deviation is 
known and the sample is large (n ≥ 30). 

•​ T-test – for testing a population mean when the population standard deviation is 
unknown or the sample is small. 

•​ Two-sample t-test – for comparing the means of two independent groups. 
•​ Test for proportions – for comparing proportions (e.g. conversion rates in A/B testing). 
•​ Chi-squared test – for testing associations between categorical variables. 

 

🌍 Industry Insight – A/B Testing in Tech Companies 

Major technology companies like Google, Amazon, Netflix, and Facebook run thousands 
of A/B tests simultaneously. In A/B testing, users are randomly divided into two groups: 
the control group (which sees the current version) and the treatment group (which sees a 
modified version). Statistical hypothesis testing is used to determine whether the 
difference in outcomes (e.g. click-through rates, conversion rates, engagement time) is 
statistically significant or just due to chance. 

Google reportedly runs over 10,000 A/B tests per year on its search results alone. 
Understanding hypothesis testing is therefore essential for any IT professional working in 
product development, UX research, or data analytics. 

 
Type I and Type II Errors 

In hypothesis testing, two types of errors can occur: 

•​ Type I error (false positive) – rejecting H₀ when it is actually true. The probability of a 
Type I error is equal to the significance level (α). 

•​ Type II error (false negative) – failing to reject H₀ when it is actually false. The 
probability is denoted β. 

 
In IT, the consequences of these errors can be significant. A Type I error in a security system 
might mean flagging a legitimate user as a threat (false alarm). A Type II error might mean 
failing to detect an actual security breach. Balancing these risks is a key consideration in 
system design. 

 

📝 Over to you – Hypothesis Testing Exercise 

A web developer claims that a redesigned checkout page reduces the average transaction 
time. Before the redesign, the mean transaction time was 45 seconds. After the redesign, 
a sample of 40 transactions has a mean of 42 seconds and a standard deviation of 8 
seconds. 
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Test the claim at the 5% significance level using a one-tailed t-test. State your hypotheses, 
calculate the test statistic, and draw a conclusion. Discuss what a Type I and Type II error 
would mean in this context. 
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2.4 Statistical methodologies 

This section explores more advanced statistical methodologies that are widely used in IT for 
analysing relationships, forecasting trends, and monitoring quality. 

 
Index Numbers 

Index numbers measure the relative change in a variable (or group of variables) over time 
compared to a base period. Common examples include the Consumer Price Index (CPI) and 
the IT spending index. Index numbers allow you to track trends and compare changes 
across different time periods or categories. In IT, index numbers might be used to track 
relative changes in server performance, software licence costs, or technology adoption rates 
over time. 

 
Time Series Analysis 

A time series is a sequence of data points collected at regular intervals over time. Time 
series analysis involves identifying four components: 

•​ Trend – the long-term increase or decrease in the data. 
•​ Seasonal variation – regular, predictable patterns that repeat over a fixed period (e.g. 

higher e-commerce traffic during December). 
•​ Cyclical variation – longer-term fluctuations influenced by economic or business 

cycles. 
•​ Irregular variation – unpredictable, random fluctuations. 

 
Time series analysis is used extensively in IT for capacity planning (predicting future server 
demand), network traffic forecasting, financial modelling, and anomaly detection (identifying 
unusual patterns that might indicate a security breach or system failure). Moving averages 
and exponential smoothing are common techniques for smoothing time series data to reveal 
underlying trends. 

 

🧭 Did you know? 

Amazon uses time series analysis to predict product demand and pre-position inventory in 
warehouses before customers even place their orders. Their algorithms analyse historical 
purchase data, seasonal trends, and external factors (like weather) to forecast demand 
with remarkable accuracy. This is one of the reasons Amazon can offer same-day delivery 
in many areas. 

 
Correlation and Regression 

Correlation measures the strength and direction of the linear relationship between two 
variables. The correlation coefficient (r) ranges from –1 (perfect negative correlation) to +1 
(perfect positive correlation), with 0 indicating no linear correlation. It is important to 
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remember that correlation does not imply causation – two variables may be correlated 
without one causing the other. 

 
Linear regression goes beyond correlation by fitting a line of best fit (y = a + bx) to the data, 
allowing you to make predictions. The regression line minimises the sum of squared 
residuals (the differences between observed and predicted values). In IT, regression is used 
for: 

•​ Predicting server load based on the number of concurrent users. 
•​ Estimating software development time based on project complexity. 
•​ Forecasting revenue based on marketing spend. 
•​ Modelling the relationship between code complexity and bug count. 

 

📝 Over to you – Video Watch: Correlation and Regression 

Watch this YouTube video: 
Title: Correlation vs. Causation – Crash Course Statistics #8 
Duration: 12:01 
Link: https://www.youtube.com/watch?v=GtV-VYdNt_g 

After watching, explain the difference between correlation and causation with an IT-related 
example. Why is this distinction so important when making data-driven decisions? 

 
Chi-Squared Tests 

The chi-squared (χ²) test is used to test whether there is a statistically significant association 
between two categorical variables. It compares observed frequencies with expected 
frequencies (those you would expect if there were no association). 

 
In IT, chi-squared tests might be used to determine: whether the choice of web browser is 
associated with operating system; whether there is a significant difference in error rates 
across different software modules; or whether user demographics are associated with 
product preferences. 

 
Quality Control 

Statistical quality control uses statistical methods to monitor and maintain the quality of 
products and processes. Control charts (also called Shewhart charts) plot data over time 
with a centre line (the process mean) and upper and lower control limits (typically set at ±3 
standard deviations from the mean). Points outside the control limits, or patterns of 
non-random behaviour within the limits, signal that the process may be out of control. 

 
In IT, quality control methods are applied to software testing (tracking defect rates), system 
monitoring (monitoring response times and error rates), and hardware manufacturing 
(ensuring components meet specifications). Six Sigma methodology, which aims for fewer 
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than 3.4 defects per million opportunities, relies heavily on statistical quality control 
techniques. 

 

💼 Case Study – Predicting Server Demand 

An e-commerce company records the following data for daily website visits (in thousands) 
and server load (% CPU utilisation) over 10 days: 

Visits: 10, 15, 12, 18, 20, 14, 16, 22, 25, 19 

CPU %: 35, 48, 40, 55, 62, 45, 50, 68, 78, 58 

 
Task: (1) Plot a scatter diagram. (2) Calculate the correlation coefficient. (3) Find the 
equation of the regression line. (4) Predict the CPU utilisation when daily visits reach 
30,000. (5) Discuss the reliability of this prediction and any limitations of using linear 
regression for forecasting. 

 

📝 Over to you – Time Series Activity 

Research a publicly available time series dataset related to IT (e.g. Google Trends data 
for a technology keyword, or publicly available website traffic data). Using Excel or Google 
Sheets, plot the time series, calculate a 3-point moving average, and identify the trend. 
Write a 250-word analysis discussing the trend, any seasonal patterns, and what the data 
suggests about future developments. 
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Summary 

In this chapter, you have explored the statistical foundations that underpin data-driven 
decision-making in IT. You have learned to calculate and interpret summary measures 
including measures of central tendency, dispersion, and skewness. You have studied 
probability models including the binomial, Poisson, and normal distributions, and applied 
them to real-world IT scenarios. You have evaluated methods of estimation (confidence 
intervals) and hypothesis testing, understanding the significance of Type I and Type II errors. 
Finally, you have analysed advanced statistical methodologies including index numbers, time 
series, correlation, regression, chi-squared tests, and quality control – all of which are widely 
applied in modern IT practice. 

 
These statistical skills complement the mathematical foundations from Chapter One, 
together equipping you with the quantitative reasoning skills essential for a successful career 
in information technology. 
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Glossary 

Word / Term Explanation 

Binomial Distribution A probability distribution for the number of successes in a fixed 
number of independent trials. 

Chi-Squared Test A statistical test for association between categorical variables. 

Coefficient of Variation The ratio of the standard deviation to the mean, expressed as 
a percentage. 

Composite Function A function formed by applying one function to the output of 
another: (f ∘ g)(x) = f(g(x)). 

Confidence Interval A range of values that is likely to contain a population 
parameter with a specified level of confidence. 

Correlation Coefficient A measure (r) of the strength and direction of the linear 
relationship between two variables (–1 to +1). 

Discriminant The expression b² – 4ac that determines the nature of the roots 
of a quadratic equation. 

Domain The complete set of input values for which a function is 
defined. 

Exponential Function A function of the form f(x) = aˣ, where the variable is in the 
exponent. 

Frequency Distribution A table or chart showing how data values are distributed 
across categories or intervals. 

Hypothesis Testing A formal statistical procedure for making decisions about a 
population based on sample data. 

Index Number A measure showing the relative change in a variable compared 
to a base period. 

Inverse Function A function that reverses the effect of the original function: if f(a) 
= b, then f⁻¹(b) = a. 

Logarithm The inverse of exponentiation: if aᵇ = c, then logₐ(c) = b. 

Mean The arithmetic average of a set of values. 

Median The middle value of a sorted dataset. 

Mode The most frequently occurring value in a dataset. 

Normal Distribution A symmetric, bell-shaped continuous probability distribution 
defined by its mean and standard deviation. 

Null Hypothesis (H₀) The default assumption in hypothesis testing, typically stating 
no effect or no difference. 

P-value The probability of observing results as extreme as the sample 
data, assuming the null hypothesis is true. 

Permutation An ordered arrangement of items. nPr = n! / (n – r)! 

Poisson Distribution A probability distribution for the number of events occurring in a 
fixed interval of time or space. 
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Polynomial An algebraic expression consisting of variables and coefficients 
combined using addition, subtraction, multiplication, and 
non-negative integer exponents. 

Quadratic Equation A polynomial equation of degree 2: ax² + bx + c = 0. 

Range (of a function) The complete set of output values a function can produce. 

Range (statistical) The difference between the maximum and minimum values in a 
dataset. 

Regression A statistical method for modelling the relationship between a 
dependent variable and one or more independent variables. 

Significance Level (α) The threshold probability for rejecting the null hypothesis, 
typically set at 0.05 (5%). 

Simultaneous Equations A set of equations with shared variables that must be solved 
together. 

Standard Deviation The square root of the variance; a measure of data spread in 
the same units as the data. 

Time Series A sequence of data points collected at regular intervals over 
time. 

Type I Error Rejecting the null hypothesis when it is actually true (false 
positive). 

Type II Error Failing to reject the null hypothesis when it is actually false 
(false negative). 

Variance The average of the squared deviations from the mean; a 
measure of data spread. 
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MCQs and True & False Questions (self-assessment) 

True or False Questions 

 
1. A quadratic equation can have at most two real roots. 

2. The discriminant of a quadratic equation is calculated as b² + 4ac. 

3. Any number raised to the power of zero equals one. 

4. A logarithm is the inverse operation of multiplication. 

5. The domain of a function is the set of all possible outputs. 

6. A bijective function has an inverse. 

7. Exponential growth means a quantity doubles at a constant rate. 

8. The binary logarithm (log₂) is used to measure information in bits. 

9. The mean is always the best measure of central tendency. 

10. Standard deviation is measured in the same units as the data. 

11. A normal distribution is symmetric about the mean. 

12. A confidence interval gives one exact value for a population parameter. 

13. In hypothesis testing, the null hypothesis is the claim you are trying to prove. 

14. A Type I error means rejecting a true null hypothesis. 

15. Correlation of +1 means a perfect positive linear relationship. 

16. Correlation implies causation. 

17. The Poisson distribution models the number of events in a fixed interval. 

18. A chi-squared test is used for comparing means of two groups. 

19. In a positively skewed distribution, the mean is greater than the median. 

20. Simultaneous equations can be solved using matrix methods. 
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Multiple Choice Questions 

 
1. What does the discriminant determine? 

A. The coefficient of x 

B. The nature of the roots 

C. The y-intercept 

D. The gradient 

 
2. If log₂(x) = 6, what is x? 

A. 12 

B. 36 

C. 64 

D. 128 

 
3. The vertex of a quadratic function gives: 

A. The x-intercepts 

B. The maximum or minimum value 

C. The gradient 

D. The domain 

 
4. Which rule states that aᵐ × aⁿ = aᵐ⁺ⁿ? 

A. Quotient rule 

B. Power rule 

C. Product rule 

D. Chain rule 

 
5. A function that is both one-to-one and onto is called: 

A. Injective 

B. Surjective 

C. Bijective 

D. Recursive 

 
6. The range of f(x) = x² is: 

A. All real numbers 

B. x ≥ 0 
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C. y ≥ 0 

D. y > 0 

 
7. Which distribution models the number of successes in fixed trials? 

A. Normal 

B. Poisson 

C. Binomial 

D. Exponential 

 
8. The standard deviation is the square root of: 

A. The mean 

B. The range 

C. The variance 

D. The median 

 
9. A 95% confidence interval means: 

A. 95% of the data lies within it 

B. There is a 95% chance the parameter is in the interval 

C. 95% of repeated intervals would contain the parameter 

D. The sample size is 95 

 
10. In hypothesis testing, α = 0.05 means: 

A. 5% chance of a Type II error 

B. 5% chance of a Type I error 

C. 95% chance of rejecting H₀ 

D. The sample size must be 5% 

 
11. The correlation coefficient r ranges from: 

A. 0 to 1 

B. –1 to 0 

C. –1 to +1 

D. 0 to 100 

 
12. A chi-squared test is used for: 

A. Comparing means 
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B. Testing associations between categorical variables 

C. Calculating the median 

D. Predicting trends 

 
13. Moore’s Law relates to: 

A. Logarithmic decay 

B. Doubling of transistors every two years 

C. Halving of storage costs 

D. Linear growth in RAM 

 
14. The Central Limit Theorem states that: 

A. All data is normally distributed 

B. Sample means approach a normal distribution as n increases 

C. The median equals the mean 

D. Outliers should be removed 

 
15. In regression, the line of best fit minimises: 

A. The correlation coefficient 

B. The sum of squared residuals 

C. The range 

D. The p-value 

 
16. A Type II error is also called a: 

A. False positive 

B. False negative 

C. True positive 

D. True negative 

 
17. The equation y = mx + c represents: 

A. A parabola 

B. A straight line 

C. An exponential curve 

D. A logarithmic curve 

 
18. If f(x) = 3x + 1 and g(x) = x², what is f(g(2))? 
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A. 7 

B. 13 

C. 19 

D. 49 

 
19. Approximately what percentage of data falls within 2 standard deviations of the mean in 
a normal distribution? 

A. 68% 

B. 90% 

C. 95% 

D. 99.7% 

 
20. The Poisson distribution is used to model: 

A. Continuous data 

B. Events in a fixed interval 

C. Paired comparisons 

D. Proportions 
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Answers to True/False Questions 

 
1. True. A quadratic equation (degree 2) has at most two roots. 

2. False. The discriminant is b² – 4ac (subtraction, not addition). 

3. True. a⁰ = 1 for any non-zero value of a. 

4. False. A logarithm is the inverse of exponentiation, not multiplication. 

5. False. The domain is the set of all possible inputs; the range is the set of outputs. 

6. True. A bijective function is both one-to-one and onto, so it has an inverse. 

7. True. Exponential growth involves doubling (or multiplying by a constant factor) at regular 
intervals. 

8. True. Information content in bits is measured using log₂. 

9. False. The mean is affected by outliers; the median is often more appropriate for skewed 
data. 

10. True. Standard deviation is the square root of variance, preserving the original units. 

11. True. The normal distribution is perfectly symmetric about its mean. 

12. False. A confidence interval provides a range, not a single value. 

13. False. The null hypothesis is the default assumption you are testing against, not the 
claim you are trying to prove. 

14. True. A Type I error (false positive) means rejecting H₀ when it is actually true. 

15. True. r = +1 indicates a perfect positive linear correlation. 

16. False. Correlation does not imply causation – confounding variables may explain the 
relationship. 

17. True. The Poisson distribution models count data in fixed intervals. 

18. False. Chi-squared tests are for categorical variables; t-tests are used for comparing 
means. 

19. True. In a positively skewed distribution, the tail extends to the right, pulling the mean 
above the median. 

20. True. Methods include substitution, elimination, and Gaussian elimination (matrices). 

 
Answers to Multiple Choice Questions 

 
1. (B) The nature of the roots 

2. (C) 64 

3. (B) The maximum or minimum value 

4. (C) Product rule 
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5. (C) Bijective 

6. (C) y ≥ 0 

7. (C) Binomial 

8. (C) The variance 

9. (C) 95% of repeated intervals would contain the parameter 

10. (B) 5% chance of a Type I error 

11. (C) –1 to +1 

12. (B) Testing associations between categorical variables 

13. (B) Doubling of transistors every two years 

14. (B) Sample means approach a normal distribution as n increases 

15. (B) The sum of squared residuals 

16. (B) False negative 

17. (B) A straight line 

18. (B) 13 

19. (C) 95% 

20. (B) Events in a fixed interval 
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