Representing Negative Numbers in Binary
Teacher notes · 55 minutes
This lesson introduces two methods for representing negative numbers using four bits: sign and magnitude, and two’s complement. By the end, pupils should be able to represent and interpret negative values using both methods and explain their different ranges and treatment of zero. It builds on pupils’ understanding of unsigned binary representation.
Lesson outline
Recall and connect	7 min
Display the retrieval questions for pupils to answer individually, then have them correct their answers in pairs. Review virtual machines, binary, unsigned four-bit place values and simple denary conversions. Link the previous lesson’s representation of information to today’s focus: fixed binary patterns can represent negative as well as positive numbers.
CHECK FOR UNDERSTANDING
1.	What is the denary value of 0110₂ as an unsigned number?
Listen for: 6.
2.	Why cannot an unsigned binary representation directly represent a negative number?
Listen for: It has no convention for indicating a negative sign; all bits contribute to a non-negative value.
New information	15 min
Model four-bit sign and magnitude. Emphasise that the leftmost bit is the sign bit, with 0 for positive and 1 for negative, while the remaining bits represent the magnitude using 4, 2 and 1. Demonstrate +5 as 0101₂, −5 as 1101₂, and the two representations of zero: 0000₂ and 1000₂. Then introduce two’s complement, where the place values are −8, 4, 2 and 1. Model interpreting 1101₂ as −3 and representing −5 by writing +5, inverting every bit and adding 1, giving 1011₂. Compare the two representations of −5.
CHECK FOR UNDERSTANDING
1.	In four-bit sign and magnitude, what does the first bit show?
Listen for: The sign: 0 is positive and 1 is negative.
2.	What is 1011₂ in four-bit sign and magnitude?
Listen for: −3, because the first bit gives the negative sign and 011 represents magnitude 3.
3.	What are the two’s complement place values in four bits?
Listen for: −8, 4, 2 and 1.
Guided practice	14 min
Model −6 in four-bit sign and magnitude, then have pupils use mini-whiteboards to complete +3 and −3 in sign and magnitude. Model −6 in two’s complement, then pupils complete −3 using the invert-and-add-one process. Ask pupils to interpret 1010₂ under both systems, highlighting that it is −6 in two’s complement but −2 in sign and magnitude. Ask pupils to calculate both representations of −4 and only move on when most can explain both calculations; otherwise re-model the process with −2.
CHECK FOR UNDERSTANDING
1.	What is −3 in four-bit sign and magnitude?
Listen for: 1011₂.
2.	What is −3 in four-bit two’s complement?
Listen for: 1101₂.
3.	Why can the same pattern have different values under the two methods?
Listen for: The methods assign different meanings to the leftmost bit and use different rules for interpreting the remaining bits.
Independent investigation	14 min
Pupils complete the nine questions individually, showing every step for negative two’s complement conversions. Circulate to check that pupils identify the method before calculating, use the correct four-bit place values and show inversion followed by addition of 1. Ask pupils to demonstrate the steps for −7 when checking their work. Pupils who finish can explain why 1000₂ means −0 in sign and magnitude but −8 in two’s complement.
CHECK FOR UNDERSTANDING
1.	Show the inversion-and-add-one steps for −7 in four-bit two’s complement.
Listen for: 0111₂ becomes 1000₂ when inverted, then adding 1 gives 1001₂.
2.	What is 1110₂ in four-bit two’s complement?
Listen for: −2.
Review of learning	5 min
Return to the learning objectives. Pupils complete the three exit questions silently, then review the answers. Address the misconception that the leftmost bit always indicates a negative sign: it is a sign bit in sign and magnitude, but it has a place value of −8 in four-bit two’s complement. Summarise the defining rule for each method.
CHECK FOR UNDERSTANDING
1.	What is the two’s complement representation of −4 in four bits?
Listen for: 1100₂.
2.	What is 1001₂ in four-bit two’s complement?
Listen for: −7, because −8 + 1 = −7.
3.	What is the main interpretation error to avoid?
Listen for: Do not treat the leftmost bit as a sign bit when interpreting two’s complement; its place value is negative.
Key vocabulary
•	binary: A number system that uses only the digits 0 and 1.
•	bit: One binary digit, either 0 or 1.
•	unsigned: A binary representation in which all bits contribute non-negative place values.
•	sign and magnitude: A method where the leftmost bit shows the sign and the remaining bits show the number’s size.
•	sign bit: The leftmost bit in sign and magnitude; 0 means positive and 1 means negative.
•	magnitude: The size of a number without considering whether it is positive or negative.
•	two’s complement: A method where the leftmost bit has a negative place value and the other bits have positive place values.
•	place value: The value assigned to a bit because of its position in the binary number.
Misconceptions
•	The leftmost bit always acts as a negative sign.
Correct it: It is a sign bit in sign and magnitude, but in two’s complement it has the negative place value −8 in a four-bit number.
•	The same bit pattern always represents the same denary value.
Correct it: The value depends on the representation method being used; for example, 1011₂ is −3 in sign and magnitude but −5 in two’s complement.
•	Two’s complement is formed by inverting the bits only.
Correct it: After inverting every bit, add 1 to complete the two’s complement process.
•	Sign and magnitude has only one representation of zero.
Correct it: It has both +0, represented by 0000₂, and −0, represented by 1000₂.
•	Four-bit sign and magnitude and two’s complement have the same range.
Correct it: Sign and magnitude ranges from −7 to +7, whereas two’s complement ranges from −8 to +7.
Support
•	Use four-bit place-value grids labelled −8, 4, 2 and 1 for two’s complement.
•	Provide the sign-and-magnitude rule: 0 means positive and 1 means negative.
•	Provide the three-step prompt for two’s complement: write the positive number, invert every bit, add 1.
•	Allow pupils to refer to the worked examples and complete fewer questions with immediate feedback.
Stretch
•	Ask pupils to compare both methods for several bit patterns and explain why the values differ.
•	Require pupils to explain the ranges −7 to +7 and −8 to +7 using the available bit patterns.
•	Ask pupils to justify why 1000₂ represents −0 in sign and magnitude but −8 in two’s complement, using place-value calculations rather than guessed answers.
Specification points
•	1.4.1c  Use of sign and magnitude and two’s complement to represent negative numbers in binary.
